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PREFACE. 


The  work,  which  is  now  brought  to  a  conclusion,  was  commenced 
in  the  year  1843,  having  been  designed  as  a  text-book  for  the  lec- 
tures on  General  Anatomy  and  Physiology,  given  in  King's  College, 
London. 

In  its  title,  we  adopted  the  term  Physiological  Anatomy,  in  pre- 
ference to  the  older  one  of  General,  or  the  later  one  of  Histologiealj 
as  being  more  comprehensive  than  either,  and  as  denoting  precisely 
that  kind  of  anatomy,  a  knowledge  of  which  is  especially  required 
for  the  investigation  of  those  subjects,  which  ought  to  come  under 
consideration  in  a  Physiological  course. 

We  proposed  to  ourselves  to  give  such  a  view  of  the  main  facts 
and  doctrines  of  Anatomy  and  Physiology,  particularly  of  those 

bearing  on  practical  Medicine  and  Surgery,  as  might  suffice  for  the 

> 

wants  of  the  student  and  practitioner.  Following  that  great  master, 
Haller,  we  were  desirous  of  giving  to  Anatomy  a  greater  degree  of 
prominence  than  had  been  usual  in  Physiological  works,  under  the 
conviction  that  a  thorough  training  in  its  several  branches,  descrip- 
tive, physiological,  and  comparative,  is  necessary  to  the  formation  of 
those  habits  of  mind  which  best  fit  their  possessor  for  the  successful 
investigation  and  the  correct  appreciation  of  physiological  science. 
And  we  aimed  at  resting  our  anatomical  descriptions,  at  least  as 
regards  the  more  important  points,  upon  our  own  investigations,  and 
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at  repeating  former  experiments,  or  devising  new  ones,  wheneve 
questions  of  sufficient  interest  presented  themselves. 

While  we  must  humbly  confess  how  small  have  been  the  advance 
attributable  to  our  own  labours,  the  immense  extension  given  to  th< 
sciences  of  Anatomy  and  Physiology  during  the  last  fifteen  years 
may  be  admitted  as  some  explanation  of  the  delay  that  has  occurre( 
in  the  publication  of  our  work,  a  delay  that  has  been  a  constant 
source  of  regret  to  us,  since  we  began  to  discover  how  impossible  it 
would  be  for  us  to  complete  it  within  the  term  originally  contem- 
plated.    That,  in  spite  of  repeated  procrastination,  it  should  have 
been  so  favourably  received,  both  at  home  and  abroad,  has  been  the 
greatest  encouragement  to  us,  and  demands  our  most  thankful 
acknowledgments.     If,  indeed,  our  pursuits  had  tended  to  no  other 
end  than  the  cultivation  of  science,  this  book  might  have  been 
finished  long  ago;  but  the  increasing  interruptions  incident  to  a 
professional  life,  and  the  large  demand  made  on  us  by  studies  of  a 
practical  kind,  began  at  an  early  period  to  impede  our  progress. 
These  hindrances  did  not  dijninish  as  time  wore  on,  nor  wer^  they 
lessened  by  the  fact  of  the  authorship  being  in  the  hands  of  two 
persons,  however  cordially  united  by  common  views  and  the  ties  of 
friendship,  or  by  the  necessity  for  frequent  and  prolonged  confer* 
ences  which  that  double  authorship  entailed. 

Such  is  the  apology  we  have  to  offer  for  the  tardy  completion  of 
our  work.  It  will,  we  doubt  not,  be  fully  appreciated  by  candid 
men  who  know  by  experience  how  multifarious  are  the  calls  made 
upon  those  who  not  only  are  candidates  for  professional  employment 
in  London,  but  hold  also  the  responsible  position  of  public  teachers 
in  a  large  School  and  HospitaL 

Were  it  not,  indeed,  for  the  kind  and  valuable  co-operation  of  Dr. 
Beale,  who  is  now  the  sole  occupant  of  the  physiological  chair  in 
King's  College,  we  should  not  even'  yet  have  been  released  from  our 
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difficulties.  Dr.  Seiile,  knowing  all  our  views,  and  having  worked 
with  US  on  many  points,  has  given  us  very  important  assistance  in 
drawing  up  the  concluding  chapters  of  the  work.  Our  warmest 
thanks  are  due  to  our  friend  and  colleague  for  the  patient  industry 
and  admirable  judgment,  with  which,  stepping  out  of  his  proper 
path  of  independent  investigation,  he  has  carried  out  our  intentions, 
and  enabled  us,  although  at  the  eleventh  hour,  to  fulfil  our  engage- 
ment to  our  pupils  and  to  the  public. 

To  our  friend  Dr.  H.  Hyde  Salter  we  are  indebted  for  several 
excellent  drawings,  as  well  as  for  other  valuable  assistance. 

We  desire  also  to  express  our  thanks  to  Mr.  Yasey  for  the  skill 
and  ability  with  which  he  has  executed  his  portion  of  the  task,  that 
of  engraving  the  drawings  on  wood. 


W.  B. R.  B.  T. 


Lonoir,  December  1, 1856. 
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INTRODUCTION. 

Thk  aim  of  all  natural  knowledge  is  to  ascertain  the  laws,  which 
control  and  regulate  the  phenomena  of  the  universe.  So  nume- 
rous, and  so  diversified  are  these  phenomena,  that  a  division  of 
labour  has  been  found,  not  merely  convenient,  but  absolutely  neces- 
sary, for  the  study  of  them.  The  position  and  movements  of  the 
planetary  system,  die  crust  of  the  earth,  and  it?  various  component 
strata,  the  treasures  hidden  in  its  womb,  the  abundant  vegetation 
that  grows  upon  its  surface,  or  beneath  its  waters,  and  the  number- 
less hosts  of  animals  that  dwell  upon  the  land,  or  in  the  rivers,  lakes 
and  aeas,  form  separate  branches  of  scientific  investigation,  between 
which  a  sufficienUy  distinct  line  of  demarkation  is  established  by  the 
nature  of  the  objects  of  inquiry  peculiar  to  each.  But,  in  all  depart- 
ments of  science,  the  same  general  rules,  for  conducting  the  investi- 
gation, prevail,  and  it  is  only  by  a  close  adherence  to  these,  that  we 
can  arrive  at  safe  and  satisfactory  conclusions. 

In  any  scientific  inquiry,  the  nrst  step  must  be,  to  form  a  general 
notion  of  the  characters  and  properties  of  the  objects  of  investigation. 
In  the  next  place,  it  is  necessary  to  observe  carefully  the  phenomena 
which  they  naturally  present ;  and,  if  thev  be  within  our  reach,  to 
produce  such  variation  in  them  by  artificial  means  (by  experiments), 
as  may  serve  to  throw  light  upon  them.  If  the  phenomena,  under 
observation,  be  complex,  we  must  analyze  them,  with  a  view  to 
ascertain  the  simpler  ones,  of  which  they  are  composed.  By  this 
analysis,  and  by  the  elimmation  of  such  as  are  merely  collatenu,  we 
arrive  at  a  phenomenon,  uncomplicated,  incapable  of  further  sub- 
division, and  fundamental ;  and  this  we  are  contented  to  receive  as 
an  ^dtimaiefacty  the  result  of  a  law  in  constant  and  universal  opera- 
tion. The  accumulation  of  observations  and  experiments  affords  us 
Experience  ;  points  out  the  ordinanr  succession  of  phenomena,  and 
teaches  us  the  ways  of  Nature.  If  these  phenomena  are  found  to 
present  a  certain  uniformity,  we  are  authorized  to  refer  them  to  the 
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operation  of  one  common  Cause,  and  we  are  thus  led  to  the  expres- 
sion of  the  Law  which  regulates  their  occurrence.  Proceeding  in 
this  way,  we  are  enabled  to  explain  the  whole  train  of  phenomena 
which  have  been  investigated, — that  is,  to  deyise  a  Theory  which 
develops  the  rationale  of  their  occurrence. 

But  sometimes  our  experiments  and  observations  throw  an  imper- 
fect light  upon  the  phenomena  which  are  the  subjects  of  investiga- 
tion ;  or  the  latter  are  so  remote,  or  so  little  under  our  control,  as  to 
render  both  observation  and  experiment  extremely  diflScult,  and,  in 
some  cases,  impossible.  The  ^^  instances"  which  we  are  enabled  to 
collect,  are  consequently  dubious  and  obscure,  and  point  darkly,  or 
not  at  all,  to  ultimate  facts ;  they  present  little  or  no  general  resem- 
blance, and  cannot  be  properly  associated  together.  Here  is  no 
foundation  on  which  to  build  a  theory:  but  great  advantage  may  be 
gained,  if,  with  the  little  light  we  derive  from  these  particular  obser- 
vations, aided  by  previous  knowledge  of  general  laws,  we  can  frame 
an  hypothesis^  offering  some  explanation  of  the  phenomena.  The 
adoption  of  such  an  hypothesis,  even  for  a  temporary  purpose,  will 
'^  aflbrd  us  motives  for  searching  into  analogies,"  may  suggest  new 
modes  of  observation  and  expenment,  and  ^^  may  serve  as  a  scaffold 
for  the  erection  of  general  laws." 

Previously  to  the  time  of  Lavoisier,  chemists  were  perfectly  fami- 
liar with  the  occurrence  of  combustion  under  various  circumstances; 
but  the  opinions  (hypotheses)  which  prevailed  as  to  the  real  nature  of 
this  process,  afforded  a  very  unsatisfactory  explanation  of  it.  Sub- 
sequently, however,  by  the  labours  of  Lavoisier,  Davy,  and  others, 
this  complex  phenomenon  has  been  observed  in  all  its  phases  ;  it  has 
been  carefully  analyzed,  and  has  been  proved  to  occur  in  all  cases, 
where  substances  possessed  of  strong  chemical  attractions,  or  different 
electrical  relations,  are  brought  within  mutual  influence.  The  ii{(i- 
mate  fact^  thus  arrived  at,  is,  that  intense  chemical  combination  al- 
ways gives  rise  to  the  evolution  of  heat,  and,  in  many  instances,  to 
that  of  light  also. 

Again,  a  great  number  of  observations  have  shown  that  bodies 
combine  together  only  in  certain  quantities,  or  in  multiples  of  them; 
that  each  body  has  its  proper  combining  quantity,  and  that  it  never 
enters  into  combination  except  in  that  quantity,  or  some  multiple  of 
it.  This  is  an  ultimate  fad^  ascertained  by  numerous  experiments, 
and  indicates  the  law,  which  is  so  important  in  chemistry,  that 
bodies  unite  with  each  other  in  their  combining  proportions  only, 
or  in  multiples  of  them,  and  in  no  intermediate  proportions.  And 
this,  again,  has  led  to  the  beautiful  generalization  of  Dalton,  that  the 
ultimate  atoms  of  bodies  are  their  respective  combining  quantities, 
and  bear  to  each  other  the  same  proportion  as  their  combining  equi- 
valents do. 

Or,  to  take  an  example  from  the  science  which  is  to  form  the 
subject  of  the  following  pages.  The  function  of  respiration  in  ani- 
mals is  a  very  complex  process,  respecting  the  nature  of  which  many 
unsatisfactory  hypotheses  had  been  formed,  owing  to  the  obscurity  in 
which  many  of  the  phenomena^  immediately  or  remotely  connected 
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with  it,  were  inyolved.  Until  the  law  of  the  diffusion  of  gases,  and 
of  the  penneability  of  membranes  by  them,  had  been  developed, 
and  antU  it  had  been  shown  that  carbonic  acid  is  held  in  solution  in 
Yenoiis  blood,  no  theory  of  respiration  could  be  framed  adequate  to 
explain  all  the  phenomena.  It  is  now  proved  that,  in  this  process,  a 
true  interchange  of  gases  takes  place  through  the  coats  of  the  pulmo- 
nary blood-Tessels,  the  oxygen  of  the  air  abstracting  and  occupying 
the  place  of  the  carbonic  acid  of  the  blood.  An  admirable  example 
is  thus  afforded  of  a  most  important  vital  process  taking  place  in 
obedience  to  a  purely  physical  law. 

Limng  objects  are  tfiose  which  properlv  belong  to  the  science  of 
Physiology.  These  are  strongly  contrasted  with  the  inanimate  bodies 
(which  have  never  lived),  to  which  other  branches  of  natural  science 
refer.  At  the  same  time^  there  are  many  points  of  resemblance  be- 
tween them;  and  as  both  owe  their  origin  to  the  same  Creative  man- 
date, and  are  reducible  (as  will  be  seen  by-and-by)  to  the  same 
elementary  constituents,)  so 'they  are  subject  in  a  great  degree  to  the 
same  physical  laws,  ana  are  to  be  investigated  according  to  the  same 
principles  of  philosophical  inquiry.) 

We  propose,  in  the  first  place,  to  compare  living,  or  organized 
bodies,  witfi  inanimate,  mineral,  or  unorganized  bodies,  and  to  explain 
what  is  meant  by  the  term  Life.  Secondly,  to  review  briefly,  and 
with  reference  to  their  leading  distinctions,  the  phenomena  of  the 
vegetable  and  animal  kingdoms.  Thirdly,  to  point  out  the  value  of 
a  knowledge  of  Physiology,  especially  that  of  Man,  in  relation  to 
medicine,  and  to  explain  the  best  mode  of  pursuing  it. 
^  I.  Every  living  Being  is  organized^ — that  is,  composed  of  different 
parts  or  wgans^  each  of  which  has  its  definite  structure,  by  which  it 
differs  from  other  parts,  and  is  capable  of  fulfilling  a  certain  end. 
The  complex  matter,  which  enters  into  the  composition  of  an  or^n- 
ized  being,  or  argamsm^  is  termed  organic  matter,  and  is  obtained 
by  its  proximate  analysis.  ^'  The  ultimate  analysis  of  this  matter  re- 
solres  it  into  elementary  principles,  such  as  constitute  other  objects 
of  the  universe.' 

The  various  bodies  that  compose  the  mineral  kingdom,  do  not  ex- 
hibit the  same  distinctness,  and  variety  of  structure  in  their  component 
parts,  nor  is  there  any  adaptation  of  their  parts  to  separate  functions; 
they  are  therefore  called  unorganized  or  inorganic^  and  chemical  ana- 
lysis resolves  them  into  those  simple  elements  which  admit  of  no  fur- 
ther subdivision. 

•  Organized  bodies  are  found  in  two  states  or  conditions.  -^The  one, 
that  of /|^,  is  a  state  of  action,  or  of  capacity  for  action.-  The  other^ 
that  of  <fea/A,  is  one  in  which  all  vital  action  has  ceased,  and  to  which 
the  disintegration  of  the  organized  body  succeeds  as  a  natural  eonse-- 
quence. 

An  organized  body  in  a  state  of  active  life  exhibits  certain  pro- 
cesses, by  which  its  growth  and  nutrition  are  provided  for,  and  which 
enable  it  to  resist  the  destructive  influence  of  surrounding  agents — 
processes,  the  object  of  which  is  to  promote  the  developmemt,  and  to 
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preserve  the  integrity  of  the  body  itself.     The  simplest  animal,  or 
vegetable,  is  an  illustration  of  this  remark. 

But  there  are  organized  bodies  in  which  life  may  be  said  to  be 
dormant.  In  these,  no  actions  or  processes  can  be  observed,  nor  any 
change  taking  place :  yet,  if  placed  under  certain  favourable  condi- 
tions, vital  activity  will  soon  become  manifest.  Of  this,  we  have 
familiar  examples  in  a  seed,  and  in  an  egg.  It  is  well  known,  that 
seeds  will  retain  their  form,  size,  and  oUier  properties  for  a  very 
considerable  period  ;  and  afterwards,  if  suitably  circumstanced^  will 
exhibit  the  process  of  germination  as  completely  as  if  they  had  been 
only  recently  separated  from  the  parent  plant.  Eggs,  also,  may  be 
preserved  for  a  long  time  without  injury  to  the  power  of  development, 
or  to  the  nutrition,  of  the  embryo  contained  within  them. 

It  is  worthy  of  observation,  that  those  processes,  which  denote 
vital  activity,  may  be  sometimes  temporarily  suspended,  even  in  fully 
formed  animals  and  vegetables ;  and,  in  such  instances,  life  may  be 
said  to  become  dormant.  The  privation  of  moisture  is  the  ordinary 
cause  of  this  interruption  to  the  phenomena  of  life.  In  dry  weather, 
mosses  often  become  completely  desiccated  and  appear  quite  dead, 
but  will  speedily  revive  on  the  application  of  moisture.  And  the 
common  wheel  animalcule,  although  apparently  killed  by  the  drying 
up  of  the  fluid  in  which  it  had  been  immersed,  will  speedily  resume 
its  active  movements  on  being  supplied  anew  with  water. 

Inorganic  bodies  may  be  resolved  by  ultimate  analysis  into  Oxy- 
gen, Hydrogen,  Nitrogen,  Carbon,  and  about  fifty  other  substances, 
which  Chemists  regard  as  simple,  because  they  appear  to  consist  of 
one  kind  of  matter  only  ;  that  is  to  say,  they  have  hitherto  resisted 
further  decomposition.  These  elements  unite  in  certain  definite  pro- 
portions to  form  the  compound  inorganic  substances.  And  this 
union  may  consist  either  of  two  simple  elements — as  oxygen  and 
hydrogen,  to  form  water;  oxygen  and  the  metal  sodium,  to  form 
soda  ;  chlorine  and  sodium,  to  form  common  salt ;  or,  of  one  binary 
compound  with  another  similar  one,  as  of  sulphuric  acid  (sulphur  + 
oxygen)  with  soda  (sodium  +  oxygen),  to  form  sulphate  of  soda  ; 
or,  again,  of  two  such  salts  as  the  last  with  one  another,  as  alum, 
which  consists  of  sulphate  of  alumina  united  with  sulphate  of  potassa. 

As  regards  the  mode  of  combination  in  the  first  of  the  examples 
enumerated  in  the  preceding  paragraph,  where  single  equivalents  of 
the  elementary  bodies  unite,  there  can  be  but  one  opinion.  In  the 
formation  of  water,  one  equivalent  of  hydrogen  combines  directly 
with  one  equivalent  of  oxygen.  But  when  one  equivalent  of  one 
element  is  united  with  two  or  more  of  the  other,  to  form  the  com- 
pound substance,  the  mode  of  combination  is  not  so  evident.  Per- 
oxide of  hydrogen,  for  example,  may  either  result  from  the  direct 
combination  of  one  equivalent  of  hydrogen  with  two  of  oxygen,  or  it 
may  be  a  compound  of  one  equivalent  of  water  with  one  of  oxygen. 

In  the  second  example,  in  which  two  binary  compounds  unite  to 
form  a  salt,  two  modes  of  constitution  have  been  suggested.  The 
first  supposes  a  direct  union  of  a  basic  oxide  with  an  acid  oxide,  as 
of  soda  (sodium  +  oxygen)  with  sulphuric  acid  (sulphur  +  oxygen) 
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again,  the  organized  structure  muscle,  is  formed.    And  so  in  other 
cases. 

In  the  organized  body  the  constituent  particles  are,  as  it  were,  art- 
fully arranged,  so  as  to  form  peculiar  textures,  destined  to  serve  spe- 
cial purposes  in  the  living  mechanism  of  the  animal  or  plant  to  which 
they  belong.  The  organic  compounds  which  may  be  obtained  from 
these  are  devoid  of  this  mechanical  arrangement  of  particles,  and  it 
is  a  beautiful  feature  of  the  organized  body,  that  every  part  has  its 
special  office,  that  there  is  nothing  superfluous,  nothing  wanting.  As 
each  organized  body  has  a  certain  end  to  serve  in  the  economy  of 
the  living  world,  so  each  organ  has  its  proper  use  in  the  animal  or 
plant.  In  this  adaptation  of  parts  to  the  performance  of  certain 
functions,  we  see  the  strongest  evidence  of  Design ;  and,  amidst 
much  apparent  difference  of  form  and  obvious  diversity  of  purpose, 
the  anatomist  recognizes  a  remarkable  unity  of  plan — aSbnlins  in* 
contestable  proof  that  the  whole  was  devised  by  One  Mind,  infinite 
in  wisdom,  unlimited  in  resource. 

^  The  true  proximate  principles  are  those  substances  which  are  the 
first  obtained  by  the  analysis  of  the  organized  textures ;  such  are 
gltUeriy  starchy  ligniney  from  the  vegetable  textures,  or  albumen^ 
fbrinj  casein^  from  the  animal  ones.  From  these  again  a  great  vari- 
ety of  compounds  lias  been  obtained  by  various  processes,  owing 
to  the  tendency  which  their  elements  have  to  form  new  combinations. 
By  boiling  starch  in  dilute  acids,  it  becomes  converted  into  a  kind  of 
gum,  and  starch-sugar.  By  placing  yeast  in  contact  with  sugar,  the 
latter  is  converted  i«to  alcohol  and  carbonic  acid,  without  the  yeast 
afibrding  it  any  of  its  chemical  constituents ;  and,  in  the  germination 
of  barley,  or  of  the  potatoe,  a  peculiar  substance  is  formed,  the  con- 
tact of  which  with  the  starch  of  the  barley  or  potatoe  converts  it  into 
sugar.  Innumerable  examples  might  be  quoted  from  various  vege- 
table compounds,  showing  that  the  affinity,  which  holds  together  the 
elements  of  organic  substances,  is  so  feeble,  that  it  afibrds  but  slight 
resistance  to  their  entrance  into  new  combinations.  In  this  way^ 
large  class  of  organic  matters  is  formed,  which  it  seems  j>r0per  to 
distinguish  from  the  true  proximate  principles,  under,  the  name  of 
secondary  organic  compounds.  ^ 

In  analyzing  the  true  proximate  principles  of  organic  substances, 
it  is  found  that  they  consist  for  the  most  part  of  three  or  four  of  the 
essential  simple  elements,  and  that,  as  many  of  them  contain  a  large 
number  of  atoms,  their  combining  proportion  is  represented  by  a 
very  high  number.  Respecting  the  mode  of  combination  of  these 
elements  much  uncertainty  prevails.  Some  chemists  consider  them 
united  equally  with  each  other,  and  regard  the  organic  principles 
themselves  as  ternary  or  quaternary  compounds  of  them.  But  others 
have  suggested  a  mode  of  combination  more  analogous  to  that  of 
inorganic  substances  (see  pages  28,  29)  ;'^namel^,  that  two  or  three  of 
the  elements  form  a  compound  radicle,  with  which  the  remaining  one 
unites  to  form  a  binary  compound.  >  In  a  body,  for  example,  QMsist- 
ing  of  three  elements,  two  would  form  the  compound  radicle,  or,  in 
one  composed  of  four  elements,  three  would  constitute  it.   This  mxKle 
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diat  the  binaij  dieorj  is  applicable  to  both  classes  of  substances,  and 
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If  so  moch  uncertainty  exists  in  reference  to  the  manner  of  combi- 
of  die  simpler  elements  to  form  organic  compounds,  it  is  no 
that  the  attempts  of  chemists  to  produce  them  by  artificial 
dioold  haye  met  widi  so  little  success.  ^  No  one  has  sue- 
eeeded  in  the  synthens  of  any  of  the  true  proximate  principles  fand, 
indeed,  it  is  yeiy  questionable  whedier  any  of  those  products  of  a 
▼ital  chemistry  will  ever  be  produced  elsewhere  than  in  the  living 
orgamsm.  ^Tlie  formation  of  urea,  a  secondary  organic  compound, 
has  been  effected  by  Wdhler  from  the  cyanate  of  ammonia,  by  de- 
priTiDg  it  of  a  little  ammonia  through  the  action  of  heat.  And  it 
mast  be  admitted,  as  no  unimportant  step  in  the  synthesis  of  organic 
compoonds,  that  nitrogen  gas  has  been  found  to  unite  with  charcoal, 
uder  the  influence  of  carbonate  of  potassa  at  a  red  heat.  The 
cyanide  of  4K>tassium,  which  is  thus  formed,  yields  ammonia,  when 
decomposed  by  water ;  so  that  cyanogen,  and,  through  cyanogen, 
ammonia,  can  be  primarily  derived  from  their  respective  elements 
eontained  in  the  inorganic  world.  {Graham's  Chemistry y  p.  709,  [Am. 
Ed.  p.  671J.)  Allantoin,  an  analogous  compound  to  urea,  and  formic 
add,  have  likewise  been  artificially  produced.'^ 

We  proceed  from  this  review  of  the  chemical  constitution  of  or- 
ganic and  inorganic  substances,  to  compare  them  together  in  other 
reqpects. 
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In  examining  an  organic  substance  which  is  organized,  i,  t.,  90 
construcletl  as  to  form  part  of  a  living  organism,  we  find  it  to  pos- 
sess very  dtstinclive  characters,  ■  It  generally  contains  water  in  con- 
siderable proportion  ;  its  form  is  more  or  less  rounded  and  free  from 
angularity,  and  it  is  never  crystallized.  When  considerable  hardness 
or  density  is  required,  the  quantity  of  water  is  small,  and  an  inorganic 
material  is  combined  with  the  organic  matter ;  as,  in  bones,  phpsph^te 
of  Ij^e  with  the  gelatine  of  the  bone,  or,  in  plants,  silex  with  theit 
epidermic  tissues,         ' 

An  organized  body  is  composed  of  parts,  distinct  from  each  other 
in  structure  and  function,  and  it  may  be  subdivided  into  a  series  of 
textures,  each  differing  from  the  others  in  physical  and  vital  proper- 
ties.-fXhe  existence  of  a  great  variety  of  textures, 
Fig.  I.  in  an  animal,  is  an  indication  of  a  high  degree 

of  organization. >    Among  the  lowest  organized 

creatures  there  is  much  uniformity  of  structure, 
although  variety  of  parts  or  organs.  Still  these 
creatures  by  their  actions  show  that  materials  of 
different  properties  must  exist  throughout  their 
bodies. 

vTbe  simplest  and  most  elementary  organic 
form,  with  which  we  are  acquainted,  is  that  of 
showing  uin  Mii.meni.  a  Cell,  Containing  another  within  it  {nucUui), 
iii'o"uuciMiui"''  "^  '"  which  again  contains  a  granular  body  lnucleolut]i 
(Fig-  1.) 
^This  appears,  from  the  interesting  researches  of  Schleiden  and 
Schwann,  to  be  the  primary  form  which  organic  matter  takes  when 
it  passes  from  the  condition  of  a  proximate  principle  to  that  of  an 
organized  structure.- 

The  bodies  of  some  animals  and  of  some  plants,  are  composed 
almost  entirely  of  cells  of  this  kind ;  and  in  the  early  development  of 
the  embryo,  all  the  tissues,  however  dissimilar  from  each  other,  con- 
sist at  first  of  nucleated  cells,  which  are  afterwards  metamorphosed 
into  the  proper  elements  of  the  adult  texture. 

An  organized  body  possesses  a  definite  form  and  disposition,  not 
only  as  regards  its  component  parts,  but  likewise  when  viewed  as  a 
whole.  Each  organized  body  has  its  appropriate  and  speciiic  shape; 
and  to  each  a  certain  size  is  assigned.  To  observe  and  classify  the 
wonderful  diversity  of  form  exhibited  by  plants  and  animals,  has 
given  employment  to  Naturalists  in  all  ages  ;  and  the  sciences  of 
Zoology  and  systematic  Botany  have  been  founded  upon  the  results 
of  their  labours. 

Every  organized  body  is  limited  in  its  duration  ;  it  has  "  its  time 
to  be  born  and  its  time  to  die,"  and!  at  death  it  passes  by  decompo- 
sition into  simpler  and  more  stable  combinations  of  the  inorganic 
elements. 

In  their  origin,  organized  bodies  are  generally,  if  not  always,  de- 
rived from  similar  ones.  Some  have  supposed  that  out  of  decaying 
vegetable  or  animal  matter  minute  animals  or  plants  of  other  kmds 
may  be  formed  :  hut  it  seems   most  probable  that  in  those  cases  in 
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which  they  had  been  sapposed  to  be  formed,  the  seeds  or  eggs,  or 
eren  the  parents  themselves,  had  been  concealed  in  the  decaying 
matter,  or  floated  in  the  surroundmg  atmosphere.  Recent  experi- 
ments throw  considerable  doubt  upon  this  doctrine  of  the  spontaneous 
generoHon  of  organized  bodies,  by  showing  that  neither  vegetation 
nor  the  development  of  animalcule  will  go  on  in  fluids  which  have 
been  subjected  to  such  processes  as  must  inevitably  kill  whatever 
germs  may  have  been  diffused  around  or  throughout  them.  In  the 
present  state  of  our  knowledge  it  may  be  said,  that  the  Harveian 
maxim,  '*  Omne  vivum  ex  ovo,"  is  the  rule ;  and  that  if  there  be  any 
other  mode  in  which  the  development  of  living  beings  takes  place, 
it  is  the  exception.  The  progress  of  Anatomical  knowledge  is  eveiy 
day  revealing  to  us  the  organs,  and  the  mode  of  generation  in  the 
minutest  and  the  least  conspicuous  forms  of  vegetable  and  animal 
life ;  and  thus  the  doctrine,  which  supposes  that  uving  objects  may. 
arise  by  a  sort  of  conjunction  of  the  elements  of  decomposing  organic 
matter,  becomes  more  and  more  improbable. 

How  beautiful  is  the  provision  which  this  power,  possessed  by 
organized  bodies,  of  ^eneratine  others,  aflbrds,  for  preserving  a  per- 
petual succession  of  living  beings  over  the  globe!  The  command, 
"  Increase  and  multiply,"  has  never  ceased  to  be  fulfilled  from  the 
moment  it  was  uttered.  Every  hour,  nay,  every  minute,  brings  into 
being  countless  myriads  of  plants  and  animals,  to  supply  in  lavish 
profusion  the  havoc  which  death  is  continually  making ;  and  it  is 
impossible  to  suppose  that  the  earth  can  cease  to  be  in  this  way 
replenished,  until  the  same  Almighty  Power,  that  gave  the  command, 
shall  see  fit  to  oppose  some  obstacle  to  its  fulfillment. 

In  addition  to  this  power  of  propagation,  organized  bodies  enjoy 
one  of  conservation  and  reproduction.  Solutions  of  continuity,  the 
loss  of  particular  textures,  whether  resulting  from  injury  or  from 
disease,  can  be  repaired.  Parts,  that  have  been  removed,  may  be 
restored  by  a  process  of  growth  in  the  plant  or  animal,  and  ^n  some 
animals  the  reproductive  power  is  so  energetic,  that  if  an  individual 
be  divided,  each  segment  will  become  a  perfect  being.  ^^This  power 
of  reproduction  is  greater,  the  more  simple  the  structure  ^f  the  organ- 
ized body  ;  the  more  similar  to  each  other  are  the  constituent  parts, 
the  more  easy  will  reproduction  be.'  Numerous  examples  of  this 
power  may  be  adduced, — the  healing  of  wounds,  the  adhesion  of 
divided  parts  are  familiar  to  every  one.  New  individuals  are  deve- 
loped from  the  cutting  of  plants:  the  division  of  the  hydra  into  two, 
gives  rise  to  the  production  of  two  new  individuals.  If  a  Planaria 
be  cut  into  eight  or  ten  parts,  according  to  Duges,  each  part  will 
assume  an  independent  existence. 

The  power  of  reproducing  single  parts  only,  is  possessed  by  animals 
higher  in  the  scale.  I  In  snails,  part  of  the  head,  with  the  anteunx, 
may  be  reproduced,  provided  the  section  have  been  made  so  as  not 
to  injure  the  cerebral  ganglion.  Crabs  and  lobsters  can  regenerate 
their  claws,  when  the  separation  has  taken  place  at  an  articulation ; 
and  spiders  enjoy  the  same  power.     In  lizards,  the  tail,  or  a  limb. 
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can  be  restored,  and  in  salamanders  the  same  phenomenon  has  belt 
fireauehtly  witnessed.  ^  '^ 

<*-  Organized  bodies  can  appropriate  and  assimilate  to  their  own  UaM 
tures  other  substances,  whether  inorganic  or  organic. '  This  proc«q 
is  that  which  is  most  characteristic  of  living  creatures:  in  virtue  of  |[| 
animals  and  plants  are  continually  adding  to  their  textures  ncW 
matter,  by  whidi  they  are  nourished.  ^Plants  appropriate  their  nQtlH 
ment  from  the  inorganic  kingdom,  as  well  as  from  decaying  orgadi 
matter  p  animals,  chiefly  from  organic  matters,  whether  animal  dl 
vegetable.-  Bpth  possess  the  wonderful  power  of  re-arranging  llN 
constituents  of  these  substances  into  forms  identical  with  those  of  thi 
elements  of  their  various  tissues — smd  of  thus  making  them  part  and 
parcel  of  themselves. 

Together  with  a  process  of  supply,  diere  is  one  of  waste  cott> 
tinuaUy  in  operation.  Animals  and  plants  are  ever  throwing  ol 
effete  particles  from  their  organisms.  These,  under  the  name  oi 
excretianSy  appear  in  various  forms — either  as  inorganic  compounds^ 
or  as  secondary  organic  products.  Thus,  carbonic  acid  is  given  of! 
in  large  quantities  from  animals ;  water,  likewise,  forms  a  considerabte 
portion  of  their  excreted  matter,  and  serves  to  hold  in  solution  saltSj 
and  secondary  organic  compounds,  which  result  from  the  waste  of  the 
tissues.  In  this  way,  also,  urea,  lithic  acid,  and  biliary  matters  are 
excreted.  In  plants,  water  is  excreted  from  the  leaves,  a  pheno- 
menon which  has  been  compared  to  the  perspiration  of  animals ;  and 
various  other  excretions,  which  are  sometimes  made  to  serve  an  addi- 
tional purpose  in  the  economy  of  the  vegetable,  besides  that  of  set- 
ting  rid  of  superfluous  matter,  are  doubtless  formed  by  the  secondaiy 
combinations  of  the  effete  particles  of  their  textures. 

These  two  processes,  exereiiony  or  the  expulsion  of  effete  particles, 
and  assimUaiion  of  substances  from  without,  are  necessarily  mutually 
dependent.  As  long  as  new  matter  is  being  appropriatea,  old  pa^ 
ticles  must  be  thrown  off,  otherwise  growth  would  be  unlimited— 
and  were  excretion  alone  to  go  on,  the  destruction  of  the  organism 
must  speedily  ensue,  by  the  gradual  waste  of  the  tissues,  to  which 
no  new  supply  was  afforded.  In  both  processes  new  combinations 
are  taking  place,  as  it  were,  in  opposite  directions;  in  the  one  from 
the  simple  to  the  complex  to  form  organized  parts,  in  the  other,  from 
the  oomplex  constituents  of  the  textures  to  the  simple  organic,  oi 
inorganic  compounds. 

As  each  texture  of  the  organism  has  this  tendency  to  change  during 
life,  so,  the  whole  organism  tends  to  decomposition,  when  death  puta 
a  stop  to  all  further  absorption  of  nutritive  matters.  Dead  organized 
matter  is  speedily  dissipated  under  certain  conditions.  These  are  the 
presence  of  air,  moisture,  and  a  certain  temperature,  or  contact  with 
an  organic  substance  which  is  itself  undergoing  decomposition.  The 
affinity  which  held  together  the  elements  of  the  organic  substances  ifl 
destroyed  by  the  cause  which  occasioned  their  death,  and  they  arc 
set  free  to  obey  new  affinities  and  form  new  compounds. 

When  we  consider  the  large  number  of  eauivalents  which  entei 
into  the  formation  of  each  molecule  of  organic  compounds,  it  neei 
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2«fl"n«  of  natiir^.  Li^lit,  he*:,  the  a;wvv<{*hoix\  oKcu^umI 
lias  hs  rfrare  in  prcmotir.^  the  tunctiv>n»  in  tho  j*I{i\  ot' 
viici  Life  ci^nsisss:  all  are  mon?  or  less  neoessarv  to  tho  inte<ul\  of 
3seK  action* :  and  it  is  contranr  to  experience  to  supp^vxe  x\\M  1  itV 
can  b«  manifested  witLoat  their  co-operation.  Yet  we  c;utiu«t  .\ii> 
tha:  Life  is  prodaced  bv,  or  is  the  result  ot\  thesie  M)*enciex.  It  m 
t^'iSLlj  contrary  to  experience  to  find  the  manitVst»tion  of  l.ito  iii 
o'lher  than  organized  bodies.  Neverthelej»,  it  cannot  be  ntlirnuul  ibut 
organization  is  the  cause  of  Life,  for  without  the  other  ngeutN  no  vitul 
action  occurs,  and  it  has  already  been  shown  that  the  orgnni^Mlion  of 
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new  matter  is  effected  only  by  living  bodies.^The  mutual  co-operation 
of  organized  matter  with  the  forces  at  work  in  the  inorganic  world, 
is  necessary  to  the  development  of  vital  phenomena.  - 
{The  term  Life,  then,  may  be  regarded  as  denoting  an  ultimate  fact 
*'  in  science,  which  may  be  thus  expressed  ;^  that  certain  compounds  of 
matter — which,  as  being  artfully  arranged  in  a  particular  form  for  a 
special  end,  and  associated  together  by  a  certain  mechanism,  are 
called  organized — do,  by  their  co-operation  with  physical  and  chemi- 
cal forces,  manifest  a  train  of  phenomena,  which  are  of  the  same,  or 
of  an  analogous  kind,  for  all  organized  beings; •that  is  to  say,  they 
manifest  the  phenomena  of  Life,  i  All  organized  substances,  capable 
of  thus  co-operating  with  the  other  natural  agencies,  are  called  living; 
and,  although  they  may  not  be  positively  in  action,  they  are  yet  alive, 
as  being  ready  to  act  when  the  complementary  conditions  to  vital 
action  shall  be  supplied  to  them.  Thus  the  seed  is  alive,  although 
not  in  action ;  but,  immediately  it  is  brought  into  contact  with  mois- 
ture and  heat,  life  is  manifested.  Hence  these  agents,  moisture, 
heat,  light,  &c.,  are  said  to  act  as  vital  stimuli.  TXhe  organic  matter, 
in  becoming  part  of  a  living  machine,  acquires  certain  properties, 
Tery  different  from  what  it  possessed  before ;  these  are  called  v^al 
properties :)  ihey  coniinne  as  long  as  the  organization  remains  un- 
changed. For  example,  a  certain  proximate  element  is  organized  to 
form  muscle ;  it  then  acquires  the  property  of  contractility,  which  it 
retains  during  life. 

According  to  our  experience,/ organic  matter  derives  vital  pro- 
perties in  by  far  the  majority  of  instances,  and  p/obably  in  all,  from 
a  previously  existing  orsanism^  ^  The  egg,  while  within  the  bod  v  of 
the  mother,  acquires  vital  properties ;  and  it  manifests  an  independent 
life  when  it  is  laid,  if  the  requisite  conditions  (vital  stimuli)  are  then 
supplied.^  Thus  is  life  transmitted  from  one  living  bein^  to  another; 
and  the  life  of  a  present  generation  of  animals  and  plants  has  its 
source  in  that  of  a  previous  generation.  If  we  trace  a  race  upwards, 
through  generations  innumerable,  to  that  which  first  flourished  on  the 
earth,  we  find  the  true  source  of  vital  action  to  be  in  Him,  ^^  in  whom 
we  live,  and  move,  and  have  our  being." 

Thus,  then,  out  of  the  same  elements  of  which  the  inorganic  king- 
dom consists,  God  has  created  a  series  of  material  substances,  which 
by  their  action  and  reaction  with  other  physical  agencies,  exhibit, 
apparently  in  a  spontaneous  manner,  the  phenomena  of  Life,  and 
manifest  a  series  of  peculiar  forces  capable  of  opposing  and  controlling 
the  other  forces  of  nature.  While  these  substances  retain  a  perfect 
organization,  and  are  supplied  with  their  proper  stimuli,  vital  actions 
go  on  without  interruption,  and  no  changes  take  place  in  the  matter 
of  the  organism,  excepting  such  as  result  from  its  proper  affinities. 
But  no  sooner  is  the  integrity  of  its  structure  destroyed,  or  the  influ- 
ence of  the  vital  stimuli  withdrawn,  than  action  ceases,  the  organism 
dies,  and  the  organic  matter  yields  up  its  elements  to  form  new  com- 
pounds, a  large  proportion  of  which  are  inorganic. 

Many  are  not  content  with  this  simple  expression  of  facts,  and  seek 
a  theory  to  explain  the  phenomena  of  organized  bodies,  and  to  account 


'  THE0IIIE8  OF  LIFE.  37 

for  the  mysterious  actions  of  Life.  The  ingenuity  of  philosophers  has 
been  not  a  little  taxed  for  this  purpose ;  and\  the  history  of  the  risie 
and  fall  of  many  an  hypothesis,  which  has  been  framed  upon  this 
subject,  affords  a  salutary  warning  to  those  who  may  be  tempted  to 
wander  into  the  regions  of  speculation  and  fancy,  deserting  the  safe 
and  beaten  path  of  inductive  reasoning.  \ 

It  does  not  fall  within  the  scope  of  this  work  to  examine  the  various 
theories  of  Life.  One  or  two,  however,  we  deem  it  right  to  notice, 
with  the  hope  of  at  once  exposing  their  inadequacy,  and  elucidating 
more  folly  the  statement  above  given  respecting  Life. 

From  a  very  early  period  in  the  history  of  natural  science,  there 
has  been  a  tendency  to  ascribe  these  effects  to  a  certain'  principle,  or 
Entity,  possessing  powers  and  properties  which  (however  men  mav 
try  to  impress  themselves  with  the  contrary  notion)  entitle  it  to  rank 
as  an  inteUigent  agent.  It  is  true,  that,  according  to  most  of  the  ad- 
Tocates  of  mis  doctrine,  this  power  is  supposed  to  be  superintended 
and  controlled  by  the  Deity  himself,  and,  by  this  supposition,  they 
have  screened  themselves  against  the  accusation  of  attributing  to  a 
creature  the  powers  of  the  Creator. 

A  little  examination  of  this  doctrine  will  show,  that  is  has  no  pre- 
tensions to  the  title  of  a  theory. 
im->  Aristotle  attributed  the  organization  of  animals  and  vegetables, 
and  the  vital  actions  exhibited  by  them,  to  a  series  of  animaHng 
pnndpkSj  (4v;t<M|)  differing  according  to  the  nature  of  the  organized 
bodies  constructed  by  them,  and  acting  under  the  direction  of  the 
Supreme  animating  principle  {fvan).  He  supposes  that  each  par- 
ticular kind  of  organized  body  had  its  proper  animating  principle, 
or  ^9xni  <^^  ^^^  ^^  variety  of  the  former  really  depended  upon 
certain  original  differences  in  the  nature  of  the  latter,  so  that  every 
distinct  species  of  animating  principle  would  necessarily  have  its  ap- 
propriate species  of  body.  - 

-Harvey,  likewise,  assumes  Uie  existence  of  an  animaHng  principle, 
by  which. every  organism  is  moulded  into  shape,  out  of  materials  fur- 
nished by  the  parent,  and  which,  pervading  tiie  substance,  regulates 
the  various  functions  of  its  corporeal  residence.  But,  at  a  subsequent 
stage  of  his  inquiries,  in  assigning  the  blood  as  the  special  seat  of  this 
principle,  he  advances  anotiber  supposition  totally  at  variance  with 
his  previous  hypothesis ;. namely,  that  as,  during  the  development  of 
the  chick  in  ovo,  the  blood  is  formed  and  is  moved,  before  any 
vessel,  or  any  organ  of  motion  exists,  so  in  it  and  from  it  originate, 
not  only  motion  and  pulsation  but  animal  temperature,  the  vital  spirit, 
and  even  the  principle  of  life  itself.  So  completely  biased  were  the 
views  of  this  illustrious  man,  by  his  exaggerated  notions  respecting 
the  nature  and  properties  of  the  blood ! 

The  celebrated  Jj2h0  Hunter,  who  does  not  appear  to  have  been 
acquainted  with  the  views  expressed  by  Harvey,  revived  a  somewhat 
similar  hypothesis ;  and  it  is  curious  that  the  same  fact  should  have 
so  attracted  the  attention  6f  both  as  to  have  given  the  first  impulse  to 
their  q>eculations.  This  fact  was,  that  a  prolific  egg  will  remain  sweet 
m  a  warm  atmosphere^  while  an  unfecondated  one  will  putrefy.  The 
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views  of  Hunter  have  been  received  with  very  general  fovoor  bj 
English  physiologists. 

Hunter  ascribes  the  phenomena  of  life  to  a  materia  nita,  difiused 
throughout  the  solids  and  the  fluids  of  the  body.  This  materia  viia 
he  considers  to  be  ^^  similar  to  the  materials  of  the  brain :"  he  distin- 
guishes it  from  the  brain  by  the  title  ^^  materia  vita  diffusa^^^  while 
he  calls  that  organ  ^^  materia  mt<B  coacervaia^^^  and  supposes  that  it 
communicates  with  the  former  through  the  nerves,  the  chordm  tnlerw 
nuncuB.  And  Mr.  Abernethy,  in  commenting  upon  these  views, 
explains  Mr.  Hunter's  materia  vita  to  be  a  subtile  substance,  of  a 
quickly  and  powerfully  mobile  nature,  which  is  superadded  to  organi- 
zation and  pervades  organized  bodies ;  and  this  he  regards  as,  at 
least,  of  a  nature  similar  to  electricity. 

Miiller  advocates  the  presence  of  an  '^  organic  foroe^^  resident  in 
the  whole  organism,  on  which  the  existence  of  each  part  depends, 
and  which  has  the  property  of  generating  from  organic  matters  the 
individual  organs  necessary  to  the  whole.  ^'  This  rational  creatire 
force  is  exerted  in  every  animal  strictly  in  accordance  with  what  the 
nature  of  each  requires ;  it  exists  already  in  the  germ,  and  creaJtm  in 
it  the  essential  parts  of  the  future  animal." 

An  hypothesis,  not  dissimilar  to  that  last  mentioned,  is  maintained 
by  Dr.  Prout,  and,  as  appears  to  us,  it  has  been  pushed  by  him  to 
the  utmost  limits  which  the  most  fanciful  speculation  would  admit  of. 
He  supposes  that  a  certain  organic  agent  (or  agents)  exists,  the  inti- 
mate nature  of  which  is  unknown,  but  to  which  veiv  extraordinary 
powers  are  ascribed.  It  is  superior  to  those  agents  whose  operations 
we  witness  in  the  inorganic  world :  it  possesses  the  power  of  con- 
trolling and  directing  the  operations  of  those  inferior  agents.  ^^  If," 
says  Dr.  Prout,  ^^  the  existence  of  one  such  organic  agent  be  admitted, 
the  admission  of  the  existence  of  others  can  scarcely  be  withheld  ; 
for  the  existence  of  one  only  is  quite  inadequate  to  eocplain  the  injbdte 
diversity  among  plants  and  anirnals.^^  ^^  In  all  cases  it  must  be  con- 
sidered an  ultimate  principle,  endowed  by  the  Creator  with  a  feculty 
little  short  of  intelligence,  by  means  of  which  it  is  enabled  to  con- 
struct such  a  mechanism  from  natural  elements,  and  by  the  aid  of 
natural  agencies,  as  to  render  it  capable  of  taking  further  advantage 
of  their  properties,  and  of  making  them  subservient  to  its  use." 
(  The  hypotheses  of  Aristotle,  Miiller,  and  Prout,  and  the  earlier  of 
those  proposed  by  Harvey,  seem  all  alike ;  they  assume  that  organi- 
zation and  life  are  directed  and  controlled  by  an  Entity,  or  Power, 
^^  endowed  with  a  faculty  little  short  of  intelligence,"  the  ^xn  of 
Aristotle,  the  animating  principle  of  Harvey,  the  organic  force  of 
MuUer,  and  the  organic  agent  of  Prout.  What  the  mechanism  may 
be  by  which  this  entity  acts,  they  do  not  determine ;  but  it  is  evi- 
dently such  as  bears  no  analogy  to  any  known  natural  agency.  Its 
existence  is  independent  of  the  organism,  for  it  has  directed  both  the 
organizing  process  and  the  living  actions  of  the  being.  Whence  then 
is  it  derived  ?  According  to  Miiller,  from  the  parent,  for  it  exists  in 
the  germ, — it  derives  its  powers  from  the  same  source,  and  its  pedi- 
gree may,  therefore,  be  traced  to  the  first  created  individual  of  each 
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species  of  animal  or  plant.  Are  we  to  conclude,  then,  that  organic 
agents  generate  organic  agents,  and  transmit  their  powers  to  their 
oiTspring  ?  Or  must  we  assume,  that,  for  each  newly  generated  ani- 
mal or  plant,  a  special  organic  agent  is  deputed  ^'  to  control  and 
direct"  its  organization,  development,  and  growth?  ^ 

The  modern  advocates  of  this  doctrine  have  been  driven  to  its 
adoption,  from  the  difficulty  (or,  as  they  conceive,  the  impossibility) 
of  explaining  the  phenomena  of  organization  and  life  on  principles 
analogous  to  those  on  which  the  changes  of  inorganic  matter  may 
be  accounted  for:  this  difficulty  consisting  in  the  supposed  existence 
of  certain  differences  in  the  mode  of  combination  of  the  elementary 
constituents  of  organic  and  inorganic  compounds,  seconded  by  the 
fact,  of  the  synthesis  of  organic  compounds  having  hitherto  baffled  the 
chemist's  art.  It  has  puzzled  themto  think  that  out  of  the  same 
elementary  and  proximate  principles,  so  infinite  a  variety  of  animals 
and  plants  could  be  formed;  and  Dr.  Prout  has  been  especially 
staggered  by  the  fact,  that  carbon  and  water,  which  contribute  so 
largely  to  the  formation  of  various  organisms,  have  never,  although 
aided  by  heat,  light,  and  electricity,  when  out  of  an  organized  body, 
and  left  entirely  to  themselves^  been  able  to  unite,  either  in  virtue  of 
their  own  properties  or  from  accident,  so  as  to  form  any  plant  or  ani- 
mal, however  insignificant.  - 

In  the  first  place,  let  it  be  observed,  that  many  of  the  phenomena 
of  life  may  be  accounted  for  on  physical  or  chemical  principles. 
The  changes  effected  in  the  air  and  in  the  blood  by  respiration,  the 
phenomena  of  absorption,  and,  in  some  degree,  those  of  secretion,  are 
the  results  of  purely  physical  processes.  It  is  in  the  highest  degree 
probable  that  many  of  the  actions  of  the  nervous  system  are  due  to 
physical  changes  in  the  two  kinds  of  nervous  matter,  substances  of 
complex  constitution  and  high  equivalent  number,  and  therefore 
prone  to  change.  .  Stomach-digestion  is  now  known  to  be  a  chemical 
solution ;  the  generation  of  heat  is  due  to  the  same  chemical  phe- 
nomenon as  will  give  rise  to  it  in  the  inorganic  world ;  and  electricity 
is  also  similarly  developed  within  the  body.  How  entirely  dependent 
on  physical  changes  are  the  senses  of  vision  and  hearing,  and  how 
completely  are  their  organs  adapted  to  the  laws  of  light  and  sound ! 
And,  doubtless,  a  further  insight  into  the  nature  of  the  various  organic 
processes  will  reveal  to  us  a  closer  analogy  between  the  laws  by  which 
ihe  two  great  kingdoms  of  nature  are  governed. 

Nor  is  there  so  great  a  chasm  between  matters  organic  and  in- 
organic, as  to  chemical  composition,  as  some  would  have  us  believe. 
It  has  already  been  shown  that  modern  chemical  research  tends  to 
prove  a  similarity  as  regards  the  mode  of  combination  of  the  ele- 
ments in  both  ;  and  the  labours  of  chemists  have  been  crowned  with 
success  in  forming  some  organic  products  by  artificial  means. — 
•'See  p.  31.) 

And  let  it  not  be  forgotten  that  the  living  laboratory  of  the  animal 
and  plant  is  one  well  stored  with  means  for  analysis  and  synthesis : 
the  continual  introduction  of  new  material  gives  full  scope  to  the  play 
of  chemical  affinity,  and  at  every  point  the  constant  attendants  of 
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chemical  action,  heat  and  electricity,  are  developed.  May  it  not 
reasonably  be  inferred  that  these  agencies,  which  the  chemist  can  so 
readily  turn  to  account  in  his  artificial  processes,  are  not  icile  in  the 
work  of  combination  and  decomposition  in  the  living  body  ?  A  great 
difference  as  to  sensible  qualities,  in  the  various  organic  products,  by 
no  means  implies  great  difference  of  chemical  constitution,  for  it  is 
well  known  that  the  addition  or  removal  of  a  single  atom  of  one  of 
the  ingredients  of  any  compound  is  sufficient  to  produce  a  substance 
with  totally  new  properties ;  and  such  is  the  complex  nature  of  organic 
molecules,  that  the  attraction  between  their  component  elements  yields 
readily  to  disturbing  causes. 

But  how  shall  we  explain  the  strange  process  of  organization,  in 
the  production  of  that  infinite  diversity  of  forms,  that  ^^  insatiable 
variety  of  Nature,"  which  is  so  conspicuous  in  the  vegetable  and 
animal  kingdoms  ?  Must  we  imagine  the  creation,  in  corresponding 
number  and  variety,  of  a  duplicate  order  of  beings,  whose  duty  it 
shall  be  to  preside  over  the  development  of  each  species,  and  to 
impress  each  with  its  peculiar  characters?  Or  does  it  not  seem 
more  consistent  with  that  grand  simplicity,  which  the  phenomena  of 
nature  everywhere  present,  to  suppose  that  the  organization  of  ani- 
mals and  plants,  in  such  great  variety,  is  the  result  of  the  primary 
endowment  of  organic  matter,  at  the  creation  of  the  first  parents  of 
each  species,  by  the  Almighty  ?  The  animal  or  vegetable  matter  of 
each  species  was  created  to  propagate  after  a  certain  fashion,  and 
after  that  only ;  the  organic  cells,  of  which  these  organisms  consist  in 
the  early  stages  of  development,  have  the  power  of  evolving  the 
adult  tissues  of  animals  and  plants  of  their  own  species  only :  the 
simple  volvox  develops,  from  its  interior,  organic  cells  which  become 
volvoces ;  and  the  cell,  which  forms  the  ovum  of  the  elephant  or  the 
mouse,  is  able,  by  an  inherent  power  of  multiplication,  to  evolve  the 
skeletons  and  organs  of  each  of  those  animals  respectively. 

/rhe  peculiar  endowments  of  the  organic  matter,  composing  the 
various  tribes  of  animals  and  plants,  are  transmitted  from  parent  to 
offspring.  But  they  admit  of  certain  modifications  under  the  influ- 
ence of  circumstances  affecting  the  parents,  as  is  proved  both  in  the 
animal  and  vegetable  kingdoms  in  the  production  of  hybrids. 
^'  Two  distinct  species  of  the  same  genus  of  plants,"  says  Dr.  Lmdley, 
*^  will  often  together  produce  an  offspring  intermediate  in  character 
between  themselves,  and  capable  of  performing  all  its  vital  functions 
as  perfectly  as  either  parent,  with  the  exception  of  its  being  unequal 
to  perpetuating  itself  permanently  by  seed ;  should  it  not  be  abso- 
lutely sterile,  it  will  become  so  after  a  few  generations.  It  may, 
however,  be  rendered  fertile  by  the  application  of  the  pollen  of  either 
of  its  parents ;  in  which  case  its  offspring  assumes  the  character  of 
the  parent  by  which  the  pollen  was  supplied."  The  same  thing 
precisely  occurs  among  animals,  and  the  mixed  offspring,  or  mule, 
produced  by  the  union  of  different  species  is  incapable  of  breeding 
with  another  mule;  but  not  so  with  an  animal  of  the  same  species  as 
either  of  its  parents.  How  entirely  inadequate  is  the  theory  of 
organic  agents  to  explain  these  occurrences ;  it  cannot,  surely,  be 
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maintained  that  a  mixed  organic  agent  is  produced  from  the  con* 
jooctioD  of  the  organic  agents  of  the  dissimilar  species  to  direct  the 
formation  g(  this  mixed  organism ! 

The  remarkable  fact,  that  the  various  tribes  of  the  human  race, 
dissimilar  as  they  are,  were  derived  from  the  first  created  pair,  may 
be  adduced  as  a  striking  illustration  of  the  influence  of  physical 

ytnej  in  modifying'  organic  development.  The  most  potent  cause 
these  chanees  has  been  climate ;  but  particular  customs  and  usages, 
GODneeted  with  the  uncivilized  state,  have  not  been  without  their 
influence.  Climate  also  produces  considerable  modifications  in  the 
sise  and  other  characters  of  the  lower  animals.  Sturm  affirms  that 
cattle  transported  from  the  temperate  zones  of  Europe  (Holland  or 
Englaiid)  to  the  East  Indies,  become  considerably  smaller  in  their 
sneceeding  generations. 

The  theory  of  organic  agents  aflbrds  no  more  satisfactory  explana- 
tioD  of  disease,  or  of  death.  In  both  cases  the  organic  agent  must 
be  at  fault;  for  as  it  is  the  sole  guide  and  controller  of  the  organizing 
process,  so  it  is  not  to  be  supposed  that  anything  can  go  astray, 
txcepi  under  its  guidance.  And  yet  it  seems  impossible  to  imagine 
that  the  ordinary  causes  of  disease  could  affect  such  an  entity.  On 
the  other  hand,  any  physical  or  mental  cause,  general  or  local,  affect- 
ing the  substance  of  which  the  body  is  composed,  may  so  alter  and 
modify  the  afiinities  of  its  particles  as  to  occasion  a  material  dis- 
turbance in  their  actions;  and  it  is  not  difficult  to  conceive  that  this 
disturbance  may  be  of  such  a  kind  as  to  put  a  stop  to  vital  action 
immediately  or  remotely. 

So  much  for  the  dependence  of  Life  and  Organization  on  a  con- 
trolling and  directing  Entity.  The  sagacity  of  John  Hunter  led  him 
to  reject  this  doctrine  entirely ;  but,  as  he  completely  passed  over  the 
inflaence  of  the  natural  agencies  of  inorganic  nature  upon  organized 
bengs,  be  was  forced  to  assume  the  presence  of  a  peculiar  material 
substance,  pervading  and  giving  vital  properties  to  solids  and  fluids : 
yet  such  a  constituent  of  the  body  ought  to  be  demonstrable  by 
ehemical  or  other  means.  It  is  clear  that  this  materia  vitiB  cannot 
be,  as  Mr.  Abemethy  suggested,  electricity,  or  anything  akin  to  it. 
Electricity  requires  for  its  development  the  reciprocal  action  of  dif- 
feient  kinds  of  matter,  and  it  is  abundantly  evolved  in  various 
animal  processes,  as  a  necessary  result  of  chemical  laws.  If,  there- 
fore, organization  and  vital  actions  depended  upon  electricity,  this 
ageat  would,  at  once,  be  formed  by,  and  direct  the  formation  of  each 
Ofsanism* 

Mere  composition  of  matter  does  not  give  life,  says  Hunter ;  if  he 
had  added,  that  organized  bodies  acted  on  by,  and  co-operating  with, 
certain  vital  stimuli,  developed  vital  actions,  there  would  have  been 
BO  need  (6t  the  assumption  of  a  materia  tntae.  The  resistance  which 
living  animals  introduced  into  the  stomach  are  capable  of  affording 
to  its  solvent  powers,  and  the  digestion  of  the  walls  of  the  stomach 
by  its  own  fluid  after  sudden  and  violent  death,  seemed  to  denote 
that  the  dead  animal,  or  dead  stomach,  had  lost  a  something  which 
previously  protected  them  against  the  influence  of  the  gastric  fluid. 
4 
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But  this  is  DO  more  than  a  case  familiar  to  chemists,  viz.,  the  influ- 
ence of  a  stronger  affinity  controlling  a  weaker.  --  When  iodide  of 
potassium  is  mixed  with  a  solution  of  starch,  no  change  ensues;  but, 
if  a  minute  quantity  of  chlorine  be  added,  a  blue  iodide  of  starch  is 
instantly  formed  ;  the  superior  affinity  of  the  iodine  for  the  potas- 
sium hindered  the  union  of  the  former  with  the  starch ;  but,  as  soon 
as  the  iodine  was  set  free  by  the  stronger  attraction  between  the 
potassium  and  the  chlorine,  it  speedily  united  with  the  starch.^^  So, 
in  the  living  animal,'the  affinity  of  its  component  particles  for  each 
other  is  greater  than  their  affinity  for  the  gastric  fluid ;  but  in  the 
dead  animal  the  former  affinity  is  destroyed,  the  latter  comes  into 
play.  }  Whether  is  it  more  philosophical  to  assume  the  removal  of  a 
particular  agent,  for  which  removal  no  cause  can  be  assigned ;  or,  to 
state  the  simple  fact  of  the  physical  diflerence  between  dead  and 
living  organic  matter  ? 

II.  It  is  very  difficult  to  define  a  precise  boundary  between  the 
vegetable  and  animal  kingdoms.  The  lowest  animals  exhibit  so  much 
of  the  plant-nature,  that  naturalists  are  as  yet  undecided  as  to  the 
true  location  of  some  species.  The  common  sponge,  for  instance,  is 
claimed  for  each  kingdom. 

'(The  various  processes  by  which  are  efiected  the  ceaseless  motion 
and  change,  so  characteristic  of  living  beings,  are  called,  in  physio- 
logical language.  Functions. 

The  functions,  which  are  common  to  all  organized  beings,  have  a 
twofold  object ;  the  preservation  of  the  individual,  and  the  propa- 
gation of  the  species.  Those  destined  for  the  former  purpose  are  thie 
J\riUritive  Functions :  those  for  the  latter  are  comprehended  under  the 
general  title  Generation.  - 

The  first  step  in  the  nutritive  functions  of  both  plants  and  animals, 
is  to  form  a  fluid,  which  contains  all  the  elements  necessary  to  nour- 
ish the  various  textures,  and  to  supply  materials  for  the  secretions. 
This  fluid  is,  in  plants,  the  sap  ;  in  animals,  the  blood. 

In  both  classes  of  beings  a  process  of  absorption  precedes  the  full 
development  of  the  nutritive  fluid :  it  is  by  this  means  that  material 
is  obtained  for  its  formation.  Within  the  plant  or  animal  it  becomes 
more  completely  elaborated. 

—  In  plants,  the  absorption  takes  place  by  the  spongioles  of  the  roots. 
A  fluid,  already  prepared  in  the  soil, — water,  holding  in  solution 
carbonic  acid  and  various  mineral  substances, — passes  through  them 
into  the  vegetable  organism,  without  undergoing  any  reduction  or 
preparation  during  its  transit.  In  animals,  however,  the  food  expe- 
riences much  change,  and  a  more  or  less  elaborate  process  of  digestion 
takes  place,  before  a  fluid  is  formed,  capable,  when  absorbed,  of 
furnishing  the  materials  of  the  blood.  ^ 

Plants,  fixed  by  their  roots  in  the  soil,  imbibe  from  it  their  nutri- 
ment. Animals,  obtaining  food  from  various  sources,  introduce  it 
into  a  digestive  cavity,  where  it  is  prepared  for  absorption. 

I  The  presence  of  a  digestive  organ,  or  stomach,  is  characteristic  of 
animals. '  The  only  instances  in  which  a  similar  organ  may  be  sup- 
posed to  exist  in  the  vegetable  kingdom  are  to  be  found  in  those 
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remarinble  modifications  of  leaves,  called  pitchers  (ascidia)  in  JVe- 
pemthes^  Sarracema^  and  Discfddia.  In  the  last  two  plants,  these 
Q^ans  certainlj  serve  to  retain  and  dissolve  the  bodies  of  insects  in 
the  fluid  which  partially  fills  them  :  in  Sarracenia,  according  to  Mr. 
Bamett,  the  fluid  contained  in  the  pitchers  is  very  attractive  to  in- 
sects, which,  having  reached  its  surface,  are  prevented  from  return- 
ing by  the  direction  of  the  lon^  bristles  that  line  the  cavity.  The 
dissolved  food  is  then  absorbed  into  the  plant. 

On  the  other  hand,  the  animal  kingdom  afibrds  some  exceptions  to 
the  presence  of  a  stomach.  In  such  animals,  the  absorption  of  nu- 
trient fluid  takes  place  by  a  general  surface.  The  Volvox  globator 
has  no  inlet  to  its  interior  but  through  the  pores  in  its  walls.  A 
parasite  of  the  human  body,  the  Jtcejmalocyst^  also  derives  its  nutri- 
ment by  imbibition  through  its  walls.  A  familiar  example  is  the 
Acephaiocyslis  endogena^  or  pill-box  hydatid  of  Hunter.  It  consists 
of  a  slobular  bag,  closed  at  all  points,  containing  a  limpid  fluid, 
capable  of  growth,  and  of  reproduction  by  the  development  of 
gemmules  from  the  inner  surface  of  the  sac.  The  Echinococcus  is 
also  nourished  by  direct  absorption  into  the  walls  of  the  globular  sac 
of  which  it  consists. 

Some  diflference  may  be  noticed  as  regards  the  nature  of  the  food 
in  animals  and  plants.  The  former  derive  their  nutriment  entirely 
from  the  organized  world,  unless,  indeed,  we  suppose  that  the  nitro- 
gen absorbed  in  respiration  contributes  to  their  sustenance.  Plants 
appropriate  inorganic  elementary  matters  for  food,  as  carbon,  car- 
bonic acid,  ammonia,  &c.  ^^  Inorganic  matter,"  says  Liebig,  ^^  afibrds 
food  to  plants;  and  Uiey,  on  the  other  hand,  yield  the  means  of  sub- 
sistence to  animals.  The  conditions  necessary  for  animal  and  vege- 
table nutrition  are  essentially  dififerefnt.  /An  animal  requires  for  its 
development,  and  for  the  sustenance  of  its  vital  functions,  a  certain 
class  of  substances  which  can  only  be  generated  by  organic  beings 
possessed  of  life.  Although  many  animals  are  entirely  carnivorous, 
yet  their  primary  nutriment  must  be  derived  from  plants;  for  the 
animals  upon  which  they  subsist  receive  their  nourishment  from 
vegetable  matter.  But  plants  find  new  nutritive  material  only  in 
inorganic  substances.  Hence  one  great  end  of  vegetable  life  is  to 
generate  matter  adapted  for  the  nutrition  of  animals  out  of  inorganic 
substances  which  are  not  fitted  for  this  purpose.^ 
'The  nutrient  fluid,  however  formed,  is  distributed  throughout  the 
textures  of  the  plant,  or  animal,  by  vital  or  physical  forces,  or  by  the 
junction  of  both ;  and  the  function,  by  which  this  is  effected,  is  called 
Gradation..  In  plants,  this  function  is  very  simple,  and  is  performed 
without  the  agency  of  a  propelling  organ ;  but,  in  the  greatest  number 
of  animals,  such  an  organ,  a  hearty  is  the  main  instrument  in  the  dis<^ 
tribntion  of  the  blood.  In  animals,  then,  there  is  a  true  circulation  ; 
the  fluid  setting  out  from,  and  returning  to,  the  same  place.  But,  in 
plants,  the  fluid  is  found  to  circulate,  or  rotate,  within  the  interior 
of  cells,  as  in  Chora  and  Vallisneriay  the  fluid  of  one  cell  not  com- 
municating with  that  of  the  adjacent  ones,  or  to  pass  up  from  the 
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i^ongioles  in  an  ascending  current,  and  to  descend  in  another  set  of 
vessels. 

But  in  many  simple  animals,  some  entozoa,  for  example,  and  poly- 
gastrica,  there  is  no  good  evidence  of  the  existence  of  any  circulation 
at  all ;  their  textures  imbibing  the  fluid  in  which  they  live. 

'  The  presence  of  atmospheric  air  is  necessary  to  the  existence  of  all 
organi^d  beings.)  The  air  both  passes  by  endosmose  into  their 
nutrient  fluids,  and  receives  from  them  certain  deleterious  gases  de- 
veloped in  their  interior.  The  function,  by  which  the  fluids  are  thus 
aerated,  is  called  Bespirqtion.  (  In  plants,  the  introduction  of  atmo- 
spheric air  conveys  nutriment  to  the  organism;  carbonic  acid  and 
ammonia  are  thus  introduced ;  the  former  is  decomposed,  its  carbon 
is  assimilated,  and  its  oxygen  is  exchanged  for  a  fresh  supply  of 
atmospheric  air.  As  the  agent  in  the  decomposition  of  the  carbonic 
acid  is  light,  it  is  evident  that  the  generation  and  the  evolution  of 
oxygen  can  take  place  only  in  the  day-time.  Consequently,  daring 
the  nieht,  the  carbonic  acid,  with  which  the  fluids  of  the  plant 
abound,  ceases  to  be  decomposed,  and  is  exhaled  by  its  leaves. 
Hence,  plants  exhale  oxygen  in  the  day-time,  and  carbonic  acid  at 
night.  \ 

In  animals,  carbonic  acid  accumulates  in  the  blood  during  its  cir- 
culation; and,  when  the  atmosphere  is  brought  to  bear  upon  the 
capillary  vesseb  containing  the  blood  charged  with  this  gas,  a  mix- 
ture takes  place  through  the  delicate  walls  of  the  vessels,  tti6  atmo- 
spheric air  passing  in,  and  carbonic  acid,  with  nitrogen  and  oxygen, 
in  certain  proportions,  escaping.  Thus  the  evolution  of  caii>onic 
acid,  and  the  absorption  of  oxygen  and  nitrogen,  are  the  character- 
istic features  of  respiration  in  animals. 

It  is  highly  interesting  to  notice,  how  plants  are  thus  subservient  to 
the  well-being  of  animals,  in  the  respiratory  function,  as  well  as  in 
preparing  nutriment  for  them.  By  their  respiration  they  serve  to 
purify  the  air  for  animals ;  for,  in  absorbing  the  carbonic  acid  from 
the  atmosphere,  they  are  continually  depriving  it  of  an  element 
which,  if  suffered  to  accumulate  beyond  certain  bounds,  would 
prove  destructive  to  animal  life. 

f  From  the  fluids  of  animals  and  plants,  certain  materials  are  sepa* 
rated  by  a  singular  process,  nearly  allied  in  its  mechanism  to  nutri- 
tion, and  called  the  function  of  Secretion,  The  secreted  matters  are 
various,  and  have  very  different  ends :  in  some  cases  being  destined 
for  some  ulterior  purpose  in  the  economy;  in  others,  forming  an 
excrement,  the  continuance  of  which  in  the  organism  would  be  pre- 
judicial to  it.. 

/The  function,  which  has  for  its  object  the  propagation  of  the  spe- 
cies, GenercUioUj  presents  many  points  of  resemblance  in  plants  and 
animals.  In  the  former  it  is  cryptogamic,  or  phanerogamic ;  in  the 
latter,  non-sexual,  or  sexual.  In  the  phanerogamic  and  sexual,  the 
junction  of  two  kinds  of  matter  furnished  by  the  parents  is  necessary 
to  the  development  of  fertile  ova.  In  the  cryptogamic  and  non- 
sexual generation,  the  new  individual  is  developed  by  a  separation  of 
particles  from  the  body  of  the  parent,  by  whuph  the  new  formation  is 
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Doaridied  until  it  bis  been  so  far  matured  as  to  be  capable  of  an 
independent  existence.  ) 

The  functions,  hitherto  enumerated,  may  be  called  organiCj  as 
being  common  to  all  organized  beings ;  but  there  are  others  which, 
as  being  peculiar  to,  and  characteristic  of,  animals,  maj  be  appro- 
priately designated  animal  functions. 

^The  prominent  characteristic  of  animals  is  the  enjoyment  of  Voli* 
Hon  or  JViU^  which  implies  necessarily  the  possession  of  Cansciousnest) 
Our  knowledge  of  the  share  which  consciousness  and  the  will  have 
in  the  production  of  certain  phenomena  of  animal  life,  is  derived 
from  die  experience  which  each  person  has  of  his  ovm  movements, 
and  a  comparison  of  them  with  the  actions  of  inferior  animals.  We 
are  conscious  that,  by  a  certain  effort  of  the  mind,  we  can  excite 
onr  muscles  to  action ;  and  when  we  see  precisely  similar  acts  per- 
formed by  the  lower  creatures,  with  all  the  marks  of  a  purpose,  it  is 
fair  to  infer  that  the  same  process  takes  place  in  them  as  in  ourselves. 
Moreover,  we  learn  bv  experience,  that  injury  or  disease  of  the 
nerves,  which  are  distributed  to  our  muscles,  destroys  the  power  of 
accomplishing  a  certain  act,  but  does  not  affect  the  desire  or  the 
wish  to  perform  it :  and  experiments  tell  us  that  the  division  of  the 
nerves  of  a  limb  in  a  lower  animal  destroys  its  power  over  that 
member ;  while  its  ineffectual  struggles  to  move  the  limb  obviouslv 
indicate  that  the  will  itself  is  not  affected  by  the  bodily  injury,  thougn 
i^  powers  are  limited  by  it. 

Again,  certain  external  agents  are  capable  of  affecting  the  mind, 
through  certain  organs,  thus  giving  rise  to  Sensations)  Light,  sound, 
odour,  the  sapid  qualities  of  bodies,  their  various  mechanical  pro- 
perties, hardness,  softness,  &c.,  are  respectively  capable  of  producing 
corresponding  affections  of  the  mind,  which  experience  leads  us  to 
associate  with  their  exciting  causes,  and  which  may  be  agreeable,  and 
produce  pleasure^  or  the  reverse,  and  give  rise  to  pain. 

In  a  similar  way  to  that  by  which  we  learn  that  the  will  stimulates 
our  muscles  through  the  nerves,  we  can  ascertain  that  the  nerves  are 
the  channels  through  which  our  sensations  also  are  excited.  ^^  Certain 
states  of  our  bodily  organs  are  directly  followed  by  certain  states 
or  affections  of  our  mind  ;  certain  states  or  affections  of  our  mind  are 
directly  followed  by  certain  states  of  our  bodily  organs.  The  nerve 
of  sight,  for  example,  is  affected  in  a  certain  manner;  vision,  which 
is  an  affection,  or  state  of  the  mind,  is  its  consequence.  I  will  to 
move  my  hand  ;  the  hand  obeys  my  will  so  rapidly,  that  the  motion, 
though  truly  subsequent,  seems  almost  to  accompany  my  volition, 
rather  than  to  follow  it."  (Dr.  Brown.  Philosophy  of  the  Human 
Mnd,  p.  106.) 

And  in  all  the  inferior  animals,  possessed  of  like  organs,  there  can 
be  no  doubt  that  sensations  may  be  produced  similar  to  those  which 
arise  in  the  human  mind.  In  many  of  them,  indeed,  the  sense  of  sight, 
hearing,  or  smell  seems  much  more  acute  than  in  roan,  and  affords 
examples  of  a  beautiful  and  providential  provision  for  the  peculiar 
sphere  which  the  creatures  are  destined  to  occupy.  The  unerring 
precision  of  the  beast  or  bird  of  prey  in  pouncing  upon  its  victim — 
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the  accuracj  with  which  the  hound  tracks  by  its  scent  the  object 
of  its  pursuit — or,  the  quickness  with  which  most  of  our  domestic 
animals  detect  sounds  and  judge  of  their  direction,  are  familiar 
illustrations  of  the  superiority  of  these  senses  in  animals  whose  gene- 
ral organization  is  inferior  to  that  of  man. 

There  are  few  animals,  however  small  and  insignificant,  in  which 
we  cannot  recognize  evidence  of  a  controlling  and  directing  will. 
But  even  in  those  few,  in  which  voluntary  movements  are  not  dis^ 
tinctly  to  be  discerned,  the  presence  of  a  special  system  of  organs, 
with  which  in  the  higher  animals  volition  and  sensation  are  associ- 
ated, namely,  a  nervous  system^  serves  as  a  characteristic  distinction 
from  plants. 

A  power  of  perception,  and  a  power  of  volition,  together  constitute 
our  simplest  idea  of  Mind  ;  the  one  excited  through  certain  corporeal 
organs,  the  other  acting  on  the  body.  Throughout  the  greatest  part 
of  the  animal  creation  mental  power  exists,  ranging  from  this  its 
lowest  degree — a  state  of  the  blindest  instinct,  prompting  the  animal 
to  search  for  food — to  the  docility,  sagacity,  and  memory  of  the  brute ; 
and  to  its  highest  state,  the  reasoning  powers  of  man. 

The  phenomena  of  Mind,  even  in  their  simplest  degree  of  deve- 
lopment, are  so  distinct  from  anything  which  observation  teaches 
us  to  be  produced  by  material  agency,  that  we  are  bound  to  refer 
them  to  a  cause  different  from  that  to  which  we  refer  the  phenomena 
of  living  bodies.  Although  associated  with  the  body  by  some  un- 
known connecting  link,  the  mind  works  quite  independently  of  it ; 
and,  on  the  other  hand,  a  large  proportion  of  the  bodily  acts  are 
independent  of  the  mind.  The  immortal  Soul  of  man,  divina parti- 
add  aum^  is  the  seat  of  those  thoughts  and  reasonings,  hopes  and 
fears,  joys  and  sorrows,  which,  whether  as  springs  of  action,  or  mo- 
tions excited  by  passing  events,  must  ever  accompany  him  through 
the  checkered  scene  in  which  )ie  is  destined  to  play  his  part  during 
his  earthly  career. 

Although  the  animals,  inferior  to  man,  exhibit  many  mental  acts 
in  common  with  him,  they  are  devoid  of  all  power  of  abstract  rea- 
soning. "  Why  is  it,"  says  Dr.  Alison,  **  that  the  monkeys,  who 
have  been  observed  to  assemble  about  the  fires  which  savages  have 
made  in  the  forests,  and  been  gratified  by  the  warmth,  have  never 
been  seen  to  gather  sticks  and  rekindle  them  when  expiring.^  Not, 
certainly,  because  they  are  incapable  of  understanding  that  the  fire 
which  warmed  them  formerly  will  do  so  again,  but  because  they  are 
incapable  of  abstracting  and  reflecting  on  that  quality  of  wood,  and 
that  relation  of  wood  to  fires  already  existing,  which  must  be  com- 
prehended, in  order  that  the  action  of  renewing  the  fire  may  be  sug- 
gested by  what  is  properly  called  an  effort  of  reason." 

Yet  animals  are  guided  by  Instinct  to  the  performance  of  certain 
acts  which  have  reference  to  a  determinate  end :  they  construct 
various  mechanical  contrivances,  and  adopt  measures  of  prudent 
foresight  to  provide  for  a  season  of  want  and  difficulty.  None  of 
these  acts  could  be  effected  by  man  without  antecedent  reasoning, 
experience,  or  instruction.     But  animals  do  them  without  previous 
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assistance;  and  the  young  and  inexperienced  are  as  expert  as  those 
which  have  frecjuently  repeated  them.  ^^  An  animal  separated  im- 
mediately after  its  birth  from  all  communication  with  its  kind,  will 
yet  perform  every  act  peculiar  to  its  species,  in  the  same  manner,  and 
with  the  same  precision,  as  if  it  had  regularly  copied  their  example, 
and  been  instructed  by  their  society.  The  animal  is  guided  and 
governed  by  this  principle  alone ;  by  this  all  its  powers  are  limited, 
and  to  this  all  its  actions  are  to  be  ultimately  referred.  An  animal 
can  discover  nothing  new;  it  can  lose  nothing  old.  The  beaver 
constructs  its  habitation,  the  sparrow  its  nest,  the  bee  its  comb, 
neither  better  nor  worse  than  they  did  five  thousand  years  ago.'' 

In  plants  there  is  no  nervous  system ;  there  are  no  mental  pheno- 
mena. The  motions  of  plants  correspond  in  some  degree  with  those 
movements  of  animals  in  which  neither  consciousness  nor  nervous 
influence  participates.  Such  movements  are  strictly  organic,  and 
result  from  physical  changes  produced  directly  in  the  part  moved. 
Amongst  the  most  interesting  examples  of  these  movements  are  those 
of  the  Mimosa  pudica^  the  Dionaa  muscipulaj  and  the  Berheris, 

III.  It  is  the  province  of  Physiology  to  investigate  the  ways  in 
which  the  functions  of  living  beings  are  eflected ;  and  this  investiga- 
tion naturally  involves  the  examination  of  their  mechanism,  of  the 
chemical  constitution,  and  of  the  properties  of  their  component  tex- 
tures. The  study  of  Anatomy  must  always  accompany  that  of  Phy- 
siology, on  the  principle  that  we  must  understand  the  construction  of 
a  machine  before  we  can  comprehend  the  way  in  which  it  works. 
The  history  of  physiology  shows  that  it  made  no  advance  until  the 
progress  of  anatomical  knowledge  had  unfolded  the  structure  of  the 
body.  There  is  so  much  of  obvious  mechanical  design  in  the  inti- 
mate structure  of  the  various  textures  and  organs,  that  the  discovery 
of  that  structure  opens  the  most  direct  road  to  the  determination  of 
their  uses.  That  kind  of  anatomy  which  investigates  structure  with 
a  special  view  to  function  may  be  properly  designated  Physiological 
Anatomy. 

A  correct  physiology  must  ever  be  the  foundation  of  rational  medi- 
cine. He  who  is  ignorant  of  the  proper  construction  of  a  watch, 
and  of  the  nature  of  the  materials  of  which  it  is  made,  could  not 
find  out  in  what  part  its  actions  were  faulty,  and  would  therefore  be 
very  unfit  to  be  entrusted  with  repairing  it.  In  medicine,  the  first 
step  towards  the  cure  of  disease  is  to  find  out  what  the  disease  is  and 
where  it  is  situate  {diagnosis).  Without  a  knowledge  of  the  offices 
which  various  parts  fulfil  in  the  animal  economy,  our  search  to 
determine  what  organ  or  function  is  deranged  must  be  most  vague 
and  indefinite.  Pathology  is  the  physiology  of  disease ;  and  it  is 
obvious,  that  no  pathological  doctrines  can  command  confidence, 
which  are  not  founded  upon  accurate  views  of  the  natural  functions. 
It  is  also  certain  that  improvements  in  pathology  must  follow  in  the 
wake  of  an  advancing  physiology. 

The  practice  of  medicine  and  surgery  abounds  with  examples, 
illustrating  the  immense  benefits  which  physiology  has  conferred 
apon  the  healing  art.     The  great  advance  which  has  been  made 


48  MOTIONS  OF  PLANTSw— IMPORTANCE  OP  PHT8I0L00T. 

of  late  years  in  the  pathology  of  nervous  diseases,  is  mainly  owing 
to  the  discoYeries  of  Bell,  and  many  others,  in  the  functions  of  Tari<^ 
ous  nerves,  and  the  general  doctrines  of  nervous  actions.  We  may 
instance  the  case  of  the  facial  nerve — the  portio  dura  of  the  seventh  pair. 
It  was  supposed  formerly  that  this  nerve  was  the  seat  of  that  painful 
disease,  called  tic  douloureux^  and  section  of  it  has  been  performed 
for  the  relief  of  the  patient.  It  is  now  known  that  this  nerve  could 
not  be  the  seat  of  a  very  painful  disease,  for  it  is  itself,  in  a  very 
great  degree,  devoid  of  sensibility.  It  need  hardly  be  added,  that 
the  operation  is  discarded. 

The  dangerous  disease,  to  which  many  children  have  fallen  vic- 
tims, laryngismus  stridulus  or  crowing  inspiration^  although  admira- 
bly described  by  practical  physicians,  was  never  properly  understood 
until  the  functions  of  the  laryngeal  nerves  were  dearly  ascertained, 
and  until  it  had  been  shown  that  spasmodic  actions  may  be  excited 
by  irritation  of  a  remote  part,  or  through  a  stimulus  reflected  from 
the  nervous  centre.  It  is  now  known,  that  this  disease  has  not  its 
seat  in  the  larynx,  where  those  spasms  occur  which  excite  so  much 
alarm  for  the  fate  of  the  little  patient ;  but  that  it  is  an  irritation  of  a 
distant  part,  which  derives  its  nerves  from  the  same  region  of  the 
cerebro-spinal  centres  with  the  larynx, — that  the  afferent  nerves  of 
that  part  convey  the  irritation  to  the  centre,  whence  it  is  reflected  by 
certain  efferent  nerves  to  the  muscles  of  the  larynx. 

The  accurate  diagnosis  of  diseases  of  the  heart  rests  entirely  upon 
a  correct  knowledge  of  the  physiology  of  that  organ.  This  improve- 
ment in  medicine  may  be  said  to  date  from  the  time  of  Harvey,  for 
he  was  the  first  who  clearly  expounded  the  mechanism  of  the  central 
organ  of  the  circulation.  But  the  application  of  auscultation  to  the 
exploration  of  the  sounds  developed  in  its  action,  and  the  correct 
interpretation  of  those  sounds  in  health  by  the  experiments  and 
observations  of  the  last  few  years,  have  almost  completely  removed 
whatever  difficulties  stood  in  the  way  of  the  detection  of  cardiac 
maladies. 

We  are  not  less  indebted  to  the  illustrious  Englishman,  who  dis- 
covered the  circulation  of  the  blood,  for  having  paved  the  way  to  a 
rational  treatment  of  aneurismal  and  wounded  arteries  by  the  modem 
operation  of  placing  a  ligature  between  the  heart  and  the  seat  of  the 
disease  or  injury.;  "The  active  mind  of  John  Hunter,"  says  Mr. 
Hodgson,  "  guided  by  a  deep  insight  into  the  powers  of  the  animal 
economy,  substituted  for  a  dangerous  and  unscientific  operation,  an 
improvement  founded  upon  a  knowledge  of  those  laws  which  influ- 
ence the  circulating  fluids  and  absorbent  system ;  and  few  of  his 
brilliant  discoveries  have  contributed  more  essentially  to  the  benefit 
of  mankind.'' 

In  investigating  the  functions  of  the  human  body,  the  physiologist 
cannot  do  better  than  follow  the  instructions  laid  down  by  Haller  in 
the  preface  to  his  invaluable  work,  "Elementa  Physiologiee  Corporis 
Humani." 

The  first  and  most  important  step  towards  the  attainment  of  physi- 
ological knowledge,  is  the  study  of  the  fabric  of  the  human  body. 


IlfPORTANCE  OF  ,COMPARATITE  ANATOlffT.  4g 

'^  Et  primikm,"  says  Haller,  ^'  cognoscenda  est  fabrica  corporis  hu- 
Hiani,  cajiis  pene  iofinitse  partes  sunt.  Qai  physiologiam  ab  anatome 
avellere  atuduerunt,  ii  certe  mihi  yidenturi  cum  mathematicis  posse 
comparaii  qui  machinse  alicujus  vires  et  functiones  calculo  exprimere 
suscipiunt,  cujus  neque  rotas  cognitas  habent,  neque  tympana,  neque 
mensuras,  neque  materium." 

A  knowledge  of  human  anatomy  alone  is,  however,  not  sufficient 
to  enable  us  to  form  accurate  views  of  the  functions  of  the  various 
organs.  Before  an  exact  judgment  can  be  formed  of  the  functions  of 
most  parts  of  living  bodies,  Haller  says,  that  the  construction  of  the 
same  part  must  be  examined  and  coihpared  in  man,  in  various  quad- 
rupeds, in  birds,  in  fishes,  and  even  in  insects.  And,  in  proof  of 
the  value  which  attaches  to  this  knowledge  of  con^raHve  anatomy^ 
he  shows  how,  from  that  science,  it  may  be  determined  that  the  liver 
is  the  omn  which  secretes  bile;  and  that  the  bile  found  in  the 
gall-bladder  is  not  secreted  by,  but  conveyed  to,  that  organ :  for 
no  animal  has  a  gall-bladder  without  a  liver,  although  many  have 
a  liver  without  a  gall-bladder ;  and,  in  every  case  where  a  gall-blad- 
der is  present,  it  has  such  a  communication  with  the  liver,  that  the 
bile  secreted  by  the  latter  may  be  easily  transferred  to  the  former. 
*<  Vides  adeo,"  he  adds,  ^^  bilem  hepate  egere,  in  quo  paretur,  vesi- 
cula  Don  egere,  non  ergo  in  vesicula  nasci,  ex  hepate  vero  in  vesicu- 
lum  transire." 

And  Cuvier  has  happily  compared  the  examination  of  the  compara-  ' 
tive  anatomy  of  an  organ,  in  its  gradation  from  its  most  complex  to 
its  simplest  state,  to  an  experiment  which  consists  in  removing  suc- 
cessive portions  of  the  organ,  with  a  view  to  determine  its  most 
essential  and  important  part.  In  the  animal  series  we  see  this 
experiment  performed  by  the  hand  of  nature,  without  those  dis- 
turbances which  mechanical  violence  must  inevitably  produce.  We 
thus  learn,  from  comparative  anatomy,  that  the  vestibule  is  the  funda- 
mental part  of  the  organ  of  hearing ;  and  that  the  other  portions,  the 
semicircular  canals,  the  cochlea,  the  tympanum  and  its  contents,  are 
so  many  additions  made  successively  to  it,  according  as  the  increas- 
ing perceptive  powers  of  the  animals  render  a  more  delicate  acoustic 
organ  necessary.  In  a  similar  manner  we  learn,  that  one  portion 
of  the  nervous  system,  in  those  animals  in  which  it  has  a  definite 
arrangement,  is  pre-eminently  associated  with  the  mental  principle, 
and  is  connected  with,  and  presides  over,  the  other  parts.  This 
organ,  the  brain,  is  always  situate  at  the  anterior  or  cephalic  ex- 
tremi^  of  the  animal,  and  with  it  are  immediately  connected  the 
organs  of  the  senses,  the  inlets  to  perception.  We  soon  find  that 
the  brain  exhibits  a  subdivision  into  distinct  parts ;  and  of  the  rela- 
tive importance  of  these  parts,  and  their  connection  with  the  organs 
of  sense,  and  with  the  intellectual  functions,  we  derive  the  most 
important  information  from  the  study  of  comparative  anatomy. 

Haller  further  assigns  the  examination  of  the  living  animal  as  a 
valuable  aid  in  physiological  research.  Doubtless,  many  obscure 
points  have  been  elucidated  by  experiments  on  living  animals,  and 
discoveries  have  been  made  which  have  greatly  contributed  to  ihe 
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progress  of  physiology ;  but  the  best  physiologists  are  ever  reluctant 
to  interrogate  nature  in  this  way,  knowing  that  replies  elicited  by 
torture  are  rarely  to  be  depended  upon.  Very  useful  knowledge  may 
be  derived  from  observing  the  play  of  certain  functions  in  living 
animals,  or  in  Man  himself, — contrasting  them  in  various  individuals, 
and  noting  the  effects  of  age,  sex,  and  temperament,  and  ascertaining 
the  influence  which  other  conditions,  natural  or  artificial,  may  exert 
upon  them. 

The  investigation  of  disease,  both  during  life  and  after  death,  is  of 
great  value  to  enable  us  to  appreciate  the  action  of  an  organ  in 
health.  If,  for  example,  as  Haller  remarks,  a  particular  function  be 
ascribed  to  ia  certain  part,  how  can  there  be  a  more  favourable  oppor- 
tunity of  testing  the  accuracy  of  such  a  doctrine  than  by  the  exami- 
nation of  a  body  in  which  that  part  was  afiected  with  a  disease,  of 
which  the  previous  history  was  known  ?  If  the  function  in  question 
had  been  vitiated,  or  destroyed,  it  may  be  fairly  presumed  to  have 
had  its  seat  in  the  diseased  organ..  Nothing  has  contributed  more 
largely  to  determine  the  functions  of  particular  nerves,  than  exact 
histories  of  the  symptoms  during  life,  in  cases  in  which  they  had 
been  found,  ajler  death,  in  a  diseased  condition. 

For  exploring  the  minute  structure  of  various  textures,  the  ana- 
tomical elements  of  the  body,  Haller  advises  the  use  of  the  MicfXh 
scope.  The  great  improvements  which  modern  opticians  have  ac- 
complished, not  only  in  the  dioptric  ]f\xt  also  in  the  mechanical 
adjustments  of  this  instrument,  render  it  an  invaluable  adjuvant  in 
physiological  research.  W^  shall  have  frequent  occasion  in  the  fol- 
lowing pages  to  refer  to  anatomical  analyses,  effected  by  the  micro- 
scope, of  the  utmost  value  to  the  knowledge  of  function.  It  may, 
however,  be  remarked,  that,  as  the  sources  of  fallacy  are  numerous 
even  with  the  best  instruments,  more  depends  upon  the  observer 
himself,  in  this  kind  of  investigation,  than  in  almost  any  other. 

The  great  impediment  to  deriving  correct  inferences  from  micro- 
scopical observations  has  arisen  from  the  discordance,  too  appareiii, 
in  the  narrations  of  different  observers.  This  discordance  has  been 
the  result  of  a  twofold  cause;  namely,  imperfection  of  the  instru- 
ments, and  the  very  unequal  qualifications  of  different  observers. 
The  former  cause  is  now  almost  completely  removed ;  the  latter  must 
remain,  while  men  imperfectly  appreciate  their  own  abilities  for  par- 
ticular pursuits. 

To  make  microscopical  observation  really  beneficial  to  physiologi- 
cal science,  it  should  be  done  by  those  who  possess  two  requisites : 
an  eyBj  which  practice  has  rendered  familiar  with  genuine  appearances 
as  contrasted  with  those  produced  by  the  various  aberrations  to  which 
the  rays  of  light  are  liable  in  their  passage  through  highly  refracting 
media,  and  which  can  quickly  distinguish  the  fallacious  from  the  real 
form ;  and  a  mind^  capable  of  detecting  sources  of  fallacy,  and  of 
understanding  the  changes  which  manipulation,  chemical  reagents,  and 
other  disturbing  causes  may  produce  in  the  arrangement  of  the  ele- 
mentary parts  of  various  textures. 

To  these  we  will  add  another  requisite,  not  more  important  for 
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microscc^ical  than  for  other  inquiries;  namely,  a  freedom,  from  pre- 
conceired  views  or  notions  of  particular  forms  of  structure,  and  an 
absence  of  bias  in  fiivour  of  certain  theories,  or  strained  analogies. 
The  history  of  science  affords  but  too  many  instances  of  the  baneful 
influence  of  the  idola  spec&s  upon  the  ablest  minds;  and  it  seems 
reasonable  to  expect  that  such  creatures  of  the  fancy  would  be  espe- 
cially prone  to  pervert  both  the  bodily  and  the  mental  vision,  in  a 
kind  of  observation  which  is  subject  to  so  many  causes  of  error,  as 
that  conducted  by  the  aid  of  the  microscope. 

Finally,  the  sagacious  Haller  perceived  how  necessary  to  the 
furtherance  of  physiology  is  a  knowledge  of  Organic  Chemistry;  and 
we  could  adduce  many  instances  to  prove,  that  the  attention,  which 
has  of  late  vears  been  paid  to  this  subject,  has  not  been  without  its 
fruit,  in  giving  us  an  insight  into  the  nature  of  many  functions,  which, 
without  it,  we  could  not  have  obtained. 

In  the  living  body  the  most  delicate  chemical  processes  are  nn- 
ceasinglv  going  on,  for  the  formation  of  new  compounds  and  the 
destruction  or  alteration  of  old  ones.  It  js  evident  that  no  progress 
can  be  made  in  the  investigation  of  these  invisible  processes,  unless 
ve  can  arrive  at  an  exact  knowledge  of  the  chemical  composition 
of  the  various  substances  which  are  employed  in  them. 
"  Henceforward,  in  physiological  research,  anatomical  and  chemical 
analysis  must  go  hand  in  hand :  the  former  to  ascertain  the  minute 
mechanism  of  the  various  processes ;  the  latter,  to  determine  the 
nature  of  the  affinities  by  which  the  syntheses  and  analyses  of  the 
living  laboratory  are  effected^) 

In  the  comp«8ition  of  the  preceding  chapter  we  ha^e  to  acknowledge  Talnable 
aid  derived  from  the  followini;  works: — Haller,  Elementa  Physiologise  Corporis 
HainaDi;  Barclay  oo  Life  and  Organization;  Roberton  on  Life  and  Mind;  Prichard 
oa  the  Doctrine  of  a  Vital  Principle;  Dr.  Carpenter's  article  Life,  and  Dr.  Alison's 
article  Instinct,  in  the  Cyclopaedia  of  Anatomy  and  Physiology;  Remarks  on  Skep- 
ticism, by  ihc>. Rev. Thomas  RenneU;  Daniell's  Chemistry;  Graham's  Chemistry. 


CHAPTER  I. 

SOLID  AND  FLUID  CONSTITUENTS  OF  ANIMAL  BODIES. PROXIMATE  PRIN- 
CIPLES.  SECONDARY  ORGANIC  COMPOUNDS. CLASSIFICATION  OF  THE 

TISSUES. DEVELOPMENT  OF  THE  TISSUES   FROM  CELLS. PROPERTIES 

OF  THE  TISSUES. 

Animal  bodies  are  composed  of  solids  and  fluids.  The  former 
constitute  the  various  textures  and  viscera;  the  latter,  the  blood, 
lymph,  chyle,  and  the  liquid  secretions  of  glands,  contained  either  in 
their  excretory  ducts  or  in  special  reservoirs. ' 

'The  solid  textures  contain  only  about  one- fourth  of  solid  matter, 
the  rest  is  water.^  The  great  shrinking  which  they  experience,  wh^n 
dried,  shows  how  much  of  their  bulk  they  owe  to  this  combination ; 
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and  parta  thus  shrunken  swell  out  again^  and  assume  their'  natural 
condition  on  the  addition  of  water.  The  mummy  of  a  large  man  is 
of  a  very  trifling  weight.  Biuraenbach  possessed  the  entire  perfeeUy 
dry  mummy  of  a  Guanche  or  aboriginal  inhabitant  of  Tenenflfe,  pre* 
sented  to  him  by  Sir  Joseph  Banks,  which|  with  all  its  muscles  and 
▼iscera,  weighed  onl/ seven  pounds  and  a  half.' 

Water  is  one  of  the  most  important  constituents  of  animal  bodies. 
It  forms  four-fifths  of  their  nutrient  fluid,  the  blood ;  and  it  gives  more 
or  less  of  flexibility  and  softness  to  the  various  solid  textures.  The 
loss  of  it  in  great  quantity  speedily  puts  a  stop  to  vital  action,  as  may 
be  easily  shown  in  the  lower  animals ;  and  some  animalcules,  in  which 
all  appearance  of  life  mav  have  ceased  on  being  deprived  of  k,  will 
revive  on  its  being  supplied  to  them  again.  It  is  a  solvent  of  many 
organic  matters;  some  also  are  suspended  in  it:  it  is,  therefore,  a 
valuable  medium  for  conveying  these  substances  to  the  several  tex- 
tures and  organs.  It  plays  a  most  important  part  in  the  various 
chemical  operations  of  the  body ;  and  its  addition  to,  or  subtraction 
from  a  particular  compound  is  capable  of  converting  it  into  a  substance 
of  very  different  properties. 

By  anatomico-physiological  analysis  we  separate  the  solids  and  fluids , 
of  the  body  into  their  various  kinds,  and  classify  and  arrange  them 
according  to  their  characters  and  properties. 

By  chemical  means  we  obtain  from  them  a  class  of  substances, 
called  proximate  principksj  substances  but  one  step  removed  from  the 
organized  tissue,  some  of  which  are  held  in  solution  in  the  blood. 
These,  in  combination  with  sulphur,  phosphorus,  and  other  simple 
substances  (incidental  elements),  and  salts,  form  the  material  out  of 
which  the  organized  tissues  are  framed. 

The  general  chemical  constitution  of  these  proximate  principles 
has  already  been  discussed  in  the  Introduction  ;  and  they  have  been 
distinguished  from  another  class  of  organic  substances,  the  secondary 
organic  compounds^  among  which  we  must  particularize  those  which 
are  formed  by  chemical  action  in  the  living  organism,  from  materials 
furnished  by  it.  These  are  found  in  various  secreted  fluids,  and  are 
easily  obtained  from  them,  either  by  spontaneous  separation,  or  by 
simple  chemical  means ;  and  they  must  not  be  confounded  with  a  vast 
variety  of  compounds,  which  the  chemist  can  create  at  will  both  from 
them  and  from  the  proximate  principles,  through  the  affinities  of  vari- 
ous chemical  substances  for  them. 

The  following  table  contains  a  list  of  substances  which,  in  the  * 
present  state  of  our  knowledge,  may  be  properly  assigned  to  the  two 
classes  of  organic  compounds,  to  which  allusion  has  been  made : 
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Albumen,'^ 

Fibrine,    v  Compounds  of  Proteine. 

Gaseine,  j 

Gelatine. 

Chondrine. 

Elaine. 

Stearine. 

Margarine. 

Hnmatosifie. 

Olobuline. 


SICOITDABT  OBOAiriC  COMFOUNDS. 

Uric  or  Lithic  acid  ;?'»**"''°«- 

Cbolesterine ;  in  the  Bile. 

Biliary  matters. 

Pepsine;  in  the  Gastric  Jaice. 

Sugar  of  milk. 

Lactic  acid. 
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According  to  Mulder,  this  principle  yields  the  following  elements 
in  one  hundred  parts : 

Nitrogen        ...        .        .        •      16-83 
Carbon      .        •        •        p        .        .  54*84 

Hydrogen -7^9 

Oxygen 21*23 

Phosphorus 0-83 

Snlphtkr (h68 

100*00 

2.  Fibrine. — This  proximate  principle  forms  the  basis  of  the  mus- 
cles ;  and  is,  therefore,  the  chief  constituent  of  the  flesh  of  animals, 
in  which  it  is  found  in  the  solid  form.  It  exists  in  a  state  of  solution, 
in  the  serum  of  the  blood,  forming,  with  that  fluid,  the  liquor  son* 
gtdnie  of  Dr  Babineton,  in  the  lymph,  and  in  the  chyle.  It  is  a  con* 
stituent  of  the  exudation  (coa^ulable  lymph)  which  forms  on  certain 
surfaces,^  as  the  result  of  the  inflammatory  process,  and  it  sometimes 
occurs  in  dropsical  fluids. 

Fibrine  is  distinguished  from  the  other  proximate  principles,  by  its 
remarkable  property  of  spontaneous  coagulation.  When  blood  is  drawn 
from  a  vein,  and  allowed  to  rest,  it  speedily  separates  into  a  solid  por- 
tion, the  crassamentum  or  clot^  and  a  fluid  portion,  the  serum.  The 
former  consists  of  fibrine,  with  the  red  particles  entangled  in  it  during 
its  coagulation.  It  sometimes  happens,  that,  owing  to  an  unusuu 
aggregation  of  the  red  particles  together,  and  to  their  more  speedy 
precipitation,  a  portion  of  fibrine  on  the  surface  coagulates  without 
enclosing  the  colouring  matter.  A  yellowish-white  layer  forms  the 
upper  stratum  of  the  crassamentum,  and  this  is  called  the  bt^y  coai 
or  injlammaiory  crust.  It  is  an  example  of  nearly  colourless  fibrine, 
but  contains  also  peculiar  globules. 

We  may  obtain  fibrine  in  a  state  of  considerable  purity,  by  cutting 
the  crassamentum  into  slices,  and  washing  them  in  clean  water  so  as  to 
dissolve  out  the  colouring  matter;  or  by  briskly  stirring,  with  a  bundle 
of  twigs,  blood  as  it  flows  from  a  vein :  the  fibrine  coagulates  upon  the 
twigs  in  small  portions,  which,  being  washed,  aflbrd  good  specimens 
of  colourless  fibrine ;  by  digesting  afterwards  in  alcohol  and  ether,  the 
adhering  impurities  are  got  rid  of.  Another  mode  of  obtaining  this 
substance  is  that  suggested  by  Muller,  namely,  to  filter  frogs'  blood, 
the  red  particles  of  which  being,  too  large  to  permeate  the  pores  of 
the  filter,  the  liquor  sanguinis  passes  through  in  a  colourless  state,  and 
its  fibrine  coagulates  free  from  colouring  matter.  Sometimes  we  obtain 
masses  of  fibrine,  great  part  of  which  is  colourless,  from  the  cavities 
of  the  heart,  and  from  the  large  arteries,  after  death.  It  is  also  accu- 
mulated, and  disposed  in  a  peculiar  lamellar  form,  in  the  sacs  of  old 
aneurisms. 

Pure  fibrine  is  white,  tasteless,  and  inodorous;  it  tears  into  thin 
lamins,  which  are  transparent,  and  it  is  remarkably  elastic ;  by  dry- 
ing, it  becomes  yellow,  hard,  and  brittle,  and  loses  three-fourths  of 
its  weight,  but  imbibes  water  agaih  when  moistened :  it  is  insoluble 
in  both  hot  and  cold  water,  in  alcohol,  and  in  ether.  By  long-con- 
tinued boiling  in  water,  its  composition  is  changed,  and  it  becomes 
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soluble.  Strong  acetie  acid  converts  it  into  a  jelly-like  mass,  whioh 
is  sparingly  soluble  in  ivater.  All  the  alkalies  dissolve  fibrine.  Any 
of  these  solvents  of  fibrine  will  prevent  the  coagulation  of  blood, 
which  has  been  allowed  to  drop  into  it  as  it  flows  from  the  blood- 
vessels. 

Fibrine  is  dissolved  by  cold  concentrated  muriatic  acid,  and,  if 
kept  at  a  cool  temperature  for  twenty-four  hours,  the  solution  acquires 
an  indigo-blue  colour.  Albumen,  similarly  treated,  assumes  a  violet 
colour. 

Caustic  potash,  common  salt,  carbonate  of  potash,  and  many  neu- 
tral salts,  when  mixed  in  certain  quantities  with  the  blood,  have  the 
property  of  preventing  the  coagulation  of  its  fibrine.* 

Wesnbjointhe  ultimate  analysis  of  fibrine,  as  given  by  Mulder.  In 
one  hundred  parts,  he  found 

Nitrogen 16*72 

Cartoon     •       .       ...        .  64*66 

Hydrogen 6*90 

Oxygen 92*13 

Phosphoms  •       .       .        .       .  0-33 

Sulphur    •        •        •        •        •        •  0-86 

100*00 

3.  Caseine. — This  principle  has  many  properties  in  common  with 
albumen  and  fibrine.  It  is  found  abundantly  in  milk ;  its  occurrence 
in  other  fluids  has  not  been  positively  determined.  The  curd,  which 
is  formed  by  heating  milk  in  which  a  free  acid  existed,  consists  of  a 
combination  of  caseine  with  the  acid.  Heat  alone  will  not  efiect  the 
precipitation  of  the  curd  ;  but  the  addition  of  a  little  acid  of  any  land 
will  occasion  it. 

When  dilute  sulphuric  acid  is  added  to  skimmed  milk,  a  precipi- 
tate occurs,  which  is  sulphate  of  caseine.  By  digesting  the  clot,  thus 
formed,  with  water  and  carbonate  of  lime,  the  acid  combines  with  the 
lime,  and  the  caseine,  set  free,  dissolves  in  the  water,  and  may  be 
obtained  by  evaporation. 

Caseine  is  coagulated  very  perfectly  by  the  action  of  rennet  (the 
fourth  or  true  digesting  stomach  of  the  calf)  aided  by  heat.  This 
power  of  coagulating  caseine  is  not  to  be  attributed  to  the  acid  of  the 
calfs  stomach,  but  to  the  organic  principles  (pepsine)  resident  in  it ; 
for  the  power  remains  after  all  evidence  of  acid  reaction  has  been 
removed.  This  is  one  of  the  most  powerful  agents  in  causing  the 
coagulation  of  caseine,  and  it  has  been  employed  in  domestic  economy 
for  the  manufacture  of  cheese,  which  consists  of  the  curd  mixed  with 
butter,  compressed  and  dried.  So  perfect  is  the  coagulating  power 
of  rennet,  that  not  a  particle  of  caseine  in  milk  submitted  to  its  action 
will  remain  uncoacrulated. 

Caseine  comports  itself  with  reagents  m  a  manner  very  similar  to 
albumen.  In  the  coagulated  state  it  is  insoluble  in  water,  but  soluble 
in  liquor  potasss.  It  is  not  precipitated  by  heat  alone,  in  which 
respects  it  differs  from  albumen.   Acetic  acid,  which  will  not  precipi- 

•  8ee  farther  observations  on  the  results  of  the  examination  of  fibrin  by  the  micro- 
seope,  ia  the  chapter  on  the  Blood. 
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late  albumen)  causes  the  coagulation  of  caseine^  and  an  ezceatf 
again  dissolves  it. 

Caseine  contains  sulphur,  but  no  phosphorus.  ^  : 

Mulder's  ultimate  analysis  is  as  follows: 

Nitrogen 15-96 

Carbon S5*10 

Hydrogen      .        .       ..       .    /  .  6*97 

Oxygen 21-68 

Salphar        .*      •       .       .       •  0*86 

lOOKK) 

If  albumen,  or  fibrine,  or  caseine  be  dissolved  in  a  moderatd) 
solution  of  caustic  potash,  and  exposed  for  some  time  to  a  hij 
perature,  it  becbmes  decomposed ;  and  if  acetic  acid  be  now 
a  precipitate  takes  place  of  a  gelatinous  translucent  matter, 
substance  was  discovered  by  Mulder,  and  named  by  him  1 
(from  the  Greek  verb  H^attva,  I  am  first),  as  being  the  radicle  c 
proximate  principles ;  or,  in  ihe  language  of  Liebig,  the  comi 
ment  and  starting-point  of  all  the  tissues;  so  that  it  appears  thi 
of  these  principles  is  composed  of  this  substance,  with  the  a 
of  certain  proportions  of  phosphorus,  sulphur,  or  of  both.  ' 
process  by  which  it  is  obtained,  the  object  is  to  remove  the  i 
and  phosphorus  and  any  salts  which  may  be  mixed  with  it,  am 
the  proteine  free. 

Proteine,  when  dried,  forms  a  hard,  brownish-yellow  sub 
without  taste,  and  insoluble  in  water  and  alcohol.  It  attracts  m 
from  the  air,  and  swells  out  again  into  a  gelatinous  mass  when 
ened.  It  is  soluble  in  all  acids,  when  diluted  ;  and  forms  co 
tions  with  them,  which  are  with  difficulhr,  or'  not  at  all,  soli 
excess  of  acid.  It  is  also  dissolved  in  dilute  alkalies,  or  in  sc 
of  alkaline  earths. 

The  ultimate  analyses  of  proteine,  according  to  Mulder,  frc 
hundred  parts  gives  as  follows : 

Nitrogen       ....       *  16*01 

Carbon 56*29 

Hydrogen 7*00 

Oxygen 21*70 

100*00 

The  following  table  exhibits  the  relations  which  albumen, 
and  caseine  bear  respectively  to  proteine : 

Albamen  of  seram  =  10  eqts.  Proteine  4*  1  ^9!^  Phosph.  4*  2  eqts.  8al: 
Albumen  of  Egg  =  10  eqts.  Proteine  +  1  eqt.  Phosph.  +  ^  eqt.  8al 
Fibrine  =  10  eqts.  Proteine  4- 1  cqt.  Phosph.  +  1  eqt.   8al 

Caseine  =  10  eqts.  Proteine  4-  1  ^^t.  Solpb. 

Besides  the  essential  elements  of  these  proximate  principles, 
are  obtained  by  their  ultimate  analysis,  we  find  certain  salts 
with  them.  In  albumen,  phosphates  and  sulphates  of  eart 
alkalies  and  chloride  of  sodium ;  in  fibrine,  phospate  of  lime ; 
caseine,  the  same  salt,  in  the  proportion  of  6*24  per  cent, 
phosphate  of  lime  is  the  same  as  bone-earth,  the  existence  ( 
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union  with  the  proximate  principle,  which  forms  the  chief  constituent 
of  milk,  seems  to  have  reference  to  the  process  of  ossification  during 
the  growth  of  the  infant. 

Proteine,  in  every  respect  the  same  as  that  which  forms  the  basis  of 
the  proximate  principles  just  described,  may  be  obtained  from  similar 
elements  in  the  vegetable  kingdom.    Gluten,  which  exists  abundantly 
in  the  seeds  of  the  Cerealia,  yields  a  principle  which  is  called  vege^ 
tohkjibrine;  the  same  substance  coagulates  spontaneously  in  the  newly 
expressed  juice  of  regetables.     From  the  clarified  juices  of  cauli- 
flower, asparagus,  mangel-wurzel,  or  turnips,  when  made  to  boil,  a 
coagttlum  is  formed,  which  cannot  be  distinguished  from  the  coagu- 
lated albumen  of  serum  or  the  egg.   This  is  vegetable  albumen.   And 
in  peas,  beans,  lentils,  and  similar  leguminous  seeds,  we  find  a  sub- 
stance similar  to  caseine.     It  is  vegetable  caseine^  which,  like  the  ani- 
ioa]  principle  of  the  same  name,  does  not  coagulate  by  heat  alone,  but 
jfields  a  coagulum  on  the  addition  of  an  acid,  as  in  milk.     ^^The 
cbemical  analysis  of  these  three  substances,"  says  Liebig,  '^  has  led 
to  the  very  interesting  result,  that  they  contain  the  same  organic  ele- 
ments, united  in  the  .same  proportions  by  weight ;  and,  what  is  still 
more  remarkable,  that  they  are  identical  in  composition  with  the  chief 
constituents  of  blood,  animal  fibrine,  and  albumen.     They  all  three 
dissolve  in  concentrated  muriatic  acid  with  the  same  deep  purple 
colour;  and,  even  in  their  physical  characters,  animal  fibrine  and  albu- 
men are  in  no  respect  different  from  vegetable  fibrine  and  albumen. 
It  is  especially  to  be  noticed,  that  by  the  phrase  identity  of  composi- 
tion, we  do  not  here  imply  mere  similarity ;  but  that,  even  in  regard 
to  the  presence  and  relative  amount  of  sulphur,  phosphorus  and  phos- 
phate of  lime,  no  difference  can  be  observed." 

4.  Gtlatme, — This  substance  exists  in  a  peculiar  combination  with 
the  tissues  of  which  it  forms  a  constituent,  and  can  only  be  obtained 
by  artificial  means.  If  the  cutis  or  true  skin,  tendon,  or  bone,  be 
subjected  to  continued  boiling,  this  substance  is  obtained  in  solution 
in  the  hot  water,  and  upon  cooling  assumes  the  form  of  a  solid  jelly, 
which  is  the  more  solid  as  the  quantity  of  water  contained  in  it  is  less. 
The  textures  which  yield  gelatine  are,  the  white  fibrous  tissue,  areo- 
lar tissue,  skin,  serous  membranes,  bone.  Glue  prepared  from  hides, 
fcc.;  size  from  parchment,  skin,  &c.;  and  isinglass  from  the  swim- 
ming bladder  of  the  sturgeon,  are  various  forms  of  gelatine  used  in 
commerce. 

Gelatine,  obtained  by  boiling,  is  in  combination  with  a  considerable 
quantity  of  water:  by  a  slow  and  gende  heat  this  may  be  driven  off", 
and  the  gelatine  obtained  in  a  dry  state.  Dry  gelatine  is  hard,  trans- 
parent, colourless,  without  smell  or  taste,  of  neutral  reaction  ;  in  cold 
water  it  softens  and  swells  up,  and  dissolves  in  warm  water.  It  is 
insoluble  in  alcohol  and  ether,  but  very  soluble  in  the  dilute  acids 
and  alkalies.  When  tannin,  or  the  tincture  or  infusion  of  galls,  is 
added  to  its  solution  in  water,  a  brownish  precipitate  is  thrown  down 
— the  tantUhgeloHney  which  may  be  precipitated  from  a  solution  of 
gelatine  in  5000  times  its  wei^t  of  water. 
The  process  of  tanning  leather  results  from  the  affinity  of  gelatine 
5 
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for  tannin.  The  skins  of  the  animals  having  been  first  freed  fron 
cuticle  and  hairs  by  soaking  in  lime-water,  are  tanned  by  SttbmittiA{ 
them  to  the  action  of  infusion  of  oak-bark,  the  strength  of  which  \i 
gradually  increased  until  a  complete  combination  has  takett  place. 
An  insoluble  compound  is  thus  formed,  capable  of  resisting  patie* 
faction. 

According  to  Mulder,  gelatine  contains  in  one  hundred  parts, 

Nitrogen        .        .        .        .        .  18*360 

Carbon 6(H>48 

Hydrogen 6-477 

Oxygen 25*125 

100000 

to  which  may  be  added  some  inorganic  material,  chiefly  phosj^te 
of  lime. 

Dr.  Prout  remarks,  the  gelatine  in  animals  may  be  said  to  be  tbe 
counterpart  of  the  saccharine  principles  of  plants;  it  being  distin- 
guished from  all  other  animal  substances  by  its  ready  convertibility 
into  a  sort  of  sugar,  by  a  process  similar  to  that  by  which  starch  miy 
be  so  converted.     If  a  solution  of  gelatine  in  concentrated  salphuric 
acid  be  diluted  with  water  and  boiled  for  some  time,  gelatine-sugar  miy 
be  obtained  from  it,  on  saturating  with  chalk.     Aeain,  by  boiling 
gelatine  in  a  concentrated  solution  of  caustic  alkali,  it  is  separated  into 
kucine  and  gelatine  sugar,  or  glyckolL   The  latter  product  crystalizes 
in  pretty  large  rhomboidal  prisms ;  is  colourless,  inodorous,  and  very 
sweet.     (Graham's  Chemistry,  p.  1039.  [Am.  Ed.,  p.  700.])    It 
differs  from  sugar,  however,  in  the  important  particular,  that  it  con- 
tains nitrogen ;  and  Mulder  assigns  to  it  the  following  formula,  Cg  H, 
N.O, +  2H0. 

Proteine  cannot  be  obtained  from  gelatine ;  but  it  seems  reasonable 
to  infer,  that  it  or  its  compounds  must  have  contributed  to  the  forma- 
tion of  the  latter  substance,  for,  in  the  egg,  the  gelatine  of  the  chick 
cannot  be  derived  from  any  other  material  than  a  compound  of  pro- 
teine. Scherer  has  shown  that  gelatine  contains  the  elements  of  two 
equivalents  of  proteine,  with  three  of  ammonia,  and  seven  of  water. 

5.  Chondrine  is  a  substance  in  many  respects  similar  to  gelatine.  It 
is  obtained  in  a  state  of  solution,  by  boiling  water,  from  tbe  perma- 
nent cartilages  and  from  the  cornea ;  also  from  the  temporary  carti- 
lage prior  to  ossification ;  it  gelatinizes  on  cooling,  and  when  dry 
assumes  the  appearance  of  ^lue.  It  differs  from  gelatine,  in  not  being 
precipitated  by  tannin,  and  in  yielding  precipitates  to  acetic  acid,  alum, 
acetate  of  lead,  and  the  protosulphate  of  iron,  which  do  not  disturb  a 
solution  of  gelatine.  It  resembles  the  proteine  compounds  in  containing 
a  minute  quantity  of  sulphur. 

Mulder's  analysis  of  one  hundred  parts  is. 

Nitrogen 14*44 

Carbon 49*90 

Hydrogen 6*63 

Oxygen 28*59 

Salphur 0*38 

100*00 
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Respecting  the  remaining  substances  included  in  the  list  of  true 
proiimate  principles,  very  few  words  are  necessary,  as  they  will  be 
more  folly  treated  of  in  subsequent  chapters. 

EUnnty  Siearine^  ,and  Margarine  are  proximate  principles  of  fat,  and 
are  found  also  in  the  brain  and  nerves.  Stearine  exists  but  sparingly, 
or  not  at  all,  in  huqaan  fat. 

Httmatosine  and  Globuline  are  the  constituents  of  the  particles,  or 
corpuscles,  to  which  the  blood  owes  its  colour.  They  are  both 
Dearly  allied  to  albumen,  and  the  latter  is  regarded  as  a  compound  of 
proteine. 

The  proximate  principles  which  have  been  described  in  the  pre- 
ceding paragraphs  are  constituents  of  the  animal  food,  upon  which 
the  human  race,  and  the  inferior  creatures,  to  a  great  extent,  subsist ; 
aod  the  discovery  that  similar  principles  exist  in  the  vegetable  king- 
dom, also  adapted  for  food,  is  of  the  highest  interest,  as  proving  that 
both  kingdoms  of  organized  nature  are  capable  of  affording  the  mate- 
rials which  are  suited  to  supply  the  waste  in  the  animal  tissues  which 
is  the  necessary  result  of  their  vital  actions.    The  blood  is  the  imme- 
diate pabulum  of  the  tissues ;  its   composition  is  nearly  or  entirely 
identical  with  them ;  it  is,  indeed,  as  Bordeu  long  ago  expressed  it, 
liquid  flesh ;  it  contains  the  elements  of  the  solids  in  a  state  of  solution 
— U  sang  est  de  la  chair  coulante.     The  proteine  compounds  more 
immediatelv  contribute  to  the  formation  of  the  blood,  and,  as  we  have 
seen,  may  be  obtained  directly  from  that  fluid ;  and  the  process  of 
nutrition  consists  in  the  attraction  of  certain  of  these  principles  from 
the  blood,  and  the  appropriation  of  them  by  the  textures  and  organs, 
in  a  form  assimilated  to  that  of  their  elementary  parts. 

It  is  necessarv  to  the  support  of  nutrition,  that  these  proximate 
principles  should  be  supplied  in  proper  quantity  to  the  blood,  from 
time  to  time,  together  with  a  due  proportion  of  water ;  and  as  the 
haman  body  is  composed  of  a  variety  of  textures,  diflering  in  their 
chemical  composition,  so  a  variety  of  food  is  required  for  its  perfect 
Boarisbment.  This  statement,  which  appears  most  reasonable  prior 
to  experience,  is  fully  borne  out  by  the  results  of  the  various  experi- 
ments on  the  nutritive  power  of  difierent  substances,  from  the  time  of 
Papin  to  the  present  day.  No  one  proximate  principle  is  of  itself 
adequate  to  support  life:  if  any  such  substance  be  administered 
alone  to  animals,  they  will  perish  sooner  or  later,  with  signs  of  waste 
and  destruction  in  various  textures.  This  had  been  long  ago  ascer- 
tained respecting  gelatine ;  but  a  commission  appointed  by  the  French 
Academy  have  lately  reported  that  It  applies  equally  to  albumen, 
caseine,  or  fibrine,  if  employed  alone  ;  and  that  neither  animals  nor 
man  should  be  restricted  to  any  course  of  diet,  which  does  not  contain 
all  the  proximate  elements  of  their  frame. 

These  facts  should  be  made  known  to,  and  impressed  upon  all, 
whose  position  in  society  leads  them  to  superintend  the  administration 
of  food  to  a  number  of  human  beings  congregated  in  prisons,  work- 
houses, or  other  public  institutions.  A  complex  machine,  made  up 
of  many  difierent  kinds  of  substances,  requires  for  its  repair  a  corre- 
sponding variety  of  materials.     The  fabric  of  man^s  body  is  a  piece 
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of  mecbanism  compounded  of  divers  parts,  derived  from  albameo 
fibrine,  gelatine,  &c.;  and  the  material,  ivhich  is  to  supply  the  wear  am 
tear  that  continually  go  on  in  it,  ought  to  contain  these  substances.  I 
is  even  more  important  for  sufficient  nourishment  that  attention  should 
be  paid  to  the  quality  than  to  the  quantity  of  the  food  administered. 

By  the  function  of  digestion,  a  fluid  {the  chyk)  is  prepared,  whieh 
contains  those  constituents  of  the  food  that  are  adapted  to  nourish  the 
body,  and  the  first  step  of  the  nutrient  process  consists  in  the  addition 
of  this  new  supply  of  nutritious  material  to  the  blood.    A  further  stage 
of  this  process  is  that  whereby  the  several  proximate  principles  are 
separated  in  oFder  to  be  applied  to  the  support  of  their  appropriite 
textures;  as  albumen,  to  the  albuminous  tissues ;  fibrine,to  the  nbiin- 
ous.     These  two  principles  have  already  appeared  in  die  chyle,  aad 
pass  with  it  into  the  blood-vessels,  in  which  all  the  changes  neces- 
sary to  nutrition  take  place.     It  is  probable  that  gelatine  is  formed  in 
the  blood,  but  is  attracted  from  it  by  its  proper  tissues  immediately 
upon  its  formation,  so  that  it  does  not  accumulate  in  it;  and  thb 
accounts  for  our  not  being  able  to  find  it  in  the  blood.     The  fatty 
elements  also  separate  in  the  blood,  and  are  destined  to  nourish  tbe 
adipose  tissue,  and  the  nerves.     It  may  be  fairly  conjectured  that  the 
development  and  separation  of  these  principles  take  place  in  the 
capillary  blood-vessels,  because  those  vessels  penetrate  and  phy 
freely  among  the  elementary  parts  of  the  tissues ;  and  also  because 
the  blood  does  not  manifest  a  decided  change  in  its  characters  until 
it  has  passed  through  that  part  of  the  sanguiferous  system. 

The  blood  is  likewise  the  seat  of  other  changes,  not  less  important 
to  the  well-being  of  the  animal  economy.  As  certain  particles  of  the 
various  tissues  become  effete  and  useless,  they  are  removed  either  by  a 
direct  absorbing  power  of  the  blood-vessels,  or  by  that  of  certain  vessels, 
called  lymphatics,  and  thus  they  again  find  their  way  into  the  current 
of  the  circulation.  Here  the  elements  of  the  tissues,  by  some  un- 
known chemical  agency,  undergo  certain  transformations,  and  the 
secondary  compounds  are  formed,  to  be  excreted  from  the  system  by 
means  of  particular  organs.  Urea  and  uric  acid,  thus  formed  in  the 
blood,  are  excreted  by  the  kidneys ;  lactic  acid,  by  the  kidneys  and 
the  skin  ;  the  elements  of  the  bile,  by  the  liver,  &c.,  &c.  But  whilst 
it  is  bighlv  probable  that  the  effete  particles  furnish  materials  for  these 
compounds,  there  seems  good  reason  to  believe,  that,  at  least  with 
respect  to  some  of  them,  the  food  likewise  contributes  immediately 
to  their  formation.  That  this  is  the  case  with  respect  to  the  bile,  is 
rendered  very  likely  by  several  circumstances  which  cannot  be  dwelt 
upon  at  present. 

In  the  present  state  of  our  knowledge  it  is  impossible  to  assi^  the 
particular  tissues  whose  metamorphoses  give  rise  to  the  formation  of 
certain  secondary  compounds.  Dr.  Prout  has  expressed  the  opinion 
that  urea  is  derived  from  the  gelatinous,  and  uric  acid  from  the 
albuminous  tissues.  And  it  may  be  conjectured  that  the  fatty  tissues 
afford  material  for  the  formation  of  some  of  the  constituents  of  the 
bile. 

As  each  of  these  secondary  organic  compounds  forms  a  component 
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part  of  some  fecial  secretion,  it  ivould  be  premature  to  do  more  at 
present  tbani  allude  to  them;  we,  therefore,  postpone  the  further 
investigation  of  them  to  those  parts  of  the  work  where  the  respective 
secretions  will  be  treated  of. 

Classificaiian  and  properties  of  the  tissues, — From  the  proximate 
principles,  the  various  textures  are  produced  by  the  development  of 
particular  organic  forms.  It  has  already  been  stated ^  that  the  simplest 
form  which  animal  matter  assumes  in  its  organization  is  that  of  a 
nucleated  celK  Such  cells  exist  in  vast  numbers,  free  and  isolated, 
floating  in  the  blood,  but  having  occasionally  a  remarkable  tendency 
to  cohere.  These  are  the  red  particles  of  the  blood,  which  perform 
some  very  important  office  in  reference  to  that  fluid  and  the  different 
tissues,  as  appears  from  the  serious  results  consequent  upon  a  great 
deficiency  of  them.  They  may  be  considered  to  be  among  the  sim- 
plest products  of  organization. 

In  the  embryonic  state  all  the  tissues  are  composed  of  cells,  analo- 
gous in  structure  to  the  corpuscles  of  the  blood.  These  are  united 
together  by  a  more  or  less  abundant  intercellular  substance,  which  is 
either  homogeneous  {hyaline)^  minutely  granular,  or  indistinctly  fibrous. 
Some  tissues  retain,  as  their  permanent  character,  this  cellular  struc- 
ture ;  whilst  in  others  the  cells  undergo  certain  metamorphoses  by 
which  they  are  converted  into  other  forms,  which  constitute  the  ana- 
tomical elements  of  the  adult  textures. 

It  seems  impossible  to  devise  a  satisfactory  arrangement  of  the 
tissues,  which  shall  be  based  on  one  principle  of  classification.  The 
following  table  has  been  constructed  chiefly  with  the  object  of  pre- 
senting to  the  reader  a  general  view  of  the  various  tissues,  the  anato- 
mical characters  of  which  will  be  discussed  in  subsequent  pages. 

TABULAS  TIIW  OF  THE  TISSUES  07  THE  BUMAIT  BODT. 

1.  Simple  membrane,  homogeneous,  or  nearly 

90y  employed  alone,  or  in  the  formation  of 

compound  membranes. 
X  Fiiam^otoas  tissues,  the  elements  of  which 

are  real  or  apparent  filaments. 

3.  Compoaod  membranes, composed  of  simple 

membrane,  and  a  layer  of  cells,  of  various 
forms  (epiiheliuro  or  epidermis),  or  of 
areolar  tissue  and  epithelium. 

4.  Tissues  which  retain  the  primitive  cellular 

structure  as  their  permanent  character. 

5.  8cleroas  or  bard  tissue. 

6.  Compound  tissues. 

a.  Composed  of  tubes  of  homojjeneous 
membrane,  containing  a  peculiar  sut>- 
stance. 

b,  Compnaed  of  white  fibrous  tissues  and 
cartilage. 


Examples. — Posterior  layer  of  the 
Cornea. — Capsule  of  the  lens. — 
Sarcolemma  of  muscle,  &c 

White  and  yellow  fibrous  tissues. 
— Areolar  tissue. 

Mucous  membrane. — Skin. — True 
or  secretins  glands. — Serous  and 
synovial  membranes. 

Adipose  tissue. — Cartilage. — Gray 

nervous  matter. 
Bone. — ^l>etb. 

Muscle. — Nerve. 


Fibro-cartilage. 


The  first  texture  enumerated  in  this  table  is  an  example  of  the 
simplest  form  of  membrane.  Its  principal  character  is  extension ; 
but  as  to  the  arrangement  of  its  ultimate  particles  nothing  is  known, 
for  under  the  highest  powers  in  the  microscope  it  appears  homoge- 
neous, that  is,  without  visible  limits  to  its  particles,  or,  at  most,  irregu- 
larly and  very  indistinctly  granular.     The  capsule  of  the  lens,  the 
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posterior  layer  of  the  cornea,  and  the  walls  of  the  primaiy  organic 
cells,  are  composed  of  it;  and  it  is  employed  in  forming  muscle, 
nerve,  and  the  adipose  and  tegumentary  tissues. 

The  filamentous  tissues  are  extensively  used  for  connecting  diflerent 
parts,  or  for  associating  the  elements  of  other  tissues.  The  ligaments 
of  joints,  for  instance,  are  composed  of  the  white  or  yellow  fibrous 
tissues;  and  areolar  tissue  surrounds  and  connects  the  elementary 
parts  of  nerves  and  muscles,  accompanies  and  supports  the  blood- 
vessels, and  unites  the  tegumentary  tissues  to  their  subjacent  parts  or 
organs. 

Under  the  title  compound  membranes  we  include  those  expansions, 
which  form  the  external  integument  of  the  body,  and  are  continued 
into  the  various  internal  passages,  which,  by  their  involutions,  con- 
tribute to  form  the  various  sedreting  organs  or  glands.  These  are 
composed  of  the  simple  homogeneous  membrane  covered  by  epi- 
dermis or  epithelium,  and  resting  upon  a  layer  of  vessels,  nerres,  and 
areolar  tissue  in  great  variety ;  and  they  constitute  the  skin  and  mucous 
membranes,  with  the  various  glandular  organs  which  open  upon  their 
surface.  Hairs  and  nails,  being  hardened  cuticle,  are  justly  regarded 
as  appendages  to  the  former. 

To  these  we  may  add  those  remarkable  membranes,  composed  of 
areolar  tissue  and  a  thin  indusium  of  epithelium,  which  are  employed 
as  mechanical  aids  to  motion.  These  are  the  serous  membranes  which 
line  the  great  cavities  of  the  body,  and  the  synovial  membranes,  which 
are  interposed  between  the  articular  extremities  of  the  bones  in  cer^ 
tain  joints,  or  are  connected  with  and  facilitate  the  motions  of  tendons. 

The  tissues  which  compose  the  fourth  class  have  no  common  cha- 
racter, except  their  adherence,  in  the  adult  state,  to  the  primitive 
cellular  structure,  and  their  analogy  in  that  particular  with  the  vege- 
table tissue.  Although  a  certain  agreement,  in  morphological  charac- 
ters, allows  these  textures  to  be  grouped  together,  none  can  be  more 
dissimilar  as  regards  their  vital  endowments.  They  differ  materially 
as  to  the  degree  of  cohesion  between  their  cells:  in  cartilage  there  is 
generally  a  firm  and  resisting  intercellular  substance;  in  adipose 
tissue,  the  interval  between  the  cells  is  occupied  by  areolar  tissue 
and  blood-vessels,  which  are  foreign  to  the  true  adipose  cells ;  and, 
in  the  gray  nervous  matter,  vessels  and  nerve  tubes  exist  between 
the  cells. 

The  sclerous  tissue  (tfxxij^o;,  hard),  contains  a  large  proportion  of 
inorganic  material,  to  which  it  owes  its  hardness;  it  differs  very 
materially  from  all  the  other  tissues,  excepting  cartilage  and  fibro-car- 
tilaee,  which,  as  regards  hardness,  might  be  classed  with  it. 

The  compound  tissues  are  those,  the  elementary  parts  of  which  are 
made  up  of  two  distinct  tissues.  Thus  both  muscle  and  nerve  are 
composed  of  parallel  fibres  or  threads,  each  fibre  being  compound  ; 
in  muscle,  it  is  composed  of  homogeneous  membrane,  disposed  like 
a  tube,  containing  a  fleshy  {sarcous)  substance,  arranged  in  a  particu- 
lar manner,  which  is  the  scat  of  the  vital  properties  of  the  tissue ; 
and,  in  nerve,  the  fibres  are  composed  of  similar  tubes  of  homoge- 
neous membrane  containing  an  oieo-albuminous  substance,  neurine. 
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Fibro-cartilmge  is  also  properly  a  compound  texture,  being  made  up 
of  white  fibrous  tissue  and  cartilage;  it  is  employed  almost  exclu-* 
aireljr  io  the  mechanism  of  the  joints  of  the  skeleton,  in  which  it  is 
issociated  with  bone,  cartilage,  and  ligaments. 

Of  the  development  of  the  tissues  Jrom  cells. — ^At  the  earliest  period 
ef  embryonic  life,  the  process  of  organization  has  advanced  to  so 
slight  an  extent,  that  the  variety  of  textures  above  described  has  not 
yet  ippeared. 

The  prevailing  mode,  in  which  the  development  of  animals  takes 
place,  is  by  the  formation,  within  the  parent,  of  a  body  containing  the 
rodiments  of  the  future  being,  as  well  as  a  store  of  nutrient  material 
sufficient  to  nourish  the  embryo  for  a  longer  or 'shorter  period.     This 
bodj  is  called  the  ovum  or  egg.   It  is  of  that  form  which,  in  a  former 
page  (p.  32,  fig.  1),  has  been  described  and  delineated  as  the  simplest 
wbieh  organization  produces.     It  consists  of  a  vesicular  body  filled 
by  a  fluid,  and  enclosing  another,  within  which  is  a  third,  consisting 
of  one  or  more  minute,  but  clear  and  distinct  granules.     The  first,  or 
the  titdHne  membrane  of  the  ovum,  is  the  wall  of  a  cell ;  it  is  com- 
posed  of  homogeneous  membrane :  the  second,  or  the  gemUnal  vesicle 
of  the  egg,  is  the  nucleus  of  the  first:  and  the  third,  which  is  called 
by  embryologists  the  germinal  spot^  is  a  nucleolus  to  the  second.     It 
appears,  from  the  researches  of  Wagner  and  Barry,  that  the  nucleus 
or  germinal  vesicle  precedes  the  formation  of  the  vitelline  membrane, 
but  the  precise  relation  as  to  the  period  of  its  formation  of  the  nucle- 
olus or  germinal  spot  to  the  nucleus  has  not  yet  been  satisfactorily 
nade  oat.    The  germinal  vesicle  and  spot  become  the  seat  of  a  series 
of  changes,  which  give  rise  to  the  development  of  new  cells,  for  the 
formation  of  the  embryo. 

At  this  period  the  embryo  consists  of  an  aggregate  of  cells,  and 
its  further  growth  takes  place  by  the  development  of  new  ones.  This 
may  be  accomplished  in  two  ways :  first,  by  the  development  of  new 
cells  within  the  old,  through  the  subdivision  of  the  nucleus  into  two 
or  more  segments,  and  the  formation  of  a  cell  around  each,  which 
then  becomes  the  nucleus  of  a  new  cell,  and  may  in  its  turn  be  the 
parent  of  other  nuclei ;  and,  secondly,  by  the  formation  of  a  granular 
deposit  between  the  cells,  in  which  the  development  of  the  new  cells 
takes  place.  The  granules  cohere  to  each  other  in  separate  groups 
here  and  there,  to  form  nuclei,  and  around  each  of  these  a  delicate 
Biembrane  is  formed,  whiqh  is  the  cell-membrane.  The  nuclei  have 
been  named  eytoblasts^  because  they  appear  to  form  the  cells  (sv^<k, 
eell ;  ftkae^tu^  to  produce) ;  and  the  granular  deposit  in  which  these 
changes  take  place  is  called  the  eytoblastema. 

In  every  part  of  the  embryo«the  formation  of  nuclei  and  of  cells 
goes  on  in  one  or  both  of  the  ways  above-mentioned ;  and,  by  and  by, 
alterior  changes  take  place,  for  t%  production  of  the  elementary  parts 
of  the  tissues.  The  precise  share  which  the  cells  take  in  this  process 
cannot  be  made  intelligible  in  the  present  stage  of  our  inquiry,  even 
if  observers  were  agreed  in  their  accounts  of  the  phenomena.  It  must 
loffice  for  us  now  to  explain,  as  for  as  we  are  able,  the  general  changes 
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that  occur,  and  the  probable  office  which  each  part  of  the  cell  per- 
forms in  them. 

The  changes  which  the  cells  undergo  in  the  formation  of  the  tissues, 
may  be  described  under  two  heads ;  first,  those  alTecting  the  cell- 
membrane  ;  and,  secondly,  those  in  which  the  nucleus  is  concerned. 
In  those  tissues,  whose  ultimate  elements  are  fibrous,  that  is,  consist- 
ing of  real  or  apparent  fibres,  as  areolar  and  fibrous  tissues,  the  cell- 
membranes  become  elongated,  and  so  folded  or  divided  as  to  give  the 
appearance  of  a  subdivision  into  minute  threads  or  fibres.  In  the 
tissues,  which  are  composed  of  tubes  of  homogeneous  membrane 
containing  a  peculiar  substance  within  them,  as  muscle  and  nerve,  the 
cells  are  joined  end  to  end,  and,  the  partitions  at  each  extremity  being 
removed,  their  cavities  communicate,  so  that  they  together  form  t 
tube,  or  sheath,  in  which  the  deposit  of  the  proper  muscular  or  ner- 
vous substance  takes  place.  The  smallest  or  capillary  blood-vessels 
also  are  formed  by  the  coalescence  of  the  walls  of  the  cells,  not  at 
one  or  two,  but  at  several  points,  owing  to  their  elongation,  here  and 
there,  into  pointed  processes,  which  unite  and  form  the  ramifications 
of  the  vessels. 

In  these  examples,  the  nucleus  of  the  cell  appears  to  take  no  part 
in  the  formation  of  the  tissue.  What  becomes  of  it?  does  it  become 
absorbed,  or  does  it  waste  away,  its  office  having  ceased.^  There  is 
abundant  evidence  to  show  that  the  nuclei  are  still  persistent  in  the 
fully-formed  tissues,  for  they  have  been  seen  in  all  those  enumerated 
in  the  last  paragraph.  They  are  generally  altered  in  form,  being 
flattened  and  elongated.  Henle  believes  that,  while  they  retain  their 
peculiar  characters,  they  are  prolonged  at  either  pole  into  peculiar 
fibres,  distinct,  in  anatomical  and  chemical  characters,  from  the  pro- 
per fibres  of  the  tissue ;  he  designates  the  latter  Zellenfasemj  cell- 
fibres  ;  and  the  former  Kernfaserriy  nucleus  fibres.  For  instance,  the 
two  elements  of  areolar  tissue,  which  will  be  described  at  a  future 
page,  are  derived,  according  to  him,  the  white  fibrous  element,  from  the 
cell ;  the  yellow,  from  the  nucleus.  The  formation  of  the  homoge- 
neous simple  membrane  which  forms  the  basement  of  the  skin  and 
mucous  membrane,  may  be  ascribed  to  the  flattening  and  fusion  of  the 
cell-walls  into  one  another.  The  free  surface  of  these  membranes, 
wherever  they  may  be  found,  whether  as  integuments  to  the  body,  or 
folded  into  glands,  is  the  seat  of  a  continual  development  of  new  cells, 
which  may  have  primarily  sprung  from  the  nuclei  of  the  formative 
cells  of  the  basement  membrane. 

In  other  tissues  the  walls  of  the  cells  become  thickened  by  a  depo- 
sition around  and  between  them,  with  which  they  become  united  and 
incorporated,  and  thus  an  intercellular  substance  is  formed.  This 
substance  becomes  the  seat  of  a  further  deposition,  or  new  arranf^ 
roent  of  particles,  which,  as  far  as  wi  know  at  present,  is  not  preceded 
by  the  development  of  cells.  In  cartilage,  which  in  its  simplest  state 
is  only  an  aggregate  of  cells,  this  substance  assumes  a  fibrous  form. 
In  most  textures,  it  is  not  improbable  that  the  nuclei  are  persistent; 
in  cartilage,  they  remain  in  the  cell-cavities,  and  possibly  contribute 
to  the  growth  and  nutrition  of  the  cartilage ;  in  bone,  they  form  the 
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lacanae  from  which  minute  canals  are  prolonged  into  neighbouring 
ones,  or  into  the  vascular  channels;  and^  in  teeth,  they  are  probably 
converted  into  Ae  dental  tubuli. 

From  the  preceding  brief  and  necessarily  imperfect  sketch,  it  seems 
evident  that,  in  the  various  metamorphoses  of  the  foetal  into  the  per- 
fect tissues,  both  the  elements  of  the  cells  take  a  part.  In  no  instance 
does  there  appear  to  be  an  actual  conversion  of  either  cell- wall  or 
nucleus  into  the  ultimate  elements  of  the  tissues.  The  cell- walls  may 
be  changed  into  a  part,  accessory  to  the  complete  texture,  as  the  sar- 
colemma  or  sheath  of  the  muscular  fibre ;  but  the  further  organizing 
process  takes  place  on  its  outer  or  inner  surface.  And  the  nuclei, 
likewise,  may  be  changed  into  parts,  which  contribute  to  the  nutrition 
of  the  tissue ;  but  not  into  its  essential  elements.  These,  it  must  be 
remarked,  are  always  the  product  of  an  ulterior  organizing  process, 
connected  chiefly  with  the  cell-wall. 

There  seems  reason  to  believe,  that  during  the  organizing  process 
which  occurs  simultaneously  with  the  changes  of  the  cell,  a  chemical 
alteration  takes  place;  for  the  cells  of  cartilage  sometimes  contain 
iat,  and  the  cartilage  of  bone  prior  to  ossification  contains  chondrine, 
but,  after  the  ossific  process,  gelatine  is  found  :  and  it  is  also  stated, 
that  the  element  which  may  be  obtained  from  the  young  cells  of 
areolar  tissue  is  pyine ;  whereas  gelatine  is  yielded  by  the  fully-formed 
tissue. 

The  formation* of  cells  does  not  cease  with  the  infancy  of  the 
organism.  These  minute  organic  elements  are  most  important  agents 
in  various  functions  of  the  body  at  every  period  of  its  existence.  By 
them  the  secretions  are  separated ;  and  it  is  not  improbable  that  they 
contribute  largely  to  those  changes  in  which  nutrition  immediately 
consists.  They  are  found  floating  in  immense  numbers  in  the  blood, 
as  well  as  in  the  chyle  and  lymph ;  and,  even  in  diseased  secretions, 
as  pus,  they  exist  in  great  quantity.  In  the  inflammatory  process,  they 
are  formed  in  great  abundance  ;  and  in  the  malignant  growths,  which 
infest  the  body,  so  as  to  manifest  themselves  at  dilTerent  parts  of  it, 
such  as  the  various  forms  of  cancer,  the  same  organic  forms  are  to  be 
found. 

In  short,  Schleiden  and  Schwann  have  proved  that  the  nucleated 
cell  is  the  agent  of  most  of  the  organic  processes,  whether  in  the 
plant  or  animal,  from  the  separation  of  the  embryo  from  its  parent, 
to  the  development,  growth,  and  nutrition  of  the  adult  individual. 

Properties  of  the  Tissues. — The  fully-grown  tissues  manifest  dif- 
ferences among  themselves,  not  merely  by  their  anatomical  characters, 
bat  by  their  properties.  These  may  be  conveniently  subdivided  into 
physical  and  vital.  -  Strictly  speaking,  this  is  a  distinction  without  a 
di&rence,  for  doubtless  all  the  properties  of  animal  tissues  may  be 
ascribed  to  the  peculiar  arrangea%nt  of  their  particles,  and  are,  there- 
fore, physical.  Our  reasons  for  adopting  the  division  will  appear  in 
explaining  the  nature  of  these  properties. 

The  physical  properties  of  the  tissues  are  those  which  are  dependent 
simply  on  the  peculiar  arrangement  or  mode  of  cohesion  of  their  con- 
stituent particles,  as  well  as  upon  their  chemical  constitution,  and  will 
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manifest  themselves  in  the  dead,  as  distinctly  as  in  the  KTiog,  texture. 
The  elasticity  of  yellow  ligament,  for  instance,  is  as  eyident  in  a  spe^ 
cimen  which  has  been  preserved  in  spirits  for  years,  as  in  one  taken 
fresh  from  the  body.  The  vital  properties  are  those  which  exist  only 
during  life,  and  which  cease  immediately  when  molecular  life  has 
ceased.  A  muscle  will  contract  only  so  long  as  it  is  alive ;  when 
dead,  it  refuses  to  respond  to  those  stimuli,  which  so  easily  excited 
it  while  living. 

The  most  striking  physical  property  which  certain  tissues  manifest, 
is  that  of  elasticity^  in  virtue  of  which  the  tissue  reacts,  aAer  a  stretch- 
ing or  a  compressing  force  has  been  withdrawn.  The  yellow  ligament, 
which  constitutes  the  ligamenta  subflava  of  the  vertebral  iamine,  is 
as  elastic  as  India-rubber ;  the  middle  coat  of  arteries  manifests  quite 
as  much  elasticity.  Cartilage  is  flexible  and  elastic ;  and  is  exten- 
sively employed,  in  consequence  of  this  property,  to  encrust  the 
articular  extremities  of  the  bones,  for  their  protection  in  the  move- 
ments of  the  joints. 

The  existence  of  elasticity  implies  that  of  extensibility*  All  elastic 
tissues  must  admit  of  being  stretched  before  they  can  manifest  their 
elastic  reaction.  But  some  textures  are  extensible  without  being 
elastic.  Such  tissues  yield  only  to  a  long-continued  extending  force; 
land,  in  the  healthy  state,  they  are  capable  of  resisting  such  a  force  of 
tension  for  a  considerable  period.  The  resistance  which  a  fibrous 
membrane  oflers  to  the  enlargement  of  an  organ  or  tumour,  which  it 
covers,  illustrates  this  statement :  the  pain  felt  in  hernia  humoralis 
or  inflammatory  enlargement  of  the  testicle,  is  doubtless  due  to  the 
resistance  of  its  fibrous  coat  to  the  swelling  of  the  soft  substance  of 
the  gland. 

The  various  animal  tissues  exhibit  a  property  of  porori/y,  or  evince 
a  power  of  attraction  for  aqueous  fluids.  If  a  piece  of  areolar  tissue 
from  the  axilla  be  soaked  in  water,  it  will  imbibe  it  as  freely  as  a  sponge. 
Serous  membranes,  being  chiefly  composed  of  areolar  tissue,  have  the 
same  property,  but  to  a  less  degree ;  and  the  coats  of  blood-vessels, 
and  hollow  membranous  viscera,  are  also  porous.  The  occurrence 
of  transudations,  through  living  and  dead  tissues,  is  explained  by  this 
property.  When  the  blood  is  loaded  with  water,  or  its  passage 
through  the  blood-vessels  is  impeded,  or  when  the  vital  changes  m 
the  blood-vessels  go  on  feebly  and  imperfectly,  their  walls  exert  a 
morbid  attraction  upon  the  water  of  the  contained  blood,  which  trans- 
udes into  the  surrounding  areolar  tissue,  and  gives  rise  to  that  drop- 
sical efiusion,  which  is  commonly  called  Anasarca.  In  the  minute 
capillary  vessels,  this  property  is  always  present  in  a  state  of  health, 
and  the  nutrition  of  the  surrounding  tissues  is  efiected  by  the  exercise 
of  it.  After  death,  the  influence  of  porosity  is  favoured  by  the  total 
absence  of  motion  in  the  fluids,  and  of  vital  change  in  the  walls  of 
the  vessels ;  and,  therefore,  in  the  dead  body  we  find  the  areolar  tissue 
more  or  less  loaded  with  water  in  all  those  places  in  which  gravita- 
tion  favoured  its  accumulation.  The  progress  of  decomposition,  by 
disintegrating  the  tissues,  also  favours  the  occurrence  of  transudation. 

It  is  probable  that  certain  vital  processes  consist  solely  in  transuda* 
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ion.  In  ^is  waj  the  watery  part  of  the  aecretioDS  doabtleas  escapes 
rom  the  bhHxl-Tessels,  into  the  canals  of  the  secreting  organs ;  and 
bis  is  especially  likely  as  regards  the  mechanism  of  the  kidney, 
rhere  the  blood-vessels  of  the  Malpighian  bodies,  reduced  to  their 
ftbatest  sise,  naked,  and  anassociated  with  any  other  tissue,  are  most 
ivoarably  placed  for  the  occurrence  of  this  phenomenon ;  and  the 
bsorption  of  fluids  brought  in  contact  with  certain  surfieices  is  expli* 
able  on  the  same  principle. 

The  process,  which  was  first  described  by  Dutrochet,  under  the 
lame  Eiidosmose  and  Exosmose,  is  intimately  connected  with  the 
lorosity  of  animal  tissues.  It  is  a  process,  ^^  in  which  the  mutual 
ittraction  of  two  liquids  is  called  into  action,  one  of  which  is  more 
lapable  than  the  otner  of  freely  wetting  a  porous  solid  which  forms 
Mrt  of  the  combination.''     {DanidPs  Chemistry,) 

If  an  animal  bladder,  the  C8^um  of  a  fowl,  partially  filled  with 
ffvp,  and  tied  tightly  at  its  open  end  with  a  string,  be  suspended  in 
L  vessel  of  water,  it  will  soon  be  found  distended  almost  to  bursting, 
n  eonseqaence  of  a  considerable  quantity  of  the  water  having  passed 
htoagh  the  walls  into  the  cavity  of  the  bladder  (Endotmase).  If  the 
Ulterior  fluid  be  examined,  a  portion  of  the  syrup  will  be  found  to 
lave  passed  out  of  the  bladder  {Exofmose).  Or  the  phenomenon  may 
le  illustrated  by  the  following  experiment : — Take  a  funnel,  and  tie 
iver  its  broad  end  (of  three  or  four  inches  diameter)  a  piece  of  blad- 
ler,  invert  it,  and  fill  it  ndth  spirits  of  wine,  and  fit  to  its  small  end  a 
^ass  tube,  three  or  four  feet  in  length,  and  then  place  it  in  a  vessel 
if  water.  In  a  short  time  the  water  will  be  observed  to  rise  in  the 
nbe,  and  it  will  ultimately  reach  the  top  and  flow  over.  ^^  The  first 
Doving  power  here,''  says  Professor  Daniell,  ^^  is  the  force  of  adhe- 
don  between  the  water  and  the  bladder ;  the  former  penetrates  the 
lores  of  the  latter,  and  comes  in  contact,  upon  its  upper  surface,  with 
he  spirit,  by  the  attraction  of  which,  it  is  removed  from  the  bladder 
ind  mixes  with  its  mass.  The  height  of  the  column  is  in  some 
legree  the  measure  of  the  force  thus  called  into  action."  The  purely 
»hysical  nature  of  this  process  is  shown  by  the  fact  that  it  will  equally 
ake  place  through  porous  inorganic  substances,  as  through  organic 
nembranes.  It  would  be  impossible  to  do  more  here  than  give  a 
mef  explanation  of  this  remarkable  phenomenon.  It  is  important 
o  add,  that  the  observations  of  Dutrochet  clearly  show  that  the 
latare  of  the  septum  exerts  an  important  influence  upon  the  direction 
>f  the  predominant  current.  If  the  attraction  of  the  septum  for  the 
sterior  fluid  be  the  greater,  the  endosmotic  current  will  prevail,  and 
vice  vend. 

Endosmose  is  a  more  important  agent  in  the  vital  phenomena  of 
ifamts  than  in  those  of  animals.  It  is  supposed,  by  some  physio- 
logists, to  be  brought  into  play  in  the  processes  of  secretion  and 
ibsorption. 

The  animal  membranes  exercise  the  property  of  porosity  in  refer- 
ence to  gases,  as  well  as  to  liquids ;  and  the  tendency  of  dissimilar 
piases  to  become  diffused  among  each  other  manifests  itself  even 
duongh  compound  textures.    As  in  the  case  of  liquids,  there  is  a 


68  VITAL  PR0PXRTIB8. 

double  current,  when  two  dissimilar  gases  are  separated  by  a  porous 
septum,  and  the  predominant  current  is  that  which  has  the  strongest 
attraction  for  the  septum.  The  following  experiments  illustrate  this 
phenomenon : — Confine  some  common  air  in  a  jar,  by  tying  tichtly 
over  it  a  piece  of  sheet-caoutchouc,  and  then  place  the  jar  under  a 
large  bell-glass  filled  with  hydrogen  gas ;  the  hydrogen  wUl  gradually 
penetrate  the  partition,  distend  the  caoutchouc,  and  ultimately  bant  it. 
Or,  suspend  a  membranous  bag,  the  stomach  of  a  rabbit,  filled  with 
common  air,  in  an  atmosphere  of  carbonic  acid ;  the  latter  will  pene- 
trate to  the  former  and  burst  the  bag.  In  both  instances  there  is  an 
exosmose  greatly  inferior  in  the  quantity  of  gas  to  the  endosmose.  In 
respiration,  this  phenomenon  occurs  at  every  inspiration  through  the 
walls  of  the  pulmonary  air-cells  and  the  plexus  of  ciapillary  vessels 
distributed  upon  them.     {DanieWt  Chemistry.) 

Although  in  the  manifestation  of  these  phenomena  there  is  no  direct 
exercise  of  vital  force,  the  tissues  are  not  the  less  dependent  on  healthy 
vital  action  for  the  preservation  of  their  peculiar  properties  in  a  state 
of  integrity.  Whoever  will  compare  the  compact  figure  of  a  vigorous 
healthy  man,  accustomed  to  field-sports  and  active  exercises,  with  the 
relaxed,  feeble,  half-dislocated  limbs  of  an  ill-nourished,  hysterical 
woman,  will  readily  perceive  how  great  an  influence  healthy  nutrition 
must  exert  in  preserving  and  improving  the  physical  properties  of  the 
tissues. 

The  vital  properties  manifest  themselves  by  a  change  which  occurs 
in  the  molecules  of  certain  tissues,  as  the  result  of  a  stimulus  applied. 
The  change,  thus  produced,  may  be  evident  from  a  visible  alteration 
in  the  tissue  stimulated  ;  or  it  may  show  itself  through  a  secondary 
influence  exerted  upon  some  other  texture  or  organ,  with  which  the 
stimulated  tissue  may  be  in  connection. 

These  properties  exist  in  two  tissues,  namely,  in  muscle  and  in 
nerve.  A  muscle,  when  stimulated,  shortens  itself;  and,  therefore, 
it  is  said  to  possess  the  property  of  contractility.  This  power  of  con- 
tracting, in  obedience  to  a  stimulus,  is  characteristic  of  muscle,  and 
probably  occurs  in  no  other  kind  of  animal  texture.  The  stimulus 
may  be  direct  irritation  by  mechanical  means,  or  by  galvanism,  or  by 
some  chemical  substance ;  but  the  natural  one,  during  life,  is  propa- 
gated by  the  nerves. 

In  nerve,  the  vital  changes  are  unaccompanied  by  any  alteration  in 
the  tissue  itself,  which  is  appreciable  by  our  senses.  The  excitation 
or  irritation  of  the  nerve  may  be  manifested  in  three  ways:  first,  by 
its  inducing  the  contraction  of  the  muscle  which  it  supplies ;  secondly, 
by  its  exciting  contraction,  in  muscles  which  it  does  not  supply,  through 
a  change  wrought  in  the  nervous  centre;  thirdly,  by  its  exciting  a 
sensation.  The  same  stimuli,  which  we  have  mentioned  as  capable 
of  exciting  muscular  contraction,  will  produce  these  effects  in  nerves ; 
and  the  will,  and  other  emotions  of  the  mind,  are  capable  of  stimu- 
lating nerves  which  are  connected  with  the  brain,  and  exciting  action 
in  the  muscles  to  which  they  are  distributed. 

That  a  nerve,  when  irritated,  may  excite  a  sensation,  it  is  neces- 
sary that  it  shall  be  in  connection  with  the  brain.   The  bodily  feelings 
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of  pain  or  pleasare  are  thus  prodaced,  through  the  medium  of  what 
are  called  $en$Uiiae  nenres,  or  nerves  of  common  sensation;  and  we 
lay  that  the  sensibility  of  any  tissue  is  great  or  small,  according  as  it 
is  supplied  with  such  nenres  in  more  or  less  quantity.  /Tendon,  in 
which  probably  few  nerves  exist,  is  a  tissue  of  low  sensibility ;  whilst 
the  skin,  which  is  largely  supplied  with  nerves,  is  highly  sensitive. 

Light,  sound,  and  the  sapid  and  odoriferous  qualities  of  bodies,  are 
capable  of  stimulating  certain  nerves,  and  exciting  appropriate  sen* 
satioos  in  the  mind.  The  nerves  which  respond  to  such  stimuli,  are 
called  nerves  of  proper  or  special  sensation;  and  this  name  seems 
appropriate,  because  these  nerves,  when  otherwise  stimulated,  excite 
only  their  peculiar  sensations.  If  the  optic  nerve  be  mechanically 
irritated,  a  flash  of  light  is  produced ;  as  sometimes  occurs  if  the 
retina  be  touched  by  the  needle  in  the  operation  for  cataract.  If  the 
auditory  nerves  be  stimulated  by  a  galvanic  shock,  a  sound  is  pro- 
duced. Volta,  who  tried  the  experiment  on  his  own  person,  perceived 
a  hissing  and  pulsatory  sound,  which  he  compared  to  that  of  a  viscid 
substance  boiling:  and  Hitter  relates,  that,  upon  closing  the  circle 
when  both  his  ears  were  included  in  it,  he  was  sensible  of  the  sound 
of  G  treble ;  if  but  one  ear  was  in  the  circuity  and  the  positive  pole 
applied  to  it^  the  sound  was  lower  than  G ;  if  the  negative  pole  was 
applied  to  the  ear,  the  sound  was  higher.  (MuUer^s  Physiology^ 
translated  by  Baly.)  These  peculiarities  of  the  nerves  of  proper 
sensation  are  due  to  the  fact,  that  at  their  periphery  they  are  so  organ- 
ized as  to  be  admirably  adapted  for  receiving  the  impressions  of  their 
special  stimuli,  and  at  their  centres  they  are  connected  with  those 
]Mrts  of  the  brain  which  take  cognizance  of  these  special  agents. 
Thus  the  optic  nerve  is  admirably  disposed  in  the  eye  for  the  recep- 
tion of  luminous  impressions,  and  the  auditory  nerve  is  beautifully 
adapted  to  receive  the  pulsations  of  sound,  whilst  each  is  connected 
with  a  different  part  of  the  brain ;  and  what  are  called  subjective 
phenomena  of  vision  or  hearing  are  often  the  result  of  local  conges* 
tions  of  blood  affecting  the  respective  nerves  of  these  senses,  and 
producing  mechanical  irritation  of  them. 

In  the  manifestation  of  the  vital  properties,  under  the  influence  of 
appropriate  stimuli,  it  cannot  be  doubted  that  an  organic  molecular 
change  is  produced  in  nerve  as  well  as  in  muscle.  This  may  be 
considered  as  a  polar  state,  in  which  the  ultimate  particles  of  the  tissue 
assume  a  polarized  condition,  which  may  be  fairly  compared  to  that 
which  friction  or  other  means  can  produce  in  various  substances,  by 
which  they  may  be  rendered  mutually  attractive  or  repulsive.  In 
moscle,  it  becomes  at  once  evident  by  the  powerful  attraction  which 
is  exerted  between  its  particles,  by  which  the  shortening  is  effected. 
In  nerve,  it  is  shown  by  the  rapidity  with  which  the  change  excited 
by  the  stimulus  at  one  part  of  the  nerve  is  conveyed  throughout  its 
course  to  the  muscle,  or  to  the  brain  or  other  nervous  centre,  with 
which  it  may  be  connected,  producing  in  them  the  same  or  an  analo- 
gous state. 

As  these  phenomena  occur  in  tissues,  whose  chemical  composition 
is  more  complex  than  that  of  any  others  in  the  body,  and  which  are 


70  FUNCTIONS.— ANIMilt  MOTIONS. 

• 

the  seat  of  continual  changes,  they  are  subject  to  many  disturbing 
causes,  and  are  easily  afiected  by  slight  modifications  ip  the  general 
state  of  the  system.  Many  substances  quickly  exert  an  influence  upon 
them,  as  opium,  strychnine,  and  various  sedatives,  narcotics,  or  stimu- 
lants. Those  properties  are  therefore  entirely  dependent  on  the  nutri- 
tion of  their  respective  tissues ;  they  quickly  vary  with  the  state  of 
that  function,  and  ^hen  it  ceases,  in  death,  they  vanish  with  it. 

For  in  formation  upon  the  subjects  treated  of  in  this  chapter  we  refer  to  the  fol- 
lowing sonrces: — Henle,  Algemeine  Anatomic;  Berzelias,  Chimie  Organiqae,  Fr. 
edit,  1833;  Prout  on  Stomach  and  Urinary  Diseases;  Lieblg's  Animal  Chemistry,  by 
Gregory;  Graham's  Chemistry;  Daniell's  Chemistry;  Schwann,  Ifikroskopische 
UntensQchnngen  dber  die  Uebereinstimmung  in  der  Stniktar  and  dem  Wachstbnm 
der  Thiere  and  Pflanzen ;  Datrochet,  article  Endosmose,  in  the  Cyclopaedia  of  Ana- 
tomy and  Physiology. 


CHAPTER  11. 

FUNCTIONS. — ANIMAL  MOTIONS.'— MOLECULAR  MOTION. — ORGANIC  MOLE- 
CULAR MOTION. — MUSCULAR  MOTION. — CILIARY  MOTION. — MOTIONS  OF 
SPERMATOZOA. 

The  subdivision  of  the  functions  of  the  human  organism  into,  the 
animal  and  the  organic,  as  already  stated,  maybe  adopted  as  the  least 
objectionable  basis  for  their  arrangement.  Under  the  former  title  we 
include  those  functions,  which  are  peculiar  to  and  characteristic  of 
the  animal  part  of  the  living  creation,  and  to  which  there  is  nothing 
similar  or  analogous  in  the  vegetable  kingdom.  These  are  locomo- 
tion and  innervation.  The  organic  functions  are  present  in  bothr  king- 
doms, with  certain  modifications.  They  are  digestion,  absorption, 
circulation,  respiration,  secretion,  and  generation. 

In  examining  these  various  processes,  we  propose  to  follow  the 
order  in  which  they  have  been  enumerated.  We  find  it  convenient  to 
take  the  locomotive  function  first,  because  so  large  a  proportion  of  the 
mechanical  arrangements,  or  of  the  anatomy  of  the  body,  is  connected 
with  it.  The  transition  from  locomotion  to  innervation  is  easy  and 
obvious ;  for  the  nervous  system  has  a  special  connection  with  the 
locomotive  organs,  in  order  that  the  influence  of  the  will  may  be 
conveyed  to  them.  It  may  be  here  stated,  that  in  the  animal  functions 
the  interference  of  volition  is  more  frequent  than  in  the  organic  ones ; 
and  that,  in  all,  the  nervous  system  exerts  a  certain  control,  and  may 
influence  to  a  great  degree  the  performance  of  the  functions,  although 
some  of  them  are  essentially  independent  of  it. 

Of  the  minute  movements  occurring  in  the  interior  of  the  6ody.^-Of 
these  we  may  distinguish  three  kinds :  1.  Those  in  which  particles  are 
moved  passively  by  forces  independent  of  themselves.  2.  Those 
accompanying  the  incessant  changes  of  the  organic  elements  of  the 
tissues.    3.  Those  which  occur  in  certain  entire  tissues  on  the  appli- 
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cation  of  an  appropriate  stimulus.  All  these  movements  may  be 
called  molecular  on  account  of  the  minuteness  of  the  particles  con- 
cerned in  them.. 

1.  The  term  molecular  motion  was  used  many  years  ago  by  Mr. 
Robert  Brown,  to  denote  a  phenomenon  which  he  had  witnessed  in 
the  particles  of  rarious  organic  and  inorganic  substances, in  a  state  of 
extremely  minute  subdivision.  When  these  particles  were  suspended 
in  water,  they  exhibited,  under  the  microscope,  motions,  which  con- 
sisted in  more  or  less  rapid  oscillations  and  rotations  of  the  particles 
themselves.  He  found  them  in  the  pollen  of  plants,  in  many  mineral 
and  metallic  substances,  in  various  animal  matters,  reduced  to  a  subtle 
powder,  consisting  of  particles  that  ranged  in  diameter  between  the 
Tiii5  and  yrfw  of  an  inch.  The  movements  are  clearly  not  peculiar 
to  living  or  organic  parts,  for  they  occur  in  inanimate  ones:  they 
never  occur  excepting  when  the  particles  are  suspended  in  water,  or 
some  liquid ;  and  they  are  attributable  to  currents  produced  in  the 
fluid  by  evaporation  at  its  surface  or  edges,  for  they  may  be  arrested 
by  covering  the  fluid  with  oil,  or  using  other  means  to  prevent  such 
evaporation.  They  are  not,  therefore,  inherent  in  the  particles  them- 
selves, which  only  obey  the  impulse  communicated  to  them  by  the 
currents  created  in  the  fluid  which  holds  them  in  suspension. 

Certain  particles,  naturally  very  minute,  which  are  met  with  in  the 
body,  exhibit  motions  when  examined  under  the  microscope  floating 
in  fluid.  These  motions  are  entirely  due  to  the  same  cause  as  would 
excite  them  in  inorganic  particles,  namely,  to  currents  in  the  fluid 
created  by  its  evaporation.  The  minute  granules,  or  particles  of  the 
chyle,  have  been  found  to  exhibit  molecular  motion  ;  and  it  has  been 
ingeniously  supposed,  that  "  these  motions  indicate  the  first  obvious 
impress  of  vitality  which  the  new  material  has  received  from  its 
association  yriih  living  matter."  But,  before  this  supposition  can  be 
admitted,  we  require  evidence  to  show  that  these  motions  are  inherent, 
and  do  not  result  from  currents.  The  minute  rod-like  bodies,  which 
form  the  outer  coat  of  the  retina,  or  Jacob's  membrane,  also  some- 
times exhibit  a  molecular  motion,  when  separated  and  examined  in 
water,  and  there  seems  no  reason  to  doubt  that  this  is  due  to  the 
evaporation  of  the  fluid  in  which  they  float. 

2.  Organic  molecular  motion. — Some  of  the  motions,  which  take 
place  within  the  living  body,  may  be  compared  to  those  described  by 
Iff.  Brown,  inasmuch  as  they  are  generally,  if  not  always,  due  to  an 
extraneous  force  acting  upon  the  particles  moved ;  but  they  difler  in 
this  respect,  viz.,  that  the  producing  force  is  developed  by  the  pro- 
cesses inseparable  from  life.  Such  motions  are  not  in  general  visible,  yet 
some  have  been  seen,  which  clearly  indicate  that  forces  are  developed, 
diuing  life,  capable  of  producing  them.  The  movements  of  particles 
within  cells  aflbrd  an  example :  such  motions  are  either  of  a  uniform 
rhythmical  kind,  or  they  are  apparently  irregular  and  oscillating. 
Those  of  the  former  kind  are  familiarly  known  in  the  vegetable  king- 
dom by  the  Cyclosis  which  takes  place  in  the  oblong  cells  of  Chara ; 
the  mnules,  which  may  be  seen  in  motion,  are  quite  passive  and  are 
earned  along  by  currents  within  the  cell.    Motions  of  the  latter  kind 
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have  been  seen  by  Schwann  among  the  granules  contained  in  the  cells 
of  the  germinal  membrane  of  the  hen's  egg,  as  if  occasioned  by  in 
endosmotic  current  through  the  wall  of  the  cell.  This  membrane  is 
the  seat  of  active  change,  the  development  and  growth  of  new.  cells, 
destined  for  the  evolution  of  the  textures  of  the  embryo ;  and  they 
derive  their  nutriment  from  the  yelk,  on  the  suriace  of  which  they 
lie.  Here  the  contained  particles  are  passive,  and  the  motion  in  them 
is  only  the  index  of  the  currents  which  give  rise  to  it,  A  molecnkr 
motion  of  the  same  kind  may  be  seen  in  the  very  minute  granules, 
which  occupy  the  cells  of  the  membrane  of  black  pigment  on  the 
choroid  coat  of  the  eye.  Whether  this  go  on  during  life,  it  is  of 
course  impossible  to  say,  but  the  conditions  for  its  production  are 
undoubtedly  present.  In  the  blood  may  be  seen  another  example  of 
the  kind  of  motion  under  consideration.  The  circulation  of  this 
fluid  may  be  readily  followed  in  transparent  parts ;  and  certain  par- 
ticles, the  blood-discs,  which  float  in  it  in  great  numbera,  exhibit 
movements  which  can  scarcely  be  attributed  solely  to  the  current  of 
the  circulating  fluid.  It  is  probable  that  secondary  currents  may  be 
established  in  the  blood,  or  that  attractions  and  repulsions  may  exist 
between  the  particles  themselves,  or  between  them  and  the  walls  of 
the  blood-vessels  giving  rise  to  these  motions.  According  to  some 
observers,  the  blood-discs  undergo  actual  changes  of  shape,  becom- 
ing now  swollen,  and  now  flattened  ;  and  this  might  be  attributed  to 
the  alternate  predominance  of  endosmose  or  exosmose.  But  the  state- 
ment, that  they  possess  an  inherent  power  of  contraction  of  their  own, 
stands  greatly  in  need  of  confirmation. 

Organic  molecular  motion  occurs  in  nearly  all  the  internal  processes. 
The  introduction  of  new  matter  from  without  into  the  blood  ;  the  le- 
moval  of  efiete  particles  by  a  process  of  absorption ;  the  transfer  of 
nutrient  matter  from  the  blood  to  supply  the  place  of  the  particles 
thus  removed ;  the  separation  of  organic  compounds  in  glands,  can- 
not take  place  without  a  movement  of  molecules  in  the  textures  con- 
cerned in  these  processes.  We  are  as  much  at  liberty  to  infer,  that 
these  motions  are  produced  by  certain  affinities  of  the  particles  of  the 
tissues,  as  that  chemical  action  is  the  result  of  affinities  between  cer- 
tain forms  of  matter.  These  motions  of  the  organic  and  inorganic 
elements  are  incessant  during  the  ceaseless  round  of  organizing  and 
disorganizing  actions  of  which  every  tissue  is  the  seat,  as  long  as  it 
continues  living.  The  currents  alluded  to  in  the  preceding  paragraph 
are  visible  indications  of  the  presence  of  these  organic  movements. 

3.  The  molecular  movements  of  nerve  and  muscle  under  stimula- 
tion have  been  already  mentioned  in  the  preceding  chapter.  The 
capacity  of  exhibiting  these  movements  exists  only  while  the  nutri- 
tive process  continues  to  be  carried  on  in  the  respective  tissues-— it 
ceases  with  life.  It  would  appear  that  the  precise  chemical  constitu- 
tion, which  is  essential  to  its  existence,  is  of  so  unstable  a  nature  as 
to  be  constantly  prone  to  change,  and  to  require  incessant  renewal ; 
or,  it  may  be,  that  this  capacity  is  one  which  is  only  developed  during 
the  active  operation  of  certain  chemical  forces,  as  if  it  depended  ne- 
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eessarily  on  certain  peculiarities  of  the  organic  elements  when  in  a 
nascent  or  chan^ng  state. 

In  nnuaUar  movemmt  there  is  a  visible  approximation  of  the  ulti- 
mate particles  of  the  tissue  in  a  determinate  direction,  as  will  be  fur- 
ther explained  in  the  proper  place ;  and  in  this  consists  the  whole 
Talue  of  muscular  tissue  as  a  part  of  the  mechanism  of  the  body.  All 
those  motions  in  the  living  body  which  are  visible  to  tbe  naked  eye, 
and  many  of  those  which  cannot  be  seen  without  the  aid  of  lenses, 
are  effected  by  muscular  action.  By  it  canals  or  tubes  adapt  them- 
selves to  their  contents ;  the  heart  propels  the  vital  fluid;  the  digest- 
ire  canal  transmits  tbe  ingesta  from  one  part  to  another ;  the  excretory 
reservoirs,  or  ducts,  expel  their  contents;  and  lastly,  by  it  the  attitudes 
are  maintained,  and  the  locomotive  function  is  performed. 

Ciliary  moium. — In  the  same  category  with  the  molecular  motions 
of  the  living  body  we  would  place  that  singular  phenomenon  now 
well  ascertained  by  multiplied  observations,  which  is  called  CUiary 
no/ton. 

Certain  surfaces,  which  are,  in  their  natural  and  healthy  state, 
lubricated  by  fluid,  are  covered  with  a  multitude  of  hair-like  pro- 
eessea,  of  extreme  delicacy  of  structure  and  minuteness  of  size. 
These  are  called  cilia,  from  cilium,  an  eyelash.  They  are  generally 
conical  in  shape,  being  attached  by  their  bases  to  the  epithelium 
that  covers  the  surface  on  which  they  play,  and  tapering  gradually 
to  a  point;  or,  as  Purkinje  and  Valentin  state,  they  are  more  or  less 
flattened  processes,  of  which  the  free  extremities  are  rounded  ;  and 
this  latter  form  prevails  in  tbe  human  subject.  They  vary  in  length 
from  the  ritv  to  the  ttW  of  an  inch.  They  are  disposed  in  rows, 
and  are  adapted  in  their  arrangement  to  the  shape  and  extent  of  the 
surface  to  which  they  belong ;  they  adhere  to  the  edges,  or  to  a  por- 
tion of  the  surface,  of  the 
particles  of  tbe  epithelium, 
preferring  the  columnar  va- 
riety of  them. 

Daring  life,  and  for  a  cer- 
tain period  after  death,  these 
filaments  exhibit  a  remark- 
able movement,  of  a  fanning 
or  a  lashing  kind,  so  that 
each  cilium  bends  rapidly  in 
one  direction,  and  returns 
asain  to  the  quiescent  state. 
The  motion,  when  viewed 
under  a  high  magnifying 
power,  is  singularly  beauti- 
ful, prewnting  an  appearance 
somewhat  resembling  that  of 
a  field  of  com  agitated  by  a 
steady  breeze.  Any  minute 
objects  coming  in  contact 
with  the  Ine  extremities  of  the  cilia  are  honied  rapidly  along  in  the 
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direction  of  the  predominant  movement ;  one  or  more  blood -discs, 
acctdentatly  present,  wilt  someiiines  pass  rapidly  across  the  field,  pro- 
pelled in  this  way,  and  very  minule  particles  of  powdered  charcoftl 
may  be  conveniently  used  to  exhibit  lliis  phenomenon,  and  lo  indi- 
cate the  direction  of  the  movement.  The  action  of  Ihe  cilia  produces 
a  current  in  the  surrounding  lluid,  Ihe  direction  of  which  is  shown 
by  the  course  which  the  propelled  particles  take. 

An  easy  way  to  observe  this  phenomenon  is  to  detach  by  scraping 
with  a  knife  a  few  scales  of  epithelium  from  the  back  of  the  throat 
of  a  living  frog.  These,  moistened  with  water,  or  serum,  will  con- 
tinue to  exhibit  the  movement  of  their  adherent  cilia  for  a  very  coo- 
siderable  lime,  provided  the  piece  be  kept  duly  moistened.  On  one 
occasion  we  observed  a  piece  prepared  in  this  way  exhibit  motion 
for  seventeen  hours;  and  it  would  probably  have  continued  doing 
so  for  a  longer  lime,  had  not  the  moisture  around  it  evaporated. 
However,  Purkinje  and  Valentin  have  observed  it  to  last  for  a  much 
longer  time  ihan  this  in  connection  with  the  body  of  the  animal.  In 
the  turtle,  after  death  by  decapilalion,  they  found  it  lasted,  in  the 
iDOUtb,  nine  days;  in  the  trachea  and  the  lungs,  thirteen  days;  and, 
in  Ihe  cesophagus,  nineteen  days.  In  frogs,  from  which  Ihe  brain 
had  been  removed,  it  lasted  from  four  to  five  days,  The  longest  time 
tbey  observed  it  to  continue  in  man  and  mammalia  was  two  days ; 
but  in  general  it  did  not  last  nearly  so  long.  What  appears  to  be 
immediately  necessary  to  the  continuation  of  the  movement,  is  the 
integrity  of  the  epithelial  cells  to  which  the  cilia  adhere;  for  as  soon 
as  these  shrink  up  for  want  of  moisture,  or  become  physically  altered 
by  chemical  reagents  or  by  Ihe  progress  of  putrefaction,  Ihe  cilia  im- 
mediately cease  to  play. 

From  these  facts  we  learn  two  important  points  in  connection  with 
this  phenomenon.  The  first  is,  Ihe  truly  molecular  character  of  the 
movement.  Whatever  he  the  immediate  cause  of  Ihe  action  of  the 
cilia,  it  is  evidently  intimately  connected  with  the  minule  epithelial 
particles  to  which  ihey  are  attached ;  for  cilia  never  exist  in  man  and 
the  higher  animals  without  epithelial  particles,  and  these  particles 
have  no  organic  connection  with  Ihe  subjacent  textures,  excepting 
such  as  may  arise  from  simple  adhesion.  And,  secondly,  we  per- 
ceive,  that  this  movement  is  independent  of  both  ihe  vascular  and 
the  nervous  systems,  for  it  will  continue  to  manifest  itself  for  many 
hours  in  a  single  particle  isolated  from  Ihe  rest  of  the  system.  After 
death  it  remains  longer  than  the  contractility  of  muscle  ;  a  circum- 
stance which,  together  wilh  the  facts  just  mentioned,  indicates  that 
the  cilia  cannot  be  moved  by  little  muscles  inserted  into  their  bases, 
as  some  have  supposed.  And  experiment  also  shows  this  independ- 
ence. If  the  abdominal  aorta  be  tied,  Ihe  muscles  of  ihe  lower 
extremities  will  be  paralyzed  in  consp(]uence  of  their  being  deprived 
of  their  blood  ;  and  on  removing  the  ligature,  and  allowing  the  blood 
lo  flow,  the  muscles  will  recover  themselves.  But  a  ciliated  surface 
is  not  aPTected  at  all  in  its  moveraenls,  though  the  supply  of  blood  lo 
the  subjacent  tissues  be  completely  cut  oil'.  Again,  hydrocyanic  acid, 
opium,  slfyx^hnine,  belladonna,  substances  which  exert  a  powerful  effect 
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on  the  neiTous  system,  produce  do  influcDce  upon  ciliary  motion.  In 
the  bodies  of  animals  killed  by  these  poisons,  the  phenomenon  is  still 
conspicuous ;  and  even  the  local  application  of  them  does  not  hinder 
it,  provided  the  solutions  do  not  injure  the  epithelial  texture.  Shocks 
of  electricity  passed  through  the  ciliated  parts,  do  not  affect  the 
movement.  Lastly,  the  removal  of  the  brain  and  spinal  cord  in 
frogs,  by  which  all  muscular  movements  are  destroyed,  does  not  stop 
the  action  of  the  cilia.  This  striking  fact  may  likewise  be  adduced 
to  disprove  the  supposition,  that  these  movements  result  from  the 
action  of  minute  muscles ;  for,  although  muscles  may  be  excited  to 
contract  without  nerves,  we  have  no  instances  in  the  higher  animals 
in  which  they  habitually  act  without  the  interference  of  the  nervous 
system  ;  nor  is  it  likely  that  a  movement  existing  over  so  extended  a 
surface,  as  that  by  the  cilia,  would,  if  effected  by  muscles,  be  inde- 
pendent of  nervous  influence. 

Alterations  of  temperature  affect  the  ciliary  motion,  owing,  doubt- 
less, to  the  physical  change  they  induce  in  the  epithelial  particles. 
In  warm-blooded  animals  it  ceases  on  a  reduction  of  the  temperature 
below  43°^.  In  cold-blooded  animals,  however,  it  continues  even 
at  32^.  In  all,  a  very  high  temperature  effectually  puts  a  stop  to  it. 
It  is  interesting  to  notice,  that  all  observers  agree  in  stating,  that  blood 
is  the  best  preservative  of  the  ciliary  motion,  but  the  blood  of  verte- 
brata  destroys  it  in  the  invertebrata.  Bile  puts  a  stop,  to  it,  very 
probably  by  reason  of  its  thick  and  viscid  nature,  and  not  from  any 
chemical  influence. 

This  phenomenon  exists  most  extensively  in  the  animal  kingdom. 
It  has  been  found  in  all  the  vertebrate  classes;  and  in  the  inverte- 
brata likewise,  with  the  exception  of  the  Crustacea,  arachnida,  and 
insects.  It  is  the  agent  by  which  the  remarkable  rotation  of  the 
embryo  in  the  ova  of  mollusca  is  eff*ected  ;  and  it  occurs  on  the  sur- 
face of  the  ova  of  polypes  and  sponges.  The  bodies  of  some  of 
the  infusoria  are  covered  with  cilia,  which  are  apparently  employed 
by  them  as  oi^ans  of  locomotion,  and  for  the  prehension  of  food 
(5,6g.2.) 

In  man,  the  ciliary  motion  has  been  ascertained  to  exist  on  several 
surfaces: — 1.  On  the  surface  of  the  ventricles  of  the  brain  and  on 
the  choroid  plexuses.  So  delicate  are  the  cells  of  epithelium  here^ 
that  the  slightest  mechanical  injury  destroys  them  ;  it  is,  therefore, 
very  diflScult  to  see  the  movement.  Valentin  states  that  its  duration 
is  considerable  in  these  parts,  so  that  it  may  be  seen  in  subjects  used 
for  dissection.  2.  On  the  mucous  membrane  of  the  nasal  cavities, 
extending  along  the  roof  of  the  pharynx  to  its  posterior  wall,  on  a 
level  with  the  atlas,  on  the  upper  and  posterior  part  of  the  soft  palate, 
and,  in  the  immediate  neighbourhood  of  the  Eustachian  tube,  extend- 
ing through  the  tube  itself  to  the  cavity  of  the  tympanum.  3.  On 
the  membrane  lining  the  sinuses  of  the  frontal  bone,  the  sphenoid, 
and  the  superior  maxillary.  4.  On  the  inner  surface  6(  the  lachrymal 
sac  and  lachrymal  canal.  5.  On  the  membrane  of  the  larynx,  trachea, 
and  bronchial  tubes.  6.  On  the  lining  membrane  of  the  female 
organs  of  generation.    It  does  not  exist  in  the  vagina ;  but  it  may  be 
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In  nearly  all  these  instances  there  appears  to  be  a  mechaDica)  DM 
for  the  ciliary  movement,  namely,  to  prnmote  the  expulsion  of  tbe 
/luiii  secreted  by  ihe  surfaces  on 
which  the  cilia  exist.  Wherewt 
the  direction  of  the  motion  his 
been  ascertained,  ilisthatwbkh 
would  be  favourable  (o  such  a 
purpose.  In  (he  bronchial  tulrts 
and  trachea,  the  direction  of  the 
motion  is  towards  the  laryax, 
so  that  tbe  cilia  may  be  regard- 
ed as  agents  of  expectoratiofl. 
In  the  nose  of  the  rabbit,  Di. 
Sharpey  observed  the  impulse 
to  be  directed  forwards,  and  in 
(he  maxillary  sinus  it  appeared 
to  pass  towards  (be  back  pMt 
of  tbe  cavity,  where  ils  opening 
is  situated.  In  the  FallopiMi 
lube,  the  direction  is  stated  by 
Purkinje  and  Valentin  to  be 
from  the  limbriated  extremi^ 
towards  (he  vagina.  It  seems 
very  probable  that  ciliary  mo- 
tion exists  in  the  kidney,  at  the 
narrow  neck  of  each  uriniferous 
tube,  as  it  passes  off  from  the 
capsule  of  the  Malpighian  body. 
This  has  not  been  aciually  ob- 
served in  the  human  subject. 
I(  was  discovered, and  has  been 
frequently  seen  in  the  frog, 
(Bowman,  Phil.  Trans.,  1842,) 
and  is  shown  in  the  annexed 
drawing,  {fig.  3.)  The  move- 
ment is  here  directed  towards 
the  uriniferous  tube,  and  it 
doubtless  is  destined  to  fovour 
the  flow  of  the  aqueous  portion  of  the  secretion  from  the  capsule  lo 
the  tube. 

In  the  inferior  animals  the  cilia  seem  to  answer  a  similar  end  to 
that  in  man.  They  exist  extensively  on  respiratory  surfaces,  and  in 
connection  wilb  the  generative  organs;  and  also,  but  to  a  less  de- 
gree, with  the  organs  of  digestion.  But  in  some  situations,  bo(h  in 
man  and  in  (he  inferior  creatures,  it  is  dlRicult  to  determine  what 
functions  (he  ciliary  (notion  can  perform.  Such  are,  in  man,  the 
ventricles  of  the  brain  ;  and,  in  the  frog,  the  closed  cavities  of  the 
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pericardiam  and  peritoneum.     Here  there  are  no  excretory  orifices, 
toward  which  the  current  might  set. 

What  is  the  cause  of  ciliary  motion  ?  We  have  shown  it  to  be 
independent  of  the  blood  and  of  the  nerves,  and  to  resist  those  de- 
pressing causes  which  usually  put  a  stop  to  the  action  of  contractile 
tissue.  It  requires  for  its  continuance  three  conditions :  a  perfect 
epithelium  cell;  moisture,  not  of  too  great  density;  and  a  temperature 
within  certain  limits.  From  Schwann*s  observations  it  appears  that 
cells  exhibit  a  power  of  endosmose  ;  that  a  chemical  change  occurs 
in  the  fluids  in  contact  with  them  ;  and  that  a  movement  of  their  in- 
ternal granules  may  be  seen  under  certain  circumstances.  If  ciliated 
epithelium  cells  exert  an  attraction  of  endosmose  upon  the  surround- 
ing fluid,  may  not  this  physical  phenomenon  afford  a  clue  to  determine 
the  cause  of  the  movement  ? 

A  rery  remarkable  movement  is  manifested  by  certain  particles 
found  in  the  secretion  of  the  testicle,  which  prevails  roost  extensively 
throughout  the  animal  series,  and  is  even  found  among  plants.  From 
the  regularity  of  these  movements  and  their  resemblance  to  those  of 
minute  animals,  a  place  had  been  assigned  by  naturalists  to  the  par-' 
tides  in  question,  in  their  zoological  classifications,  under  the  name 
^^CercariaB  semtnis,"  Spermatozoa,  or  Spermatic  animalcules,  and 
Ebrenberg  refers  them  to  the  Haustellate  Entozoa.  These  particles 
consist  chiefly  of  a  long  filament  or  tail,  which  is  sometimes  swollen 
at  one  extremity,  to  form  the  body  of  the  supposed  animalcule.  The 
motions  consist  in  a  sculling  action  of  the  tail,  or  a  slight  lateral 
vibration  of  it.  In  many  of  its  conditions  it  closely  resembles  ciliary 
motion ;  and  its  duration  after  death,  or  after  the  separation  of  the 
fluid,  is  pretty  much  the  same  as  that  of  the  ciliary  movements.  The 
particles  are  extremely  minute,  even  measured  in  their  length  ;  but 
especially  so  in  thickness.  They  are,  therefore,  well  adapted  to  obey 
those  impulses  which  we  have  shown  to  be  capable  of  giving  rise  to 
molecular  motions.  We  shall  return  to  this  curious  subject  again  in 
discussing  the  function  of  generation. 

On  the  sobjects  treated  of  in  this  chapter  reference  is  made  to  the  following  sources 
of  infonnation: — ^Rob.'Brovn,  A  brief  Account  of  Microscopical  Observations  on  the 
particies  contained  in  the  pollen  of  plants,  and  on  (he  general  existence  of  active 
Boleeales  in  organic  and  inorganic  substances;  Pnrkipjeand  Valentin, Commentatio 
Phjsiologiea  de  phenomeno  molds  vibratorii  eontinni ;  article  Cilia,  by  Dr.  Sharpej, 
in  the  Cyclupttdiaof  Anatomjr  and  Physiology;  Valentin'tt  article Flimmer-bewegung 
ia  Wagner's  Handworterbach  der  Physiologic. 
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silk.  But,  on  more  accurate  inspection,  it  is  found  impossible  to 
distinguish  threads  of  a  determinate  size  ;  they  seem,  indeed,  to  be 
of  various  sizes,  according  to  the  degree  of  splitling  to  which  the 
whole  has  been  submitted,  and  many  are  to  be  seen  so  very  minute 
as  at  first  almost  to  eiude  the  eye.  In  other  parts  the  mass  splits  up 
into  membranous  rather  than  filiform  fragments ;  so  that  it  would  ap- 
pear incorrect  to  describe  this  tissue  as  a  bundle  of  threads.  It  is  rather 
a  mass,  with  longitudinal  parallel  streaks,  (many  of  which  are  creas- 
ings,)  and  which  has  a  tendency  to  slit  up  almost  ad  ijifinilum  in  the 
longitudinal  direction.  The  correctness  of  this  view  is  further,  shown 
by  the  action  of  acid,  which  obliterates,  for  the  most  part,  all  appear- 
ance of  tibrill^,  and  swells  it  up  as  an  entire  mass. 

Physical  and  vital  properties. — While  6brous  tissue  is  inelastic,  and, 
under  ordinary  circumstances,  inexlensible ;  though  it  does  admit  of 
being  somewhat  stretched  by  the  influence  of  a  long-continued  and 
slowly  acting  force,  as  is  seen  occasionally  when  an  efTuslon  of  fluid 
has  taken  place  into  an  articular  cavity,  or  when  a  tumour  has  slowly 
grown  under  a  fascia.  Its  force  of  cohesion  is  the  most  valuable  and 
characteristic  quality  of  the  white  fibrous  tissue,  and  to  this  its  vari- 
ous important  uses  are  chiefly  due.  Mascagni  calculates  the  force 
requisite  to  rupture  the  lendo-Achillis  as  equal  to  1,000  pounds' weight. 
Instances  are  constantly  seen  where  muscles  are  torn,  or  bones  frac- 
tured, while  the  tendons  or  ligaments,  through  which  the  force 
has  acted,  have  escaped.  Thus,  the  malleoli  are  oflen  dragged  off  by 
twists  of  the  foot  acting  on  those  processes  of  bone  through  the  late- 
ral ligaments  of  the  joint.  It  is  entirely  devoid  of  contractility  or 
irritability;  and  its  sensibility  is  very  low,  so  much  so  that  tendons 
hanging  out  of  a  wound  have  been  cut  without  the  patient  being  aware 
of  it. 

Vessels  andJVerves. — White  fibrous  tissue  contains  few  vessels; 
tbey  are  small,  and  follow  for  the  most  part  the  course  of  the  bundles 
of  the  tissue;  they  appear  more  numerous  in  the  dura  mater,  and  in 
periosteum,  than  in  other  parts.  The  presence  of  nerves,  and  their 
mode  of  subdivision,  have  not  as  yet  been  satisfactorily  demonstrated 
anatomically  ;  we  infer  their  existence  from  the  tisAe  manifesting 
sensibility  in  some  forms  of  disease. 

Chemical  compositinn. — The  (lexibiiity  of  fibrous  tissue  is  owing  to 
its  containing  a  small  proportion  of  water.  A  tendon,  ligament  or 
librous  membrane,  will  dry  readily  ;  it  then  becomes  hard  and  rigid; 
it  resists  the  putrefactive  process  when  not  kept  moist,  and  even  ibeo 
putrefies  less  readily  than  the  softer  textures.  Acetic  acid  causes  it 
to  swell  up,  instantly  removes  its  peculiar  appearance  of  wavy  fibres, 
and  displays  some  broken  elongated  corpuscles,  which  are  }>roba- 
bly  the  remains  of  the  nuclei  of  the  development-cells.  Gelatine 
may  be  extracted  in  considerable  quantity  from  white  fibrous  tissue 
by  boiling,  and  it  would  appear  to  constitute  its  chief  proximate  prtn- 
ciple. 

Of  the  different  forms  of  while  fibrous  tissue. — A.  Ligaments. — 
Ligaments  are  connected  with  joints.  They  pass  in  determinate 
directions  from  one  bone  to  another,  and  serve  to  limit  certain  more- 
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neDts  of  the  joint,  while  they  permit  others.  They,  therefore,  con- 
stitate  an  extremely  important  part  of  the  articular  mechanism  in  pre- 
serving the  integrity  of  the  joint  in  its  various  movements.  There 
are  three  principal  kipds  of  articular  ligaments : — 1.  Funicular^ 
rounded  cords  of  white  fibrous  tissue,  of  which  we  may  give  as 
examples  the  external  lateral  ligament  of  the  knee-joint,  the  perpen- 
dicular ligament  of  the  ankle-joint,  &c.:  2.  FasdculoTy  flattened  bands, 
more  or  less  expanded ;  ex.  internal  lateral  ligament  of  the  knee-joint, 
lateral  ligaments  of  the  elbow-joint,  anterior  and  posterior  ligaments 
of  the  wrist-joint,  and,  indeed,  the  great  majority  of  ligaments  in  the 
body:  3.  Capstdar;  these  are  barrel-shaped  expansions,  attached  by 
their  extremities  around  the  margin  of  the  articular  surfaces  compos- 
ing the  joint,  and  forming  a  complete  but  a  loose  investment  to  it, 
so  that  its  movements  are  not  particularly  restricted  in  one  direction 
more  than  another.  They  constitute  one  of  the  anatomical  characters 
of  an  enarthrodial  or  ball-and-socket  joint,  and  are  found  in  the  only 
two  perfect  examples  of  that  form  of  articulation,  namely,  the  shoulder 
and  hip  joints. 

B.  Tendons, — Tendons  serve  to  attach  muscle  to  bone,  or  some 
other  part  of  the  sclerous  system.     We  may  enumerate  three  varieties 
o{  tendon,  as  regards  form  :  1.  FuniculaPj  e.  ^.,  long  tendon  of  the 
biceps  cubiti ;  2.  Fascicular^  short  tendon  of  the  same   muscle,  and 
most  of  the  tendons  of  the  body;  3.  ^paneurotiCj  tendinous  expan- 
sions, sometimes  of  considerable  extent,  and  very  useful  in  protecting 
the  walls  of  cavities.     The  tendons  of  the  abdominal  muscles  afford 
good  examples  of  this  variety. 

The  tendons  are  for  the  most  part  implanted  by  separate  fascicles 
into  distinct  depressions  in  the  bones,  and  are  also  closely  incorpo- 
rated with  the  periosteum  ;  so  that  in  maceration,  when  the  latter  is 
separated,  it  becomes  easy  to  remove  the  tendons.  In  some  birds, 
whose  tendons  are  black,  the  periosteum  is  black  also ;  and  in  the 
human  subject  we  may  often  see  the  tendinous  fibres  continued  on 
the  surface  of  the  periosteum,  as  a  shining  silvery  layer,  following 
the  primitive  direction  of  the  tendinous  fibres,  from  which  they  were 
deri^red  ;  a  marked  example  of  this  may  be  seen  on  the  sternum,  in 
front  of  which  the  tendinous  fibres  of  the  •  opposite  pectoral  muscles 
meet  and  decussate,  and  thus  form  the  superficial  layer  of  the  perios- 
teum covering  that  bone.  The  length  of  the  tendons  is  beautifully 
adapted  to  the  quantity  of  contractile  fibre  required  to  perform  a  cer- 
tain movement ;  thus,  in  the  biceps  cubiti,  were  the  whole  length 
between  the  scapula  and  radius  occupied  by  muscular  fibre,  there  would 
be  a  great  waste  of  that  contractile  tissue,  as  there  would  be  much 
more  than  is  wanted  to  produce  the  required  motion;  tendon  is,  there- 
fore, made  to  take  the  place  of  the  superfluous  muscle :  in  this  way 
we  may  explain  the  differences  in  length  of  the  tendons  even  in  the 
same  limb. 

C.  Mtmbrtttums. — In  the  form  of  an  expanded  membrane  white 
fibrous  tissue  is  used  to  cover,  protect,  and  support  various  parts. 
Under  such  circumstances  we  often  find  that  it  not  only  forms  an  ex- 
ternal covering  to  them,  but  that  it  sends  in  processes  or  septa,  which 
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separate  certain  subdivisions  or  smaller  parts.  Thus,  the  fascia  !sla 
of  the  tbigh  not  only  invests  the  muscles  of  the  thigh,  but  sends  in 
processes  which  pass  down  to  the  periosteum,  and  separate  the  several 
muscles  from  each  other ;  and  (he  dura  mater  of  the  cranium  sends  in 
processes  by  which  certain  portions  of  the  encephalon  are  separated 
from  one  another. 

Reparation  and  Reproduction. — When  a  solution  of  continuity  tates 
place  in  white  6brous  tissue,  it  readily  heals  by  the  interposition  of 
a  new  substance,  every  way  similar  to  the  original  tissue,  exceptia? 
that  it  wants  its  peculiar  glistening  aspect,  and  is  more  bulky  and 
transparent.* 

2.  Yellov)  Fibrous  Tissw. — In  colour,  and  in  the  possession  of  elas- 
ticity to  a  remarkable  extent,  this  tissue  diflers  manifestly  from  that 
last  described. 

It  is  yellow:  disposed  in  bundles  of  fibres,  and  covered  by  a  thin 
sheath  of  areolar  tissue,  which  likewise  sinks  in  among   its  fibres. 
In  man  it  exists  in  the  fascicular,  funicular,  and  membranous  forms. 
Under  the  microscope  we  observe  it  to  consist  of 
^<S  5  fibres,  round  in  some,  flattened  in  other  specimens. 

These  fibres  are  very  variable  in  diameter,  usually 
from  jo'oo  to  Tonno  of  an  inch  in  diameter.  Thej 
bifurcate,  or  even  divide  inio  three  ;  and  the  sum 
of  the  diameters  of  the  branches  considerably  ex- 
ceeds the  diameter  of  the  trunk.  They  anastomose 
freely  with  each  other.  They  are  prone  to  break 
under  manipulation,  and  the  broken  exlremilie;: 
are  abrupt  and  disposed  to  curl  up :  when  many  of 
these  broken  ends  exist  together  in  the  same  piece, 
they  give  it  a  very  peculiar  and  characteristic  ap- 
pearance. 

In  the  human  subject  we  find  Ibis  tissue  employ- 
ed in  the  spine,  as  the  ti^ajnenta  subflava,  extended 
between  the  lamina?  of  ihe  vertebrae  ;  in  the  larynx, 
forming  the  thyro-hynid  and  crico-thyroid  mem- 
branes, and  the  chorda?  vocales  ;  and  in  the  trachea. 
iuy'win^'™*  "i*"  f'"""'''ng  ihe  longitudinal  or  elastic  bands  of  that 
Sul  V^iThed  "di"^  tube,  and  of  its  branches.  The  internal  lateral  Iiga- 
uiSr" diSn'la  Miiiu"'  Blent  of  the  lower  jaw,  the  stylo-hynid  ligament, 
"«iuw?*ArT''i""  ^"''  ""^  Iransversalis  fascia  of  the  abdomen,  are 
*"blli'™  "r  "?  '"'"  ^'''''  '"  ^  Rfsat  measure,  composed  of  it.  Among 
ff  itip  •iwrimfii  —  the  lower  animals  it  is  very  extensively  used  for 
^^^11  oaaiiadiu.uB-  mechanical  purposes,  of  which  Ihere  is  a  familiar 
instance  in  the  ligamentum  viichat  of  quadrupeds. 
Its  great  elasticity  fits  it  for  restoring  parts  after  they  have  been  moved 
by  muscular  action.  Hence  it  is  generally  employed  to  supply  an 
antagonist  force  to  Ihe  muscular. 

A  peculiar  modification  of  the  yellow  fibrous  tissue  composes  the 
proper  coat  of  the  arteries,  and  it  will  be  described  with  the  blood- 
vessels. 

•  We  have  ascertained  ihis  in  ihe  case  of  a  divided  lendo-Achilli:', 
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:  Id  chemical  consHhUiorij  this  tissue  difiers  remarkably  from  the 

i  white  fibrous  tissue.     It  is  unaffected  by  the  weaker  acids,  or  by 

c  boiling,  and  will  resist  putrefaction,  and  preserve  its  elasticity  dur- 

i:  iog  a  very  long  period.     Very  long  boiling  appears  to  extract  from 

E  it  a  mioute  quantity  of  a  substance  allied  to  gelatine ;  but  this  is 
perhaps  derived  firom  the  areolar  tissue  and  vessels,  which  always 

m  penetrate  sparingly  among  its  fibres,  and  cannot  be  separated  by  dis- 

t  section. 

c  There  appear  to  be  no  vestiges  of  the  nuclei  of  cells  in  this  tissue ; 

1  at  least  we  have  failed  to  detect  them. 

^  We  have  hitherto  spoken  of  the  two  forms  of  fibrous  tissue  as  they 

2  occur  in  isolated  masses  ;  but  their  distribution  through  the  body  is 
far  more  extensive  than  this  description  would  imply.     In  a  diffused 

w       form,  blended  with  one  another  in  very  varying  proportions,  and  each 
^        one  of  them  presenting  a  variety  of  modifications,  they  compose  the 
)        areolar  tissuey  which  may  now  be  conveniently  considered  under  a 
separate  head. 


OF  THE  AREOLAR  TISSUE. 

{Cellular  or  Filamentous  Tisstie,) 

This  is  very  widely  dispersed  among  the  other  tissues  of  the 
body,  and  of  itself  constitutes  a  principal  portion  of  some  organs. 
It  serves  the  most  important  purposes  in  the  constrttction  of  the 
body,  by  binding  together,  and  yet  allowing  movement  between,  its 
elementary  parts:  and  it  contributes  largely  to  the  formation  of 
membranes  conferring  protection  by  their  toughness,  resistance,  and 
elasticity. 

ARcroscopie  characters. — When  a  fragment  of  the  areolar  tissue 
from  a  favourable  situation  is  examined*^  it  presents  an  inextricable 
interlacement  of  tortuous  and  wavy  threads  intersecting  one  another 
in  every  possible  direction.  They  are  of  two  kinds.  The  first  are 
chiefly  in  the  form  of  bands  of  very  unequal  thickness,  and  inelastic. 
Namerous  streaks  are  visible  in  them,  not  usually  parallel  with  the 
border,  though  taking  a  general  longitudinal  direction.  These  streaks, 
like  the  bands  themselves,  have  a  wavy  character,  but  they  are  ren« 
dered  straight  by  being  stretched.  The  streaks  seem  more  the  marks 
of  a  longitudinal  creasing,  than  a  true  separation  into  threads :  for  it 
is  imponible  by  any  art  to  tear  up  the  band  into  filaments  of  a  deter- 
minate size,  although  it  manifests  a  decided  tendency  to  tear  length- 
wise. The  larger  of  these  bands  are  often  as  wide  as  799  of  an  inch  ; 
they  branch,  or  unite  with  others,  here  and  there.  The  smaller  ones 
are  often  too  minute  to  be  visible,  except  with  a  good  instrument. 
These  are  the  white  Jibrous  element. 

The  others  are  long,  single,  elastic,  branched  filaments,  with  a  dark, 
decided  border,  and  disposed  to  curl  when  not  put  on  the  stretch. 
These  interlace  with  the  others,  but  appear  to  have  no  continuity  of 
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substance  wilh  them.     They  are  for  the  most  part  abont  the  j!!^ 
an  inch  in  thickness;  but  ne  oflen  see,  in  the  same  specimen,  oiliers 
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of  much  greater  density.     These  form  the  yellow  fibrous  elemeni 

These  two  tissues  maybe  most  easily  discrirainatet!  by  the  additio 
of  a  drop  of  dilute  acetic  acid,  which  at  once  swells  up  the  formei 
and  renders  it  transparent,  while  it  produces  no  change  in  the  laltei 
The  wavy  bands  of  the  white  fibrous  part,  on  being  loiiched  by  th 
acid,  may  be  seen  to  expand  en  masse,  and  not  as  though  they  cot 
sisted  of  a  mere  bundle  of  smaller  filaments;  yet  there  often  remain 
in  them  an  appearance  of  more  or  less  wavy  transverse  lines  at  prett 
equal  distances,  remotely  resembling  those  on  the  fibre  of  striped  mus 
cle.  These  we  are  unable  to  explain.  The  acid  also  brings  int 
view  corpuscles  of  an  oval  shape,  often  broken  into  fragments,  an 
stretching  for  some  distance  along  the  interior  of  the  band.  Thes 
seem  to  be  the  nuclei  of  the  cells  from  which  the  bands  have  bee 
originally  produced. 

In  the  earliest  period  at  which  the  areolar  lissue  can  be  examinee 
Schwann  has  described  it  as  consisting  of  nucleated  particles,  sendin 
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ofwls  on  the  opposite  rides,  and  connecting  themselves  with  others 
in  Ibe  vicini^.  The  threads  thus  formed  are  at  first  homogeoeous; 
the  longitndina)  streaks  and  the  wavy  cbanicter  appear  subsequently 
(%  7).  His  description  is  drawn  from  the  white  fibrous  element ; 
but  it  nay  be  extended  to  the  yellow  also. 

We  hare  observed  frequently  among  the  threads  of  areolar  tissue 
taken  from  adult  subjects  a  number  of  corpuscles  (8,  fig.  6),  either 
isolated,  or  having  very  delicate  prolongations  among  the  nelgbbouring 
threads.  These  seem  with  great  probability  to  be  either  advancing 
or  receding  stages  of  the  tissue. 

It  is  not  known  whether  the  ulflmate  elements  of  the  areolar  tis- 
sue haie  any  immediate  attachment  or  union  with  the  other  tissues, 
among  which  they  lie,  or  whether  they  merely  enclose  them  by  the 
complexity  of  their  web. 

By  the  endless  crossing  and  twining  of  these  microscopic  fila- 
meois,  and  of  fasciculi  of  them,  among  one  another,  a  web  of  amaz- 
ing intricacy  results,  of  which  the  interstices  are  most  irregular  in 
size  and  shape,  and  all  necessarily  communicate  with  one  another. 

This  is  well  seen  by  forcibly  filling  the  tissue  with  air  or  water  ia 
an;  region.  In  the  liring  body  this  is  very  obvious  in  anasarca,  and 
in  traumatic  emphysema,  as  in  the  remarkable  case  related  by  Dr. 
W.  Hunter  in  his  celebrated  paper  (Med.  Obt.  and  Ingmr.,  vol.  ii.  p. 
1'),  where  the  whole  body  was  blown  up  so  tensely  as  to  resemble  a 
drum. 

The  interstices  are  not  cavities  possessed  of  definite  limits,  because 
they  are  open  on  all  rides,  and  ulti- 
maiely  constituted  out  of  a  mass  of  Fig.  8. 

laagled  threads.  The  application  of 
the  term,  cell,  to  them,  is  therefore 
raappropriate ;  and  it  cannot  be  won- 
dtfied  at,  that  it  should  have  led  to 
much  confusion.  Id  certain  situa- 
lims,  however,  where  this  tissue  is 
in  great  abandance,  and  where  it  first 
3ttrac:ted  attention  at  the  time  when 
elementary  tissues  began  to  be  sepa- 
rately studied,  the  meshes  thus  form- 
ed are  disposed  so  as  to  constitute 
secondary  cavities,  having  a  some- 
what detertninate  shape  and  size,  and 
which  arc  virible  to  the  naked  eye. 
These  nnerally  contain  fat,  and  may 
be  admirably  studied  in  most  parts  of  p^„,„„  „,  Ar»iir  «««.  inB«wd  ind 
ifce  nibcutaneona  tissue.  They  are  ?"'^'*'^'Jf  ^EjJ^'I'.'SliniVJIdBiMM 
belter  deserving  the  namf  of  cells  h'm  «p^ni.d  wmurn.  iiqid.™i  ™n* 
than  the  interstices  formed  by  the  pln^^iiugi^irf*»aiydi^Mei^™' 
first  interlacement  of  the  elementary 

filaments.  But  they  commuaicate  freely,  as  the  smaller  ioterstices  do, 
their  vails  being  eveiy  where  cribriform,  and  capable  of  giving  passage 
to  air  <H  fluids. 
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The  areolar  tissue  is  one  of  the  most  extensively  clilTused  of  all  the 
eleraenis  of  orgiinization,  and  its  chief  purpose  seems  to  be  that  of 
connecting  together  other  tissues  in  such  a  way  as  to  permit  a  greiiter 
or  less  freedom  of  motion  between  them.  To  do  this,  il  is  placet!  ia 
their  interstices,  and  is  more  or  less  lax,  more  or  less  abunilanl, 
aticording  to  the  particular  exigency  of  the  part.  It.  is  by  niesnsof 
this  tissue,  as  well  as  by  the  complexity  of  its  own  web,  that  almost 
evety  part  of  the  vascular  system  is  fixed  in  its  position,  and  allowed 
to  undergo  the  movements  impressed  upon  it  by  (he  circulative  powtR. 
Even  the  capillaries  supplying  this  systetn  itself  are  for  the  most  part 
brought  to  it,  and  enveloped,  by  tms  tissue. 

So  true  and  comprehensive  is  this  description  of  the  associalion 
of  the  areolar  tissue  with  the  vascular,  that  it  would  be  difficult  to 
point  out  a  single  instance  in  which  one  office  of  the  former  is  not 
to  envelop  and  protect  the  latter.  But  the  slaleraents  that  have 
been  made  of  its  universal  presence  have  no  good  evidence  in  their 
favour.  In  the  compacter  parts  of  bone,  in  teeth,  and  in  cartilage, 
it  is  certainly  not  present ;  and,  indeed,  it  could  serve  no  purpose 
in  those  structures.  In  the  substance  of  the  brain,  also,  it  does  not 
exist,  excepting  around  the  vessels  two  or  three  removes  from  the 
capillaries. 

In  the  muscles  it  connects  the  elementary  fibres  to  one  another, 
and  preserves  them  from  undue  separation  during  contraction ;  but 
even  here  it  is  bound  within  the  same  limits  as  the  capillaries,  not 
penetrating  the  sarcolemma  to  touch  the  contractile  element  within. 
It  enters  the  muscles  abundantly  along  with  their  vessels  and  nerves- 
It  is  remarkable,  however,  that  the  central  organ  of  the  circulation, 
like  the  central  organ  of  the  nervous  system,  contains  this  tissue  is 
very  small  proportion  ;  one  reason  of  which  seems  to  be,  that  its  fibres 
differ  from  the  parallel  fibres  of  other  muscles,  by  twining  among  me 
another,  and  thus  are  enabled  to  dispense  with  an  extraneous  bottd 
of  connection. 

Besides  penetrating  between  the  fibres  of  the  muscles,  whose  mi- 
nute parts  are  in  continual  movement  upon  one  another  during  con- 
traction, it  generally  invests  their  exterior,  in  a  profusion  proportioned 
to  the  extent  to  which  these  organs  move  as  a  whole  upon  neigh- 
bouring parts,  of  which  the  best  examples  may  be  seen  between  the 
great  muscles  of  the  extremities;  between  these  and  their  enveloping 
fasciie  (not  their  fascio!  of  origin);  under  the  occipi  to-front  a  lis  muscle 
and  its  tendon  ;  and  in  the  upper  eyelids. 

The  areolar  tissue  is  also  present  in  immense  quantities  under  the 
skin  of  most  parts  of  the  body,  and  especially  where  great  mobility  of 
the  integument  is  required,  either  as  a  protection  to  deeper  organs 
against  external  violence,  or  to  facilitate  the  various  movements  ^f 
the  frame.  Such  are  the  regions  of  the  abdomen,  and  of  several  of 
the  articulations,  and  the  eyelids. 

Around  internal  organs  which  change  their  form,  size,  or  position 
in  the  routine  of  their  functions,  and  which  are  wholly  or  partially 
without  a  free  surface,  as  the  pharynx,  (psophagus,  lumbar  colon,  blad- 
der, &c.,  this  tissue  is  abundant,  and  its  lilaments  so  long,  tortuous. 
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and  laxly  interwoven,  as  to  admit  of  a  ready  and  extensive  motion 
OD  the  neighboaring  viscera. 

This  tissue  likewise  forms  a  layer  lying  under  the  mucous  and 
the  serous  membranes  in  almost  every  situation,  though  presenting 
great  variations  of  quantity  and  denseness :  It  renders  the  move- 
ments of  such  parts  easy.  It  also  closely  invests  the  exterior  of 
erery  gland  and  parenchymatous  organ,  and  enters  more  or  less 
abuodaotly  into  its  inner  recesses,  along  with  its  vessels,  nerves,  and 
absorbents :  but  there  is  no  doubt  that  it  has  been  supposed  to  have 
a  much  greater  share  in  the  formation  of  this  numerous  class  of  or- 
gans than  an  ultimate  anatomical  analysis  of  them,  conducted  with 
careful  precision,  will  at  all  warrant.  In  all  these  cases  it  is  a  more 
or  less  copious  attendant  on  the  vessels ;  but  wherever,  either  from 
the  intricacy  of  the  interlacement  of  the  capillaries  with  the  other 
essential  elements  of  the  particular  organ,  or  the  greater  strength  of 
these  elements  themselves,  the  firm  contexture  of  the  whole  is  pro- 
vided for,  while  little  or  no  motion  is  required  between  its  parts,  this 
interstitial  filamentary  tissue  will  be  found  to  be  confined  to  the  larger 
blood-vessels,  and  to  the  surface  of  the  natural  subdivisions  of  the 
organ. 

For  the  present,  it  may  be  sufficient  to  illustrate  this  remark  by 
contrasting  two  important  glands,  in  reference  to  this  point.     The 
liver  is  well  screened  from  injury  by  its  position ;  it  is  liable  to  no 
change  of  bulk  ;  it  consists  throughout  of  a  continuous  and  close  net- 
work of  capillaries,  the  interstices  of  which  are  filled  by  the  nucleated 
secretion-particles.     The  lobules  resulting  from  the  distribution  of 
the  vessels  and  ducts  blend  together  at  numerous  points,  and  have 
no  motion  on  one  another.     Here  the  areolar  tissue  is  in  very  small 
quantity,  and  is  limited  to  the  ramifications  of  the  vessels  and  ducts. 
The  mamma  J  on  the  other  hand,  is,  by  its  situation,  peculiarly  ob- 
noxious to  external  injury.     It  is  broken  up  into  numerous  subdi- 
visions, which  move  with  the  utmost  freedom  on  one  another,  and  it  is 
moreover  liable  to  temporary  augmentations  of  bulk.     In  this  import- 
ant gland  not  only  is  there  a  common  investment  of  peculiar  density, 
but  an  extraordinary  abundance  of  areolar  tissue  disseminated  through- 
out its  interior. 

Thus,  this  tissue,  so  widely  spread  throughout  the  body,  whether 
it  serve  the  purpose  of  an  investment  to  large  segments  or  masses, 
under  the  form  of  a  membrane,  strengthening  and  protecting  them, 
and  escorting  their  vessels  and  other  components  into  and  from  their 
substance  (atmospheric),  or  as  a  web  of  union  between  the  simplest 
elements  of  their  organization  (parenchymal),  is  to  be  regarded  as 
rather  taking  a  subordinate  or  ministering  share  in  the  constitution  of 
the  frame,  than  as  being  of  primary  importance  in  itself. 

It  is  a  cement  that  allows  of  separation  between  what  it  binds  to- 
gether ;  and  it  accomplishes  this  double  purpose  in  a  manner  suited 
to  the  necessities  of  diverse  parts,  by  a  variety  so  simple  in  the  num- 
ber, intricacy,  and  closeness  of  its  threads,  as  to  be  worthy  of  the 
highest  adfniration,  while  it  is  wholly  inimitable  by  art. 

Where  great  elasticity  is  required,  the  yellow  element  preponde- 
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rates;  while  the  v;hite  6hrous  element  ahoimds  in  parts  demanding 
tenacity  and  powtr  nf  resistance.  In  all  cases  the  openness  of  the 
network  is  proporiioned  to  the  extent  of  mobility  required.  Where 
the  meshes  are  small,  the  threads  composing  ihem  branch  and 
anastomose  with  one  another  with  much  greater  frequency.  The 
texture  of  ibe  cutis  atfords  the  most  characlerislic  example  of  this 
condition. 

Physical  properties. — These  have  only  been  studied  hitherto  in 
those  situations  where  the  tissue  exists  in  great  abundance,  as  in  the 
subcutaneous  fascia,  the  shealhs  of  muscles,  &c.  It  has  here  a  whit- 
ish hue,  especially  when  steeped  in  water.  It  is  ejclensihle  in  nil 
directions,  and  is  very  elastic,  returning  to  its  original  disposilinn 
at^er  stretching.  It  possesses  no  conlraclility  beyond  that  attribu- 
table to  the  vessels  which  are  everywhere  found  in  connection  with 
it,  and  in  such  situations  in  great  profusion.  Its  sensibility  is 
usually  slated  to  be  low;  but  it  may  be  doubted  whether  the  nerves 
can  in  any  case  be  said  to  be  distributed  to  this  tissue,  which  hu 
been  already  shown  to  he  an  appendage  and  protector  to  these  and 
other  organs.  Its  asserted  powers  of  absorption  and  secretion  appet^ 
tain  to  the  capillary  blood-vessels,  rather  than  to  the  threads  of  the 
areolar  tissue. 

This  tissue,  like  all  other  soft  solids,  contains  a  large  quantity  of 
water.  This  keeps  the  filaments  moist,  without  being  so  abundant 
as  to  be  free  in  their  interstices.  A  morbid  increase  of  this  fluid  in 
the  subcutaneous  areolar  tissue  occasions  the  condition  called  ana- 
sarca, and  which  may  be  known  by  the  skin  pitting  under  the  pressure 
of  the  finger. 

When  dried,  out  of  the  body,  areolar  tissue  becomes  hard  and 
transparent,  but  resumes  its  former  slate  if  moistened.  It  undergoes 
the  putrefactive  process  slowly.  It  is  one  of  that  class  of  tissues 
which  yields  gelatine  by  boiling,  the  gelatine  being  derived  from  the 
white  fibrous  element  only. 

The  great  value  of  areolar  tissue,  in  facilitating  the  motion  of 
parts  between  which  it  is  situate,  is  shown  by  the  efTects  nf  ioflam- 
mation,  or  other  diseases  whieh  injure  its  physical  properties.  It  is 
well  known,  that,  when  the  subcutaneous  tissue  is  the  seat  of  phleg- 
monous inllammation,  the  movements  of  the  part  affected  are  stifl" 
and  painful,  or  altogether  impeded,  because  the  subjacent  muscles 
cannot  move  freely,  by  reason  of  the  loss  of  elasticity  in  the  areolar 
tissue.  When  this  tissue  becomes  indurated  by  an  efl'usion  of  coagu- 
lahle  material,  the  movements  of  the  diseased  limb  are  similar)/ 
impaired. 


OF  THE  ADIPOSE  TISSIJE,  AND  OF  FAT. 

This  tissue  has  no  alliance  either  of  structure  or  function  with  the 
areolar  tissue ;  it  is,  however,  usually  deposited  in  connection  with 
that  tissue,  and  therefore  we  find  it  convenient  to  notice  it  here. 
Malpighi,  W.  Hunter,  Monro,  and,  more  recently,  other  distinguished 
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aoatoiDists,  poioted  out  tbe  distinctness  of  these  two  tissues ;  but  such 
hu  been  tike  influeace  of  the  term  cellular,  applied  to  both,  that  they 
ue  still  usual]}'  classed  together.  Now,  however,  that  microscopes, 
OD  which  reliaoce  can  be  placed,  declare  their  totally  distinct  nature, 
it  is  full  time  that  they  be  treated  of  as  altogether  distinct  and  inde- 
pendent tissues. 

A  common  use  of  the  adipose  tissue  being  to  occupy  spaces  of 
Tarious  dimensions  lefl  in  tbe  interstices  between  organs,  and  thus 
to  facilitate  motion  and  contribute  to  symmetry,  it  is  rery  commonly 
closely  associated  with  the  areolar  tissue  ;  but  the  connection  is  not 
an  essential  one.  In  the  cancelli  of  bones  there  is  a  large  deposit  of 
fat,  but  none  of  this  filamentary  tissue ;  and  in  numerous  situations, 
as  the  eyelids,  beneath  the  epicranial  aponeurosis,  between  the  rec- 
tum and  bladder,  under  the  mucoup  membranes,  and  in  the  whole 
of  the  cutis,  the  areolar  tissue  exists  without  being  ever  accompanied 
by  fot.  Nevertheless,  their  apparent  admixture  in  many  situations 
has  given  rise  to  the  term  "  adipose  cellular  tissue"  applied  to  the 
two  combined,  as  distinguished  from  that  areolar  tissue  which  contains 
DO  fat.  This  term  should  be  discarded  as  leading  to  much  miscon- 
ceptioD. 

.\  dislioctioa  is  to  be  drawn  between  fat  and  the  adipose  tissue. 
The  (utile  is  a  membrane  of  extreme  tenuity,  in  the  form  of  closed 
cells  or  vesicles  ;  thejat  is  the  material  contained  within  them. 

The  membrane  of  the  adipose  vesicle  does  not  exceed  the  taiim  of 
an  inch  in  thickness,  and  is  quite  transparent.  It  is  moistened  by 
watery  fluid,  for  which,  as  Mr.  Paget  has  su^ested,  it  has4  greater 
ittnction  than  for  the  fat  it  contains.  It  is  perfectly  homogeneous, 
hiTiag  no  appearance  of  compound  structure,  and  consequently  be- 
longs to  the  class  of  simple  or  elementary  membranes.  Each  vesicle 
ill  perfect  organ  in  itself;  is  from  the  jJs  to  the  iJi  of  an  inch  in 
dimeter,  when  fully  developed ;  and  is 
tupplied  on  its  exterior  wiib  capillanr 
lilwd- vessels,  having  a  special  disposi- 
tion. 

The  fat  vesicles  are  usually  deposited 
■■  great  numbers  together,  and  they  then 
becoDie  flattened  on  their  contiguous  as- 
ptcti,  and  assume  a  polyhedral  figure  more 
otless  regular  (6g.  9).  But,  if  isolated, 
iheitfonn  is  rounded,  as  may  be  seen  in 
winent  beauty  in  the  double  series  of  them 
*tiich  frequently  accompanies  the  minute 
T^neli  traversing  membranous  expansions 
of  (he  areolar   tissue,  and  other  lamellar 

*raclDres,  as  the  mesentery  of  small  ani-  ,„,^hrF  th.i.  m;  iV~i' 
null.  The  vessels  are  thus  attended  by  ■>«  nm  n'pnMm'd-FW  tk* 
ftt  Ttiicles,  for  the  manifest  purpose  of  IZI'dT^  '"'■"^''  '^  ^ 
protection  from  the  pressure  to' which  they 

votild  be  exposed  in  their  open  course,  and  they  throw  around  each 
Tciicle  a  capillary  loop. 
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Where  the  fat  is  in  considerable  ciuantity,  it  is  commonly  s 

■  ■^Tided  into  a  number  of  small  fragments  or  lobules,  fitted  accurately 

w'fo  one   another  and  investerl  with  areolar  IJ.ssue,  for   the   purpose, 

1   chiefly,  of  permitting  motion  between  the  parts  of  the  mass,  but,  ' 

for  the  convenience  of  the  distribution  of  its  blood-vessels. 

Fig.  10. 


The  hlood-vessels  enter  the  chinks  between  the  lobules  (fig.  10, 
;,  2),  and  soon  distribute  themselves  through  their  interior,  under  the 
form  of  a  solid  capillary  network,  whose  vessels  occupy  the  angles 
l.fcrmed  by  the  contiguous  sides  of  the  vesicles,  and  anastomose  wilb 
I  one  another  at  the  points  where  these  angles  meet.  This  is  one  of 
^  those  situations  where  the  capillary  vessels  can  be  most  unequivocally 
Jiroved  to  possess  distinct  membranous  parietes. 

Fat. — Fat  is  a  white  or  yellow  unctuous  substance,  unorganized, 
Jnd  secreted  into  the  interior  of  the  adipose  vesicles.  Chemists 
^iave  distinguished  in  it  Iwo  solid  proximate  principles,  itcarine  and 
Margarine,  combined  with  a  f3uid  one,  or  oil,  elaine;  on  the  relative 
proportions  of  which  the  principal  of  the  numerous  modificaiions  of 
its  external  qualities  would  seem  to  depend.  These  principles  may 
be  obtained  by  different  means.  Boiling  alcohol  dissolves  both,  but 
on  cooling  deposits  the  stearine  in  snow-while  flakes;  and  the  elaine 
may  be  set  free  by  the  addition  of  water,  for  which  the  alcohol  has 
s  superior  affinity.  Or,  the  elaine  may  be  separated  by  pressure. 
"Btearine  preserves  its  solidity  at  a  temperature  of  167°  Fahr.,  and 
'Elaine  remains  fluid  at  63°  or  65°  F.  Margarine  exisls  along  with 
Lrtearine  in  most  fats,  and  may  be  separated  from  it  by  ether,  which 
dilsotves  margarine,  but  not  stearine  ;  it  is  said  to  exist  alone  in 
human  fat,  which  is  therefore  destitute  of  stearine.     These  proximate 
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elements  of  fat  are  regarded  bj  modern  chemists  as  natural  com- 
pounds of  certain  organic  acids  with  an  organic  base,  to  which  the 
name  of  glycerine  has  been  given,  from  its  sweet  taste.  The  acids 
are,  the  stearic^  margariCy  and  elaic ;  and  the  proximate  principles 
are,  respectively,  a  stearate,  a  margarate,  and  an  elaate  of  glycerine. 
By  boiling  oil  or  fat  with  a  solution  of  caustic  alkali,  the  acids  unite 
with  the  potash,  forming  soap,  and  the  glycerine  remains  dissolved 
m  the  liquid.  By  evaporating  this  liquid  (in  which  any  excess  of 
alkali  had  been  previously  neutralized  by  tartaric  acid)  to  a  thick 
syrup,  the  glycerine  may  be  obtained  from  it  in  solution  by  strong 
alcohol. 

We  may  often  detect  a  spontaneous  separation  of  these  two  proxi- 
mate principles  within  the  fat  vesicle  of  the  human  subject.     The 
solid  portion  collects  in  a  spot  on  the  inner  surface  of  the  cell-mem- 
brane, and  looks  like  a  small  star  (fig.  11, 
2,  2,  2).     The  elaine  occupies  the  remainder  Fig.  ii. 

of  the  vesicle,  except  when  the  quantity  of 
fat  in  the  cell  is  smaller  than  usual ;  in  which 

case  we  may  often  discern  a  little  aqueous        ^ /^J^flfikT"  ^ 

fluid  between  the  elaine  and  the  cell-mem- 
brane on  the  side  farthest  from  the  star  (fig. 
11,  1,  1,):  a  condition,  by  the  way,  which 
is  very  favourable  for  the  observation  of  this 
membrane  itself. 

rT««  Ai*i        t*  r  A  y  •!.]  Fftt  veticlet  froia  an  emaeiaN 

The  softer  kinds  of  fat  were  denominated     ed  rabjectt-i.  i.  The  caii- 
by  the  older  anatomists  jnwgtiedo,  lard  ;  and     STiSSn^^liected' a.^'a'^iSr^HkS 
the  more  solid,  sehum  or  sevum,  suet,  tal-     J-^JS^^b^/tt*  SuTSS 
low.     Hunter  distinguishes  four  varieties  as     c«u. 
to  fluidity ;  oil,  lard,  tallow,  and  spermaceti. 

The  elaine  of  human  fat  retains  its  fluidity  at  40^  F.  Lard  melts  at 
86^  F.;  tallow  al  104^  F.  Spermaceti  is  fluid  in  a  heat  above  115^ 
F.,  and  solid  at  112^.  Oil  is  elaine  with  little  or  no  stearine,  as  the 
neat's  foot  oil,  obtained  from  the  bones  of  the  ox.  In  lard  the  stearine 
is  in  abundance,  but  the  elaine  slightly  predominates.  In  tallow  and 
q>ermaceti  there  is  a  predominance  of  stearine. 

UUimaie  analysis  of  Fat. — Human  fat,  according  to  Chevreul,  con- 
sists of 

Hydrogen  11*416 
Carbon  79*000 
Oiygen        9*584 


100*000 


Disirihuiion, — The  adipose  tissue  is  found  very  extensively  in  the 
animal  kingdom.  It  is  found  in  larvse  as  well  as  in  the  perfect 
insect:  also  in  the  mollusca.  It  prevails  in  all  the  tribes  of  the 
Tertebrata.  In  fish  it  occurs  throughout  the  body ;  but  in  some, 
as  the  cod,  whiting,  haddock,  and  all  of  the  ray  kind,  according 
to  Hunter,  it  is  only  met  with  in  the  liver.  In  reptiles  it  exists 
chiefly  in  the  abdomen.  In  the  frog,  toad,  &c.,  it  is  found  in  the 
form  of  long  appendages,  like  the  appendices  epiploicse,  situated  on 
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u  each  side  of  the  spine.     In  birds  it  exists  chielly  between  thepni- 

^  toneurn   and  abdominal  muscles;  but  there   is  also  a  considerable 

I-  deposit  in  the   bones  of  the  le^s,  feet,  last  bones  of  the  wings,  anit 

I  af  the  tail,  especially  of  the  swimining  tribes,  the  oily  principle  being 

Itlonre  abundant  than  in  mammals.     In  mammalia  il  is  very  geoerally 

\  idiflfused.     This  class,  as  a  whole,  has  (he  greatest  quantity  undec 

the  skin,  and  about  certain    of  (he  abdominal  viscera;  but  the  hare 

forms  a  remarkable  exception,  it  being  sometimes  difficult  to  find  a 

partifle  in  its  whole  body.    It  usually  abounds  most  in  the  beginning 

of  winier ;  and  this  is  especially  the  case  with  the  hog,  and  with  hy- 

bernating  animals,  which,  during  their  dormant  stale,  absorb  it  into 

I -the  system. 

t  It  IS  ordinarily  accumulated  in  large  masses  about  the  kidneys,  more 
particularly  in  ruminants,  where  it  furnishes  the  best  example  of  that 
Tariety  of  it  termed  suet. 

Among  mankind  many  remarkable  varieties  exist  in  regard  to  this 
tissue.  Thus,  in  general,  women  are  fatter  than  men.  The  healthy 
human  fcElus,  after  the  middle  of  the  period  of  gestation,  accumulates 
I  &t  in  considerable  quantities  :  towards  middle  age,  there  is  a  similar 
I  ^sposition,  which  has  not  escaped  ordinary  observation,  "  Fat,  fair, 
I  and  forty:"  in  old  age  and  decrepitude,  the  adipose  deposit  greatly 
I   diminishes. 

I  Dilfe'rences  are  also  constantly  seen  in  individuals,  which  can  be 
[•  referred  only  to  an  original  constitutional  bent.  Thus  young  children 
\  »re  occasionally  so  overloaded  with  Ibis  tissue  as  to  be  unable  to  fol- 
I  low  Ihetr  sports;  and  it  is  not  uncommon  for  a  similar  tendency  to 
I  i^B&nifest  itself  towards  the  adult  period,  particularly  in  girls.  In 
l.elderly  persons,  fat  is  especially  prone  to  be  accumulated  over  the 
1  Bbdomen,  and  between  the  layers  of  the  epiploon  and  mesentery. 
I  Instances  where  it  attains  the  thickness  of  three  or  four  inches  under 
I  the  skin  of  the  belly  are  not  unfrequent  in  corpulent  persons.  A 
I  Bmilar  abundance  occasions  Ihe  "  double  chin." 
I  It  is  perhaps  possible  for  the  body  to  grow  so  egregiously  fat  as  lo 
I  become  lighter  than  water  ;  but  whether  implicit  faith  is  to  be  placed 
I  in  the  story  of  the  Italian  priest  Paolo  Moecia,  who  weighed  thirty 
I  |)ounds  less  than  his  bulk  of  water,  and  therefore  could  not  sink  in 
I  tbat  fluid,  we  do  not  pretend  to  decide.  The  excessive  deposit  of 
I  ^is  substance  constitutes  a  disease,  which  has  been  not  very  correctly 
t  called  polysarcia.  John  Bull  is  celebrated  for  his  proneness  to  accu- 
I  mulate  fat :  M.  Blainville  remarks,  with  naivele,  "  We  have  seen  many 
I  individuals  of  the  English  nation  whom  embonpoint  bad  rendered  al- 
[  most  monstrous  ;  and  I  remember,  among  others,  a  man  exhibited  at 
f  the  Palais  Royal  who  weighed  five  hundred  pounds.  He  was  literally 
I  M  broad  as  he  was  long," 

L       Among  the  Hottentot  women,  the  fat  is  apt  to   gather  in  the  but- 
I  tocks,  and  is  considered  a  prominent  mark  of  beauty  ;  but  this  does 
}  not  usually  occur  till  afler  the  first  pregnancy.     A  somewhat  analo- 
gous formation  exists  in  a  variety  of  sheep,  (Ovis  steatopyga,  fat- 
butlocked  sheep.    Pallns,)  reared  by  the  pastoral  tribes  of  Asia,  in 
which  a  large  mass  of  fat  covers  Ihe  buttocks  and  takes  the  place  of 
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the  tail,  appearing  when  viewed  from  behind  as  a  double  hemi- 
sphere, in  the  notch  of  which  the  coccyx  is  buried,  but  is  just  percep- 
tible to  the  touch.  These  protuberances,  when  very  large,  fluctuate 
from  side  to  side,  and  sometimes  attain  the  weight  of  thirty  or  forty 
pounds. 

The  quantity  of  fat  in  a  moderately  fat  man  is  estimated  by  Beclard 
at  about  the  twentieth  of  the  weight  of  the  body. 

Fat  is  found  in  the  following  situations  in  the  human  body :  in  the 
orbits,  in  the  cheeks,  the  palms  of  the  hands  and  soles  of  the  feet, 
at  the  flexures  of  the  joints,  and  between  the  folds  of  the  synovial 
membranes  of  joints,  around  the  kidneys,  in  the  mesentery  and  omen- 
tum, in  the  appendices  epiploicae,  on  the  heart,  in  the  subcutaneous 
layer  of  areolar  tissue,  but  especially  that  of  the  abdomen,  and  of  the 
mammary  region,  and  in  the  cancelli  and  canals  of  the  bones,  form- 
ing the  medulla.  It  never  occurs  in  the  areolar  tissue  of  the  scrotum 
and  penis,  or  of  the  nymphse,  nor  in  that  between  the  rectum  and 
bladder,  nor  along  the  median  line  beneath  the  skin,  nor  in  sundry 
other  situations. 

Fat  is  found  in  the  liver,  and  in  the  brain  and  nerves,  and  occa- 
sionally in  other  organs.  In  these  organs  it  is  not  enclosed  in  vesi- 
cles of  adipose  membrane,  but  in  the  elementary  parts  of  the  tissues 
themselves,  as  in  the  epithelium  cells  of  the  liver,  and  in  the  tubes 
lod  globules  of  the  nervous  substance. 

Development  of  adipose  tissue. — The  vesicles  of 
the  adipose  tissue   are   originally  furnished  with  ^'g*  ^^' 

nuclei,  with  a  central  granule  or  nucleolus.  The 
nucleus  is  situated  on  the  inner  surface  of  the  cell- 
membrane,  or,  if  this  be  thick,  in  its  substance. 
The  nucleus  is  speedily  absorbed,  and  never  after- 
wards appears.  Thus  it  is  probable  that  the  origi- 
nal development-cell  assumes  a  permanent  form  in 
the  adipose  vesicle. 

Formation  of  fat. — Many  facts  prove  that  the  a  f*«^jj^^|»  ^^ 
elements  of  fat  are  derived  from  the  blood.  AH  Schwann;— e.  tho 
the  most  recent  analyses  of  that  fluid  assign  to  it  a  j.^^  xmStvm^^*^' 
certain  proportion  of  both  the  crystalizable  and  the 
oily  portion  of  the  fat ;  according  to  Lecanu,  about  four  parts  in  a 
thousand.  In  some  instances,  the  fatty  matter  accumulates  in  the 
blood  ;  cases  of  which  have  been  recorded  by  Morgagni,  Hewson, 
Marcet,  Traill,  and  Babington.  In  such  cases  the  serum  is  opaque 
and  nearly  as  white  as  milk,  and,  on  standing  a  short  time,  a  film 
forms  on  the  surface  like  cream.  On  the  addition  of  ether,  the  creamy 
pellicle  is  dissolved,  and  the  serum  loses  its  opacity.  M.  Blainville 
relates  that,  in  dissecting  the  last  elephant  which  died  at  the  Jardin 
des  Plantes,  he  happened  to  wound  the  jugular  vein,  and  the  next 
morning  he  found  that  the  stream  of  blood,  which  flowed  from  the 
vein,  had  deposited  on  each  side  a  considerable  quantity  of  a  fine  fatty 
matter,  which  on  analysis  he  found  to  have  exactly  the  composition 
of  ordinary  fat. 

From  what  source  is  this  fatty  material  furnblied  to  the  blood  ? 
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From  fatly  matters  introiliiced  into  tbe  system  in  the  food  wIielBe 
in  animal  or  vegetable  substances;  probably,  also,  from  those  parts 
of  (he  food,  which,  in  composition,  resemble  fat  most  nenrly,  such  >s 
tbe  non-nitrogen ize<l  articles  of  diet,  starch,  gum,  sugar,  alcohol,  beer, 
&c.  Liebig  states,  that,  by  the  separation  of  a  small  proportion  of 
oxygen,  any  of  these  substances  Mfill  present  a  composition  similar  to 
that  of  fat,  and  that  an  equivalent  of  starch  may  be  changed  into  one 
of  fat,  by  giving  up  one  equivalent  of  carbonic  ocid,  and  seven  equi- 
valents of  oxygen. 

If,  then,  the  system  be  imperfectly  supplied  with  oxygen,  whi!e 
organic  compounds  containing  carbon  are  furnished  to  it  in  con- 
siderable quantity,  the  most  favourable  condiliotis  will  exist  for  the 
dereiopment  of  fat.  The  oxygen  required  will  be  abstracted  from 
the  carbonized  food,  which,  by  that  diminution  of  oxygen,  will  be 
changed  into  a  fat.  On  the  other  hand,  exercise  and  labour,  which 
increase  the  supply  of  oxygen,  diminish  or  prevent  the  formalionof 
fat.  "  The  production  of  fat,"  says  Liebig, "  is  always  a  consequence 
of  a  deficient  supply  of  oxygen,  for  oxygen  is  absolutely  inifispen- 
sable  for  the  dissipation  of  the  excess  of  carbon  in  the  food.  This 
excess  of  carbon,  deposited  in  Ihe  form  of  fat,  is  never  seen  in  the 
Bedouin  or  in  the  Arab  of  the  Desert,  who  exhibits  with  pride  to  the 
traveler  his  lean,  muscular,  sinewy. limbs  altogether  free  from  fat; 
but  in  prisons  and  gaols  it  appears  as  a  puIBness  in  the  inmates,  fed, 
as  they  are,  on  a  poor  and  scanty  diet;  it  appears  in  the  sedentar)- 
females  of  oriental  countries;  and,  finally,  it  is  produced  under  the 
^vetl-known  conditions  of  the  fattening  of  domestic  animals."  (Lie- 
big'a  Organic  Chemistry  of  Physiology.) 

A  good  illustration  of  those  views  is  afforded  by  tbe  carnivorous 
animals.  In  the  wild  slate,  living  entirely  on  azolized  food,  and 
enjoying  abundance  of  air  and  exercise,  they  are  lean  ;  but,  when 
domesticated,  living  on  a  mixed  diet,  devouring  a  highly  carbona- 
ceous food,  taking  little  exercise,  and  being  imperfectly  supplied  with 
oxygen,  they  grow  fal. 

In  animals  that  bybernale,  fat  is  deposited  in  enormous  qunntity 
just  prior  to  the  hybernaling  pcriorl,  and  during  that  time  it  gradnnlly 
disappears,  supplying  nutriment  to  the  system,  and  carbon  for  Ihe  re- 
spiratory process.  These  facts  were  clearly  ascerlained,  in  hedgehogs, 
by  the  celebrated  Dr.  Jenner. 

Liebig  supposes  that  Ihe  formation  of  fat  is  attended  with  Ihe  de- 
velopment of  heat,  for  the  oxygen  disengaged  in  Ibis  process  unites 
■with  carbon  derived  from  the  same  or  a  difierent  source,  and  an 
amount  of  heat  is  generated  proportionate  to  the  quantity  of  carbonic 
acid  thus  formed.  But  it  may  be  fairly  questioned,  whether  ibe 
temperature  of  the  body  is  thereby  elevaled,  since  the  separation  of 
the  oxygen  would  be  doubtless  attended  by  a  degree  of  cooling  suf- 
ficient to  neutralize  the  heat  developed  in  the  formation  of  carbonic 
acid. 

Lastly,  fat,  being  a  bad  conductor  of  heat,  is  useful  for  retaining  it 
in  the  bodies  of  animals.  Hence  those  animals  that  have  little  hair 
on  their  akins,  have  the  greatest  quantity  of  subcutaneous  fat.     This 
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is  remarkably  the  case  in  the  seal  tribe,  which  has  a  large  quantity 
of  fiEit  between  the  skin  and  its  muscle,  and  is  almost  devoid  of 
cotaneous  covering ;  and,  in  man,  the  subcutaneous  fat,  which  is  so 
generally  met  with,  even  in  apparently  lean  subjects,  is  doubtless  a 
protection  against  cold. 

The  folIdwiDg  works  may  be  consulted  on  the  snbjects  discussed  in  this  chapter: 
— The  treatises  on  Generah  Anatomy  by  Bichat,  B^clard,  Craigie,  and  Henle ;  Hilde- 
brandt's  Anatomie,  by  Weber;  Blainville,  Le9ons  de  Physiologie;  Liebig's  Organic' 
Chemistry;  Hanter's  remarks  on  Fat,  in  the  Catalogue  of  the  Hnnterian  Museum,  vol. 
ill.  p.  2. 


k 


CHAPTER  IV. 

PASSIVE  ORGANS  OF  LOCOMOTION,  CONTINUED. — OF  CARTILAGE  AND 

FIBRO-CARTILAGE. 

Cartilage  is  extensively  used  in  the  animal  frame,  and  is  one  of 
the  simplest  of  the  textures.  Like  the  adipose  tissue,  it  approaches 
very  closely  in  its  intimate  structure  to  the  cellular  tissue  of  vege- 
tables. 

In  the  development  of  the  embryo,  it  .is  one  of  the  first  tissues  to 
appear  as  a  distinct  structure,  and  it  constitutes  the  internal  skeleton 
in  its  earliest  condition  in  the  animal  scale.  The  rudimentary  skele- 
ton of  the  cephalopoda  consists  of  it ;  and  in  one  class  of  fishes  (hence 
termed  cartilaginous,  as  the  shark,  ray,  lamprey)  the  skeleton  is  en- 
tirely composed  of  it. 

In  man,  and  the  higher  animals,  cartilage  is  employed  temporarily, 
as  a  nidus  for  bone,  in  the  early  stages  of  life,  and  is  then  called 
temporary  cartilage.  This,  at  a  certain  period,  begins  to  ossify,  and 
finally  disappears  by  being  converted  into  bone.  At  one  time,  the 
greatest  part,  if  not  the  whole,  of  the  skeleton  is  cartilaginous  ;  and 
for  a  considerable  period  after  birth  the  extremities  of  the  long  bones 
are  chiefly  composed  of  cartilage,  and  the  larger  processes  are  con- 
nected to  the  shaft  of  the  bone  by  this  substance. 

For  other  purposes,  however,  a  cartilage  is  employed  which  is  not 
prone  to  ossify,  Viz, ^  permanent  cartilage,  and  this  is  used  either  in 
joints  {articular  cartilage),  or  in  the  jwalls  of  cavities  {membrani' 
form  cartilage).  The  articular  variety  is  either  disposed  as  a  thin 
layer  between  two  articular  surfaces,  and  equally  adherent  to  both, 
as  in  the  synarthrodial  joints  (the  cranial  sutures,  the  sacro-iliac 
symphyses,  &c.) ;  or  it  forms  an  encrustation  upon  the  articular 
ends  of  the  bones  entering  into  the  composition  of  diarthrodial 
joints;  thos,  the  extremities  of  the  femur,  tibia,  the  arm-bones,  &c., 
are  all  coated  with  a  layer  of  cartilage,  moulded  to  the  shape  of  the 
articular  surfaces.  The  membraniform  cartilages  are  not  employed 
in  connection  with  the  locomotive  mechanism,  but  serve  to  guard 
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the  orifices  of  canals  or  passages,  or  to  form  tabes,  that  require  to 
be  kept  permanently  open;  the  elasticity  of  the  material  affecting 
this  without  the  expenditure  of  any  vital  force.  Thus  we  fi^  this 
Tariely  of  cartilage  in  the  external  ear,  in  the  Euslachian  tube,  in 
I  the  nostrils  and  eyelids,  and  in  the  larynx,  trachea,  and  bronchial 
\  ramiJications. 

Physical  characlers. — Cartilage,  in  colour,  varies  from  an  azure, 
I  or  pearly  white,  to  a  whitish  yellow.  The  temporary  and  articular 
I  varieties  present  the  former  colour ;  the  merabraniform,  for  the  most 
I  part,  the  latter. 

[  Elasticity,  flexibility,  and  considerable  cohesive  power  are  the  chief 
I, physical  properties  of  this  texture;  and  in  these  qualities,  and  espt- 
I  oially  in  the  first,  consists  its  great  value,  both  in  contributing  to  the 
[, perfection  of  the  locomotive  apparatus,  and  in  its  adaptation  to  other 
I  purposes.  Cartilage  is  not  brittle:  a  thin  piece  may  be  broken 
I  across  by  being  suddenly  bent  at  a  very  acute  angle ;  but,  tn  general, 
F  cartilage  will  bend  easily  without  the  occurrence  of  fracture,  and 
I  will  speedily  resume  its  former  direction  on  the  bending  force  being 
removed. 

Slruclure. — The  simplest  kind  of  cartilage  consists  merely  of  nu- 
I  cleated  cells,  and  exceedingly  resembles  the  cellular  tissue  of  plants. 
'  The  cells  arc  very  large,  roundish  or  ovoidal,  and  more  or  less  flat- 
[  t^ned  by  their  mutual  contact.  Each  has  a  diminutive  transparent 
nucleus  altacheU  to  the  inner  surface  of  the  cell-membrane,  and  cnn- 
I  biining  within  it  a  minute  granule,  or  nucleolus.  We  have  also  met 
I  "with  other  transparent  globules,  of  variable  size  and  extreme  delicacy, 
[  irithin  the  cells.  Some  white  fibrous  tissue  usually  encloses  the  mass 
I  of  ceils,  and  penetrates  lo  a  certain  distance  among  the  more  supcr- 
I  {cia!  of  them,  which  are  smaller  and  more  densely  packed  than  ibe 
1  lest. 

This  kind  of  cartilage  is  found  in  the  chorda  dorsalis,  or  rudimen- 
tary spinal  column  of  the  early  embryo  :  it  also 
exists  in  (he  permanent  chorda  dorsalis  of  the 
cartilaginous  6sbes,  and  may  be  well  seen  in 
a  thin  piece  of  that  structure  from  the  lamprey 

(fig;  13). 

But,  in  other  kinds  of  cartilage,  the  cells 
are  imbedded  in  an  intercellular  substance,  or 
matrix,  more  or  less  abundant  in  the  differ- 
ent kinds,  and  presenting  certain  varieties  of 
appearance.  In  all,  it  is  possible  to  see  that 
the  cells  have  a  proper  membrane  of  tbeir 
own,  and  are  not  mere  excavations  in  the  in- 
tercellular substance  ;  this  may  often  be  deter- 
mined at  a  broken  edge,  the  celUniembrane 
projecting:  but  it  is  not  easy  to  extract 
a    cell  entire,  apparently    on   account  of  the 

delicacy  of  its  texture,  and  the  density  of  the  surrounding  mass. 
In  temporary  cartilage  the  cells  are  very  numerous,  and  situated  at 

nearly  equal  distances  apart  in  the  intercellular  substance  'which  is 
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sot  abundant.  The  cells  raryin  shape  and  3tze,f)nt  most  ateround' 
oroyal.  Their  nuclei  are  for  the  most  part  minutely  granular-;  the 
pennies  being,  in  lome  specimens,  at  a  distance  from  one  another. 
When  ossification  begins,  the  cells,  which  hitherto  were  scattered 
without  de6nite  arrangement,  becnme  disposed  in  clusters  or  rows, 
the  ends  of  which  are  directed  towards  the  ossifying  part.  These 
and  other  changes  will  be  described  in  (be  chapter  on  bone. 

In  articular  cartilage  the  cells  are  oval  or  roundish,  often  disposed 
in  small  sets  of  2,  3,  or  4  irregularly  disseminated. through  a  nearly 
homogeneous  matrix,  which  is  more  abundant  thaitin  the  last-named 
variety ;  fig.  14,  1.  The  cells  measure  from  nSv  to  th  of  >»  inch. 
The  nuclei  are  for  the  most  part  Kmall.     In  the  ioteriof  part  of  Jtlw 
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cartilages  of  encrustation  we  usually  find  the 
cells  assuming  more  or  less  of  a  linear  direc- 
tion, and  pointingtowards  the  surface ;  fig.  14, 
3.  This  arrangement  is  probably  connected 
with  a  corresponding  peculiarity  of  texture  of 
the  intercellular  substance,  but  which  it  is 
more  difficult  to  distinguish  ;  for  these  spec!- 
mens  hare  a  disposition  to  fracture  in  a  regular 
manner  along  planes  vertical  to  the  surface, 
and  the  broken  surface  is  striated  in  the  same 
direction. 

Near  its  deep  or  attached  surface,  articular 
cartilage  blends  gradually  with  the  bone  it  in- 
vests. The  cells  in  the  neighbourhood,  as 
well  as  their  nuclei,  are  surrounded  with  a 
sprinkling  of  line  opaque  granules,  which  seem 
to  be  a  rudimentary  deposit  of  hone.  The 
true  bone  dips  unevenly  into  the  substance  of 
the  cartilage. 

A  paTement  of  nucleated  epithelial  parti- 
cles has  been  described  by  Henle  to  exist  on 
the  free  surface  of  articular  cartilage.  In  the 
fietns  this  may  be  readily  seen  ;  but  in  the 
adalt  we  have  often  failed  to  detect  it,  even 

in  perfectly  fresh  specimens,  and  notwithstanding  great  care.  An 
irregularity  of  surface,  like  that  represented  in  lig.  14,  2,  nfien  exists, 
and  seems  to  show  that  this  covering  ceases  when  the  part  becomes 
sobject  to  friction  and  pressure.  Cells,  loo,  are  often  seen  close  to 
this  surface,  and  even  partly  projecting  from  it ;  appearances  indica- 
tive  of  attrition. 

In  the  cartilagtt  of  the  ribs,  which  occnpy  an  intermediate  place 
between  the  articular  and  membranirorm  varieties,  the  cells  are  lar^r 
than  in  any  other  cartilage  in  the  body,  being  from  ^j^  to  ri?  of  an 
inch  in  diameter.  Many  of  them  contain  two  or  more  nuclei,  which 
are  clear  and  transparent;  and  some  seem  to  contain  a  few  oil-glob- 
ules, a  condition  occasionally  met  with  in  other  varieties.  The 
cells  often  affect  a  linear  arrangement.  The  rows  of  them  are  turned 
in  all  directions,  and  have  the  appearance  of  having  been  formed  by 
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the  division  of  ooe  cell,  and  the  separalion  of  Its  parts  from  i 
other.     It  is  probable  that  the  jiplitting  of  the  nucleus  mny  be  the 
first  slep  in  this  process,  a«,  for  ex- 
Fili^  ample,  in  fig.  15.0. 

The  intercellular  subslnnce  is  very 
abundant  in  these  cartilages;  and 
though  it  usually  presents,  on  a  sec- 
tion, a  very  finely  mottled  a.<ip«l, 
such  as  is  very  correctly  portrayed 
in  the  figure,  yet  we  may  ollea  dis- 
cern in  it  a  most  distinctly  fibrout 
struclure,  in  which  the  fibres  are 
parallel,  and  which  is  most  evident 
in  the  aged.  Perhaps  it  vould  be 
most  correct  to  .say  that  these  fibres 
are  only  formed  by  an  arlificial  dis- 
integration, for  they  are  aggregated 
into  a  solid  mass  in  the  unmutilated 
structure.  They  have  very  little 
I.'f'r»?*e7iS'l"iK  »JI"f«  iiI^r'«*SM »!  resemblance  to  the  white  fibrous 
n>»niD|-M>tBjBadawiii.in«»n.  tissue.     It   is   not    known    whether 

they  lake  any  constant  direclion. 
In  the  true  membraniform  cartilages,  the  cells  are  very  numerous 
in  proportion  to  the  surroundin;:;  substance,  which  is  consequently  in 
small  quantity.     This  intercellular  matriz 
''■■'*■  is  very  distinctly  fibrous  towards  the  ex* 

lerior  of  these  cartilages,  and  often  in 
their  interior,  but  with  considenible  ?«• 
riely.  The  thyroid  and  cricoid  cartilages, 
and  the  rings  of  the  trachea,  seem  chiefly 
compo.sed  of  clearly  defined  and  rnundiu 
nucleated  cells,  huddled  together,  as  it 
were,  in  a  promiscuous  manner,  fig.  16. 


Iq  specimens  from  persons  of  adult  •«, 
frequently  a  fine  grauulu 


and  these,  in  older  sub- 
■■  minute  centres  of  a  spurious  ossifi* 
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the  cells  have 
opaque  matter  sprinkled  on  their  este 
jecl.'i,  are  seen  to  ha' 
t-alion. 

In  ihe  eariilage  of  tlie  ear  the  cells  arc  small,  and  very  close  to 
each  other;  in  shape  they  are  very  uniform,  and  vary  in  size  from 
TsW  '"  'ii-Ts  °^  ""  >n(:l>-  A  piece  of  this  cartilage,  when  examined 
by  a  high  power,  has  very  much  Ihe  appearance  of  a  sieve;  Ihe 
holes  of  which  are  occupied  by  nuclei  and  their  nucleoli.  The  in- 
lercellnlar  substance  is  noi  exactly  while  fibrous  tissue ;  bul  -so  nearly 
resembles  it,  especially  towards  the  surface,  as  to  make  this  form  of 
cartilage  approach  fibro-carlilage  more  nearly  than  does  any  other. 

The  membraniform  cartdages  are  invested  by  a  layer  of  while 
fibrous  tissue  containing  blood-vessels,  and  called  xhe  ]>arichondritun. 
Its  fibres  are  densely  interwoven  in  all  directions,  and  adhere  ioK- 
iDBtcly  to  the  intercellular  substance  of  the  cartilage.     This  isTCSt* 
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ment  corresponds  with  the  periosteum  of  bone,  and  in  the  temporary 
cartilages  is  indeed  the  rery  same  structure.  It  is  a  nidus  for  the 
nutrient  ressels  of  cartilage,  and  often  series  to  gi^e  attachment  to 
muscles.  It  is  best  examined  on  the  cartilages  of  the  ribs.  Its 
great  toughness  is  sometimes  well  displayed  in  fractures  of  these 
cartilages,  where  the  perichondrium  remains  untorn  between  the 
fragments. 

The  articular  cartilages,  which  hare  no  perichondrium,  are  sup- 
ported and  supplied  with  blood  by  the  bone  to  which  they  are 
adapted,  and  by  the  synovial  membrane,  which  always  passes  for  at 
least  some  little  distance  over  their  free  surface. 

Vetseli  of  cartilage. — Speaking  in  general  terras,  cartilage  may  be 
styled  a  non*vascuTar  substance,  for  considerable  masses  of  all  its 
Tarieties  exist,  unpenetrated  by  a  single  vessel.  The  term  non-- 
veweularj  however,  it  is  important  to  observe,  is  to  be  understood  in 
a  relative  sense.  All  tissues  deriving  their  nutriment  from  blood- 
vessels, are,  in  fact,  if  traced  up  to  their  microscopic  elements,  on 
the  outside  of  the  channels  through  which  the  blood  flows.  If  the 
quantity  of  vessels  be  large  in  proportion  to  the  tissue,  or  if  the  two 
are  mingled  in  an  intimate  manner,  we  term  the  part  very  vascular. 
If,  on  the  other  hand,  there  be  a  considerable  mass  of  tissue,  among' 
the  elementary  parts  of  which  no  vessels  penetrate,  it  is  styled  non- 
vascular. This  word  is  not  used  in  an  absolute  sense ;  for,  if  so 
used,  it  would  apply  equally  to  all  tissues,  except  the  lining  mem- 
brane of  the  vascular  system  itself,  which  is  probably  nourished  by 
the  blood  immediately  in  contact  with  it. 

Returning  from  this  digression,  we  remark,  that  temporary  car- 
)y  when  in  small  mass,  is  not  permeated  by  vessels ;  but  that, 
when  more  than  about  an  eighth  of  an  inch  thick,  it  contains  canals 
ia  its  interior,  for  the  transmission  of  vessels.  These  canals  are 
somewhat  tortuous,  and  contain  a  delicate  extension  of  the  peri- 
chondrium. They  may  be  regarded  as  so  many  involutions  of  the 
outer  surface  of  the  cartilage. 

The  same  description  will  apply  to  the  various  merobraniform 
cartilages,  with  this  difference,  that  their  blood-vessels  are  less 
numerous.  In  those  which  are  thin,  no  vascular  canals  are  to  be 
found ;  but  where  there  is  much  substance,  as  in  the  costal  carti- 
lages, they  are  easily  detected. 

Nothing  is  more  certain  than  that  articular  cartilage,  in  man,  is 
not  penetrated  by  blood-vessels.  Coloured  fluids  injected  into  the 
vessels  cannot  be  made  to  enter  it,  but  are  seen  to  turn  back,  on 
reaching  it,  into  the  tissue  which  conveyed  diem  to  it.  But  we 
possess  a  more  certain  test  than  this,  in  the  examination  of  thin 
slices  of  the  tissue  under  a  high  power.  This  brings  no  vessels  into 
view :  on  the  contrary,  it  proves  their  non-existence,  beyond  dispute. 
In  some  diseased  states,  however,  the  presence  of  a  few  vessels 
seems  to  have  been  established. 

Mr.  Tojnbee  {PkU.  TVans.,  1841)  has  pointed  out,  that  the  vessels 
of  bone,  at  the  part  on  which  cartilage  rests,  are  separated  from  the 
oartilage  by  a  bony  lamella,  in  which  no  apertures  exist.    The 
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minute  vessels,  on  approachin);  this  lanieita,  seem  to  dtinte,  mi 
then,  forming  arches,  ihey  ran  back  inio  (be  cancelli  of  the  bone. 
Siii;h  an  arrangement  must,  of  course,  be  allontJeti  with  a  retiirdation 
of  (he  blood  near  the  "artieular  lamella. "  The  vessels  of  the  syno- 
vial membrane  advance  with  it  a  little  way  upon  the  articular  surface 
of  the  cartilage,  but  only  over  those  parts  which  are  not  subject  to 
pressure  during  (he  natural  movements  of  the  joint.  These  likewise 
terminale  in  loops.  In  diseased  states'  they  oAen  advance  far  upntt 
the  fartiiage,  as  they  do  naturally,  according  to  Mr,  fojnbee'a  ob- 
servations, during  the  middle  period  of  ftctal  life. 


OF  FIBIIO-CARTILACE.  I^^H 

This  (exture  is  a  compound  of  while  fibrous  tissue  and  cartilage 
in  varying  proportions. 

It  is  principally  employed  in  the  conslruction  of  joints,  and  con- 
tributes to  their  perfection  at  onue  by  its  stren(;th  and  its  elasticity; 
but  as  it  is  also,  to  n  limited  extent,  used  for  other  purposes,  it  may 
be  conveniently  described  as,  I,  Articular;  2,  Non-arlicular, 
■  Fibro-cartilage,  examined  by  the  naked  eye,  has  much  of  the 
colour  and  general  appearance  of  the  thyroid  cartilage,  or  of  other 
examples  of  the  membraniform  variety,  which  Bichat,  indeed,  clasmd 
among  fibro-carlilages.  Its  colour  is  white,  with  a  slight  tinge  of 
yellow ;  it  is  interspersed  by  the  shining  fibres  of  while  hbrous  tissue, 
and  its  appearance  dilfers  with  the  quantity  of  lliat  texture  that  is 
mingled  with  it.  Its  consistence  also  varies,  for  the  same  reason; 
in  some  instances  being  extremely  dense,  in  others  soft,  yielding, 
and  almost  pulpy. 

When  examined  microscopically,  fibro-cartilage  is  found  to  consist 
of  bundles  of  wavy  fibres,  with  the  cells  or  corpuscles  of  cartilage 
occupying  the  spaces  formed  by  the  interlacement  of  the  fibrauB 
tissue.  This  interlacement  is  often  very  intricate,  and  calculated  to 
increase  (he  strength  of  (he  slrncture  in  (hose  directions  in  which  the 
greatest  toughness  is  required. 

Physical  and  vital  properties. — To  the  strength  and  density  of 
fibrous  tissue,  £hro-carlilage  adds  the  elasticity  of  cartilage;  it  is 
more  variously  flexible  than  the  latter  Ussue,  so  that  it  will  not  crack 
when  bent  too  much.  Its  sensibility  is  low,  and  it  is  devoid  of  vital 
oontractilily. 

Vessels  tind  Twri'w. — IlB  vessels  are  few,  and  are  derived  from  the 
textures  (synovial,  membrane  or  periosleum)  with  which  it  is  in  im- 
mediate conaeclion.  Nothing  is  known  respecting  its  nerves,  tf 
indeed  it  possesses  ihcm. 

Chemical  compoaition. — Fibro-cattilage  contains  water;  when  de- 
prived of  it  by  drying,  it  shrivels  up,  and  becomes  hard  and  yellow. 
It  yields  gelatine  in  abundance  on  boiling. 

Forms  of  Jibro-c<trlilnge.~~  The  articular  fibro- cartilage  is  that 
which  is  found  most  extensively,  and  it  eaists  in  three  forms,  a.  As 
dtKt,  interposed  between  osseous  surfaces,  and  equally  adherent  to 


JIBBO<CJlRriLAOX. . 


■101 


both,  of  which' fhfl  intcrrertebnl  iliscs  arid  ibe  inter*pabte  fibro«irti- 
lage  are  tmtaaces.  ft.  As  lainiitK,  free  on  both  turfiicea,  plared  in 
the  cavity  of  diarthradial  joints  betneen  th«  irtickilaranrfaCMof  the 
bones.  These  are  the  menisci  of  authors;  they  exist  in  thetempnro- 
maxillary,  the  sterno-ctavicular,  and  the  knee-joints,  and  between 
the  scaphoid  and  lunar,  and  lunar  and  cuneiform  bones,  c.  As  tri- 
angular edges  to  (he  glenoid  and  cotyloid  cavities  of  the  shoulder 
and  hip  joints.     These  are  styled  circwiVferential. 

In  examining  these  different  fnrins  of  fibro-cartilage,  some  varie- 
ties are  met  with  deserving  of  a  brief  notice. 

The  intervertebral  discs  consist  of  concentric  layers  of  white  fibrous 
tissue,  placed  vertically  between  the 
surface.*!  of  the  verlebrje:    although  Fig.  n. 

the  layers  are  vertical,  the  fibres  of 
which  «ach  layer  is  composed,  mre 
directed  obliquely  from  above  down- 
wards, and  the  direction  of  the  fibres 
of  one  layer  is  such  as  to  decussate 
with  those  of  the  layer  immediately 
behind  it.  Each  pair  of  layers  of 
fibrous  tissue  is  separated  by  a  la- 
'  nina  of  cartilage.  This  arrangement 
belongs  to  rather  more  than  the 
outer  third  of  the  disc ;  the  central 
portion  is  occupied  by  a  soft,  yield- 
iog,  pulpy  matter,  which,  when  a 
disc  is  cut  horizontally,  rises  up 
coanderably  above  the  surrounding 
'  level.  This  soft  mass  consists  of  a 
few  bundles  of  white  fibrous  tissue, 
(wavy  fibres,)  with  numerous  nucle- 
ated cells,  very  variable  in  shape 
and  size,  loosely  interspersed.  It 
is  girt  by  the  surrounding  vertical 
fibrous  layers  and  their  interposed 
eartilaginoui  lamells,  and  also  com- 
pressed by  the  vertebra  between 
which  it  is  placed ;  the  pulpy  Matter 
being  separated  from  immediate  contact  with  the  snrhces  of  the  ver- 
tebm  by  the  interposition  of  thin  layers  of  cartilage. 

In  the  neatfct  the  white  fibrous  tissue  predominates  considerably 
at  their  circumferencea^  while  the  cartilage  chiefly  ^bonrtds  in  th^ 
centre.  Those  of  the  knee-joint  and  temporo-maxttlary  joint  are  the 
densest;  tha^of  the  sterno-claricular  is  softer  and  more  enriitagtnous. 

The  circHmfenatial  flbro-cartilages  contain  a  conuderabfe  predd- 
minance  of  fibrous  tissue. 

The  non-articuiar  form  of  fibro-cartilage  is  found  deposited  on  the 
•ui&ccs  of  the  grooves  in  bones,  which  lodge  tendons ;  as,  for  ex- 
ample, tbe  groove  for  the  lodgment  of  the  tibialis  posticus.  In 
intimate  itiucture  it  resembles  the  arlicalar  forms. 


pakTmit«B  of  mnftlH'tflriciii  by' 
or  ihe  nucldu,  wtJ  tma  Kcni,  au^bMl  6y 
-  dm*.  ■  The  full  mouUne  of  Ihii 


102  O&OJUVS  OF  LOCOMOTION. 

Reparalwn  and  reproducUfm. — Ftbro-cartilage  heals  bj  a  new  sub- 
stance of  similar  texture.  Sometimes  the  unioD  of  bone  is  effected 
by  a  material  of  this  kind,  in  cases  where  osseous  union  cannot  be 
obtained. 

In  addition  to  the  workx  on  General  Anatomy  mentioned  at  the  end  of  ibe  lut 
ehapter,  we  refer  to  Mailer's  Physiology,  by  Baly,  p.  390;  the  articles  Cartilage  and 
Fibro-CartJiage,  in  the  Cyetopeedia  of  Anatomy ;  and  Mr.  Toynbee^s  paper  on  Kon* 
vascular  Tissues,  in  Phil.  Trans.  1841. 


CHAPTER  V. 

PASSIVE  ORGANS  OF  LOCOMOTION,  CONTINUED.-— OF  BONE. 

The  distinction  of  animal  textures  into  hard  and  soft  prevails  veiy 
extensively  throughout  the  animal  series.  The  former  are  charac- 
terized by  containing  a  proportion  of  inorganic  material,  in  combi- 
nation with  animal  matter,  sufficient  to  give  them  that  degree  of 
hardness  which  is  their  principal  physical  property. 

Among  the  invertebrated  classes  there  are  bard  parts,  altboag^' 
very  diflerently  constituted  from  those  of  the  higher  animals.  They 
serve  an  analogous  purpose, — being  a  basis  of  support  for  the  soft 
parts,  and  in  many  instances  a  protection  to  them,  and  affording  a  8a^ 
face  of  attachment  for  the  muscles  of  the  animal ;  thus  playing  an 
in:iportant  part  in  its  locomotion,  or  in  its  ordinary  movements.  To 
this  category  we  may  refer  the  earthy  support  to  the  soft  fleshy  mass, 
whether  as  an  internal  stem  or  axis,  or  as  an  external  covering,  which 
is  to  be  found  among  the  polypifera,  performing  a  function  similar  to 
the  skeleton  of  the  higher,  animals,  and  composed  of  carbonate  of 
lime,  with  a  little  phosphate,  in  combination  with  a  small  quantity  of 
animal  matter. 

The  calcareous  plates  of  the  star-fish  and  sea-urchin,  {asterias  and 
echinus^)  the  hard  coriaceous  covering  of  insects,  the  hard  external 
integuments  of  Crustacea,  and  the  infinitely  various  shells  of  the  gas- 
teropoda and  conchifera,  must  all  be  regarded  in  the  light  of  hard 
parts  performing  the  offices  above  referred  to. 

The  skeleton  of  the  higher  animals  \^  internal;  it  is  clothed  by 
the  muscles  and  other  soft  parts.  The  first  example  of  this  arrange- 
ment is  met  with  in  the  cepbalopodous  mollusks,  in  which  certain 
cartilaginous  plates  are  enclosed  in  the  body  of  the  animal,  protect- 
ing certain  parts  of  the  nervous  system.  The  skeleton  of  the  lowest 
organized  fishes,  although  much  more  extensive,  and  of  a  more  com- 
plicated arrangement,  is  yet  placed  but  little  above  that  of  those 
animals.  It  is  composed  of  a  kind  of  cartilage,  which  in  its  greater 
density,  and  in  its  having  a  certain  quantity  of  calcareous  deposit 
around  it,  approaches  the  nature  of  the  skeleton  of  the  higher  classes. 

Bone  is  the  substance  employed  to  form  the  internal  skeleton  of 
the  osseous  fishes,  of  reptiles,  birds,  and  mammalia.    It  forms  organs 
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of  support,  or  levers  for  motion,  or  it  encloses  cavities  aflbrding  pro- 
tection to  soft  and  vital  organs. 

To  a  superficial  examination  bone  presents  the  following  proper- 
ties: hardness,  density,  a  whitish  colour,  opacity.  An  examination 
of  its  physical  constitution  will  explain  these  characters. 

Bone  contains  less  water  than  any  other  organ  in  the  body;  and 
exposure  to  air,  even  for  a  short  time,  removes  the  fluid  by  evapora- 
tion :  to  this,  in  part,  may  be  attributed  its  hardness.  Bone  consists 
of  an  inorganic  and  an  organic  material,  which  may  be  obtained 
separately  by  very  simple  processes.  Steep  a  bone  in  dilute  mineral 
acid,  muriatic  or  nitric;  the  earthy  matter  is  dissolved  out  by  the 
acid,  and  the  organic  substance  remains,  retaining  the  original  shape 
and  size  of  the  bone.  In  fact,  we  obtain,  bv  this  process,  the  carti- 
laginous nidus  of  the  bone,  upon  which  its  form  depends.  The 
vessels  of  the  bone  ramify  throughout  this  mass;  for  if  they  have 
been  injected,  previously  to  the  action  of  the  acid,  they  will  be  dis- 
tinctly seen  ramifying  through  the  semi-transparent  animal  substance. 
A  preparation  of  this  kind  dried,  and  afterwards  preserved  in  spirits 
of  turpentine,  serves  beautifully  to  exhibit  the  disposition  of  the  ves- 
sels in  bone. 

By  subjecting  a  bone  to  a  strong  heat  in  a  crucible,  the  animal 
part  will  be  burnt  out,  and  the  earthy  part  will  remain.  Still  the 
booe  retains  its  form,  but  the  cohesion  between  the  earthy  particles 
is  extremely  slight,  so  that  the  least  touch  will  destroy  its  continuity; 
a  fiict  which  obviously  points  to  the  animal  matter  as  affording  to 
bone  its  strength  of  cohesion. 

Bone  may  be  deprived  of  its  animal  matter  by  long-continued 
boiling,  under  strong  pressure,  in  a  Papin's  digester.  The  animal 
matter  is  extracted,  in  combination  with  water,  in  the  form  of  gela- 
tme;  and  the  weight  of  the  quantity  which  may  thus  be  obtained 
will,  owing  to  this  union  with  water,  exceed  by  three  or  four  times 
that  of  the  bone  itself. 

A  certain  proportion  between  these  two  constituents  of  bone  is 
necessary  to  the  due  maintenance  of  its  physical  properties.  To  the 
earthy  part  it  owes  its  hardness,  its  density,  its  little  flexibility:  but 
it  is  equally  necessarv  for  these  properties  that  the  animal  portion 
shall  be  healthy,  and  in  proper  quantity;  for  the  cohesion  of  the  par- 
ticles of  the  former  is  secured  entirely  by  it.  A  due  proportion  of 
the  animal  part  gives  bone  a  certain  degree  of  elasticity;  and,  were 
it  not  for  the  earthy  matter,  bones  would  be  exceedingly  flexible,  as 
nay  be  shown  in  a  bone  deprived  of  its  calcareous  matter  by  acid. 
Hence  old  bones,  in  which  the  animal  matter  is  less  abundant,  as 
well  ss  perhaps  defective  in  ouality,  are  more  brittle  than  young 
ones,  and  old  persons  are  more  liable  to  fractures.  But  in  the  young, 
in  whom  the  organic  processes  are  active,  and  whose  animal  matter 
is  fclly  adequate  in  quantity  and  quality  to  the  wants  of  the  system, 
the  bones  possess  their  due  degree  of  flexibility,  and  hence  in  them 
frsctares  are  less  frequent ;  the  cohesive  force  of  the  bones  being 
sometimes  so  considerable,  that  they  will  bend  to  a  great  degree 
before  yielding. 
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The  following  table  from  Schreger  illustrales  the  relative  propOT 
tions  of  the  two  constituents,  at  three  periods  of  life,  ia  100  parts  of 
bone: 

Child.  AiluU.  01.1. 

Animal  mailer  il-iO  20' 18  12  2 

Eanhj-  mailer  48  48  748i  81-1 

Or  it  may  be  slated  in  general  terras,  that  in  the  child  the  earth) 
matter  fnrras  nearly  one-half  the  weight  of  the  bone,  in  the  adult  it 
is  equal  to  four-fifths,  and  in  the  old  subject  to  seven-eighths;  a  con- 
clu>iDn  agreeing  in  the  main  with  that  drawn  from  the  analyses  of 
Davy,  Bosiock,  Hatchett,  and  others. 

It  had  long  been  known  that  certain  bones  of  the  bodj  contained 
these  constituents  in  other  proportions  than  ihose  named;  for  ci- 
aiople,  the  petrous  portion  of  the  temporal  bone  had  been  shown  by 
Davy  1o  owe  its  stony  hardness  to  a  large  proportion  of  earthy  matter. 
But  Dr.  G.  0.  Hees  has  lately  pointed  out  some  interesting  particulars 
as  to  the  relative  proportions  of  these  elements  in  the  composition  of 
diflereot  bones. 

The  long  bones  of  the  extremities  have,  according  to  Dr.  Rees's 
analysis,  more  earthy  mailer  than  the  bones  of  the  irunk.  The 
bones  of  the  upper  extremity  have  a  larger  proportion  of  the  same 
material  than  those  of  the  corresponding  bones  in  the  lower;  the 
humerus  has  more  than  the  radius  and  ulna;  the  femur  more  than 
the  lihia  and  fibula;  while  the  bones  of  the  fore-arm,  as  well  U 
those  of  the  leg,  are  respectively  alike  in  constitution.  The  verte- 
bra;, ribs,  and  clavicles  are  similarly  constituted.  The  ilium  has 
more  enrlhy  matter  than  the  scapula  or  sternum;  the  bones  of  the 
Jiead  have  more  of  this  material  than  those  of  the  trunk. 

In  the  fmlus  the  same  law  prevails  as  regards  the  relative  quantity 
of  the  earthy  mailer,  excepting  that  the  long  bones,  and  the  cranial 
bones,  do  not  contain  the  excess  of  earthy  matter  which  characterizes 
them  in  the  adult. 

The  diseased  state,  called  Rickets,  so  common  la  the  children  of 
scrofulous  parents,  and  in  the  ill-nourished  ones  of  the  lower  orders, 
consists  in  a  deticient  deposit  of  earthy  mailer;  the  animal  matter 
being  probably  of  an  unhealthy  quality.  In  this  disease  the  bones 
are  so  flexible,  that  they  bend  under  the  weight  that  ihey  may  be 
called  on  to  supporl,  or  under  the  action  of  the  muscles.  The 
lower  eNlremilies  exhibit  deformity  first,  and  to  the  greatest  degree, 
and  the  direction  in  which  they  become  bent  is  evidently  influenced 
by  the  superimposed  weight ;  the  bend  almost  always  appears  as  an. 
aggravation  or  the  natural  curves  of  the  bones.  The  rickety  femur 
has  always  its  convexity  directed  forwards:  the  tibia  is  convex  for- 
wards and  outwards,  and  the  fibula  follows  the  same  direction.  Whea 
the  nutritive  powers  of  the  system  are  fully  restored,  the  depositioa 
of  earth  goes  on  in  its  healthy  proportion,  the  animal  matter  becomes 
healthy,  and  the  bones  acquire  their  due  degree  of  strength  and  hard- 
ness- In  the  tibia  of  a  rickety  child.  Dr.  Davy  found,  in  100  parts, 
74  parts  animal  matter,  and  2(i  earthy;  and  Dr. Bosiock  found  in  the 
vertebra  of  a  similar  subject  7975  animal,  and  2025  earthy. 
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The  brittleness  of  the  hones  in  old  age  is  clue  to  an  opposite  cause, 
namely,  the  defective  deposit  of  animal  matter,  so  as  to  give  to  the 
earthy  matter  the  undue  preponderance  already  specified.  But  this 
state  cannot  be  looked  upon-  as  morbid ;  it  is  the  natural  result  of  the 
Feeble  condition  of  the  powers  of  nutrition,  which  ensues  in  the  ad- 
vance of  years;  and  it  will  vary,  in  different  individuals,  according 
fo  the  original  strength  of  constitution  of  each,  and  according  to  the 
freedom  from  exposure  to  debilitating  influences. 

That  state  of  bone  which  accompanies  malignant  disease  (cancer, 
or  fungoid  disease)  in  adults  or  old  persons,  and  which  some  patho« 
logists  have  designated  moUities  ossiuniy  results  from  the  dissemination 
3f  cancerous  matter  through  the  system. .  In  this  disease  the  whole 
DQtritive  process  of  bones  seems  tainted  ;  the  animal  part  is  not  so 
much  deficient  in  quantity,  as  bad  in  quality;  the  physical,  as  well  as 
the  vital  properties  of  the  bone  are  completely  deranged  ;  the  osseous 
lexture  has  lost  its  cohesive  pow*er.  Hence  these  bones  oflen  break 
m  the  application  of  the  slightest  force,  or  on  the  feeblest  exercise 
9f  the  muscles.  They  are  soft,  too,  in  the  recent  state;  the  knife  will 
sometimes  penetrate  them  ;  and  they  are  often  pervaded  by  a  con* 
siderabie  quantity  of  oil. 

Bones  possc^  a  remarkable  power  of  resisting  decomposition* 
Even  the  animal  part  seems  to  acquire  this  power  through  its  combi- 
Mtion  with  the  earthy.  This  is  manifest  from  analyzing  bones  which 
bave  been  long  kept,  or  fossil  bones.  Cuvier  states  that  the  latter 
bones  exhibit  a  considerable  cartilaginous  portion  ;  and  Bichat  found 
that  clavicles,  which  had  been  exposed  for  ten  years  to  the  wind  and 
rain  at  the  cemetery  of  Clamart,  presented,  under  thef  action  of  acid, 
in  abundant  cartilaginous  parenchyma.  In  an  old  Roman  frontal 
bone,  dug  up  from  Pompeii,  Dr.  Davy  found  35*5  animal  parts,  and 
54-5  earthy ;  and  in  a  tooth  of  the  mammoth,  30*5  animal,  and  69*5 
saithy. 

The  animal  part  of  bone  consists  of  cartilage,  with  vessels,  medal* 
lary  membrane,  and  fat.     The  cartilage,  is  readily  convertible  into 
gelatine,  according  to  Berzeiius,  afler  three  hours'  boiling ;  and,  when^     , 
this  has  been  removed,  there  remain  only  four'grains  out  of  lOQ^^  '^ 
which  may  be  considered  to  have  been  composed  of  blood-vesseli.  «'** 

The  earthy  part  of  bone  consists  of  phosphate  and  carbonate  of 
lime,  with  a  small  quantity  of  phosphate  and  carbonate  of  magnesia. 
rbe  phosphate  of  lime  forms  the  principal  portion  of  the  earthy 
part;  in  100  parts  of  bone  Berzeiius  found  51*04  of  this  salt.  It 
vas  discovered  by  Grahn,  and  the  discovery  announced  by  Scheele, 
that  bone-earth  consisted  of  ^^  phosphoric  acid  and  lime."  Accord- 
ing to  Berzeiius,  the  phosphate  consists  of  eight  atoms  of  lime  and 
iiree  atoms  of  phosphoric  acid  ;  but  Mitscherlich  regards  it  as  com- 
posed of  three  atoms  of  lime  with  one  of  phosphoric  acid  (a  tribasic 
alt).  It  may  be  formed  artificially  by  dropping  chloride  of  calcium 
into  a  solution  of  phosphate  of  soda.  It  appears  as  a  gelatinous 
precipitate,  which  does  not  crystalize,  and  is  readily  soluble  in  acids. 

The  existence  of  fluoride  of  calcium  in  bone  was  announced  many 
pears  ago  by  Berzeiius ;  but  the  observations  of  our  friend,  Dr.  G. 
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O.  Rees,  throw  considerable  dnubt  upon  tliis  assertion.  Dr.  Reel 
Rttribules  the  action  of  ihe  supposed  fluoric  acid  upon  glass  to  phoi* 
phoric  acid  in  combination  with  water,  which,  if  healed  on  glass  of 
inferior  quality  until  it  volatilizes,  will  act  upon  it  with  considerable 
energy.  The  proportion  of  carbonate  of  lime  to  the  phosphate  is 
small.  According  to  Berzelius,  there  are  11-30  parts  in  100  of  bone. 
We  subjoin  the  following  process,  by  which  the  qualitative  analysi! 
of  bone  may  be  readily  effected: 

In  order  to  insulate  the  animal  mailer,  digest  the  bone  for  some 
days  in  muriatic  acid  diluted  with  about  thrice  its  bulk  of  water; 
the  earthy  conslituents  will  thus  be  Rradually  removed,  leaving  a 
semi-transparent  cartilaginous  tissue  behind. 

The  earthy  matters  are  best  examined  by  treating  a  portion  of 
burnt  bone  with  nitric  acid,  diluted  with  from  four  to  six  times  its 
bulk  of  water;  brisk  effervescence  ensues,  proving  the  presence  of 
carimnic  acid.  Filter  the  acid  liquid  allcr  diluting  it  with  water,  and 
add  solution  of  caustic  ammonia  as  long  as  Ihe  precipitate  at  first 
formed  continues  to  be  redissolved  by  agitation ;  then  add  solution 
of  acetate  of  lead  till  it  nn  longer  occasions  any  precipitate.  The 
dense  white  precipitate  thus  produced  consists  of  phosphate  of  lead, 
which  melts  before  the  blow-pipe,  and  on  cooling  assumes  its  charac- 
teristic crystaline  structure. 

Through  the  solution,  filtered  from  the  phosphate  of  lead,  pass  a 

stream  of  sulphuretted  hydrogen  to  remove  the  excess  of  lead;  warm 

the  liquid,  to  drive  o£rthc  superfluous  gas,  and  filler:  then  neutralize 

by  ammonia,  and  add  oxalate 

F'S-  '9-  of  ammonia  as  long  as    any 

precipitate  occurs;  abundance 

of  oxalate  of  lime  will  fall  as 

\      a  while  powder. 

Evaporate  the  filtered  liquid 
to  dryness;  igiiile  the  residue, 
and  wash  with  hot  water;  the 
magnesia  will  be  left  behind 
in  a  pure  form. 

In  examining  a  section  of 
almost  any  bone,  we  observe 
two  varieties  of  osseous  sub- 
stance:  the  one  dense,  finn, 
compact,  always  situated  on 
the  exterior  of  the  bone, 
either  as  a  thin  layer,  or  as  d 
dense  thick  structure  pos- 
sessed of  great  strength;  the 
other  loose,  reticular,  sponfnr, 
enclosing  spaces  or  cells, 
which  communicate  freely 
with  each  other,  and  which, 
being  called  cancelli,  give  to 
his  kind  of  osseous  tissue  the  name  cancellated.     These  cells  are 
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formed  by  an  interlaeenient  of  ntimerotis  bony  fibres  and  laminae, 
vbich  although  to  a  superficial  observation  exhibiting  an  indefinite 
arrangement,  have  nevertheless,  in  those  bones  which  have  to  support 
weight,  a  more  or  less  perpendicular  direction.  The'  cancellated 
structure  of  bone  is  always  situated  in  its  interior,  enclosed  and  pro* 
tected  by  the  compact  tissue. 

The  relative  situation  of  these  varieties  may  be  well  seen  in  a 
vertical  section  of  one  of  the  long  bones  (fig.  18).  At  the  eztremitieSj 
the  cancellated  texture  is  accumulated,  inv  sted  by  a  thin  lamella  of 
compact  tissue,  giving  expansion  and  lightness  to  those  parts  of  the 
bone.  In  the  intermediate  portion,  or  shafts  the  compact  tissue  is 
highly  developed,  affording  great  strength  in  the  situation  where  that 
quality  is  the  most  needed.  * 

The  compact  external  surface  of  bone  (except  on  its  articular  as- 
pects) is  covered  by  a  firm  tough  membrane,  termed  the  periosteum^ 
which,  like  the  perichondrium  investing  cartilage,  consists  of  white 
fibrous  tissue,  densely  interwoven  in  all  directions.  The  cancelli  are 
filled  with  fat,  or  medulla^  the  marrow  of  bone.  They  are  lined  by  a 
delicate  membrane,  called  the  medullary  membrane^  which  serves 
to  support  the  fat.  In  the  shaft  of  the  long  bones  the  medulla 
is  contained  not  in  ordinary  cells,  but  in  one  great  canal,  which 
occupies  the  centre  of  the  shaft,  the  medullary  canal.  Here  the 
BedoUary  membrane  lines  the  compact  tissue  that  forms  the  wall  of 
the  cavity. 

Both  the  periosteum  and  the  medullary  membrane  adhere  inti- 
nately  to  the  bone.  Both  are  abundantly  supplied  with  blood- 
yessel8,  which,  after  ramifying  upon  them,  send  numerous  branches 
into  the  bone.  These  membranes  are  of  great  importance  to  the 
nutrition  of  the  bone,  inasmuch  as  they  support  its  nutrient  vessels ; 
•ad,  if  either  of  them  be  destroyed  to  any  great  extent,  the  part  in 
contact  with  them  necessarily  perishes:  and  they  not  only  cover 
the  outer  and  inner  surfaces  of  the  bone,  but  also  send  processes, 
sloag  with  the  vessels,  into  minute  canals  traversing  the  compact 
tissue,  and  are,  through  the  medium  of  these,  rendered  continuous 
^thone  another.  , 

The  great  variety  of  uses  to  which  the  bones  are  applied  in  the 
^stniction  of  the  skeleton,  occasions  much  difference  of  shape  as 
^ell  as  of  size.     The  following  arrangement  comprehends  all  these 
nrieties,  and  is  that  commonly  adopted.     We  classify  them  as,  1,  ' 
I^nflr  bones ;  2,  Short ;  3,  Flat ;  4,  Irregular.  ^ 

The  Umg  bones  form  the  principal  levers  of  the  body;  titeir 
length  greatly  exceeds  their  breadth  and  thickness.  In  descriptive 
•natomy,  a  long  bone  is  divided  into  a  shaft,  or  central  part,  and 
two  extremities.  The  shaft  is  never  perfectly  straight,  it  is  more  or 
less  curved,  as  in  the  femur;  and  has  always  an  appearance  as  if, 
while  yet  in  a  soft  and  flexible  condition,  it  had  received  a  twist, 
tod  its  extremities  had  been  turned  in  opposite  directions.  This  is 
tery  manifest  in  the  femur  and  humerus  ;  more  especially  in  the  lat- 
ter, where  the  groove,  in  which  the  radial  nerve  runs,  is  just  what 
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one  alight  fancifully  suppose  to  have  resulted  from  sucli  a  c 
that  above  aamed. 

The  sbaft  is  never  perfcclly  cjliniirical ;  although  in  some  bones 
it  approaches  that  form,  in  others  it  is  prismatic.  It  is  hollow,  ai 
already  iDentioned,  and  contains  medulla.  This  arrangement  has  Ihe 
advantage  of  making  the  bone  very  much  lighter  than  it  would  have 
been  if  solid  ;  while  it  is  attended  with  no  sacrifice  of  strength,  since 
the  central  osseous  substance  is  that  vbich  contributes  least  to  its 
power  of  resistance. 

The  strength  of  the  shaft  is  amply  provided  for  by  ils  being  con- 
posed  of  compact  tissue,  of  thickness  proportionate  to  the  length  of 
the  bone,  and  the  bore  of  the  medullary  canal.  In  the  curved  bono, 
additional  strength  is  obtained  in  the  posiiion  where  the  bone  woulil 
be  most  likely  to  yield,  by  increased  thickness  and  density  along  its 
concavity.  Of  this  provision  a  good  example  will  be  found  in  ite 
spine  of  the  femur, — a  ridge  of  extremely  dense  bone,  placed  along 
its  posterior  concave  surface.  In  the  bent  bones  of  rickety  subject* 
which  have  become  folly  ossilied,  the  compact  tissue  on  the  concavity 
of  the  bend  acquires  an  enormous  development. 

At  the  extremities  of  the  long  bones  the  medullary  canal  ceases  ; 
the  osseous  tissue  expands;  and  the  cancellated  texture  takes  the 
place  of  the  compact  substance  of  the  shaft,  and  forms  the  whole 
thickness  of  these  portions  of  the  bone,  the  medulla  penetrating  into 
ils  cells.  Here  great  strength  is  not  rei^uired,  but  surface  is  needeJ 
for  the  articulation  of  the  bones  together,  and  for  affording  atlachinenfc 
to  ligaments  and  tendons.  The  cancellated  tissue  is  admirably  adapled 
to  attain  this  object ;  for,  while  by  the  looseness  of  its  texture  it  readily 
afiiirds  an  extent  of  surface,  its  lightness  is  such,  that  even  a  consider- 
able bulk  of  it  does  not  materially  aiTect  the  weight  of  the  bone. 
The  surface  of  this  texture  is  covered  with  a  thin  cortex  of  compact 
tissue,  which  is  perforated  by  innumerable  oriUces  for  the  transmission 
of  vessels. 

The  long  bones  are  the  great  levers  of  the  extremities ;  as  Ibe  bones 
of  the  thigh  and  leg,  arm  and  fore-arm.  Among  the  bones  of  the 
hand  and  foot  are  certain  ones  which  have  all  the  anatomical  charac- 
ters of  the  long  bones,  except  that  of  length  ;  they,  may,  therefore,  be 
grouped  together  in  a  class  under  the  name  of  sliort  bones.  These 
are,  the  metacarpal  and  metatarsal  bones,  and  the  phalanges  of  the 
Angers  and  toes. 

The  Jlat  bones  are  remarkable  for  their  slight  thickness;  they  are 
CQippo&ed  of  two  thin  lajisrs  of  compact -tissue,  enclosing  a  l»yer  of 
cancellated  texture  of  variable  ihicl:ness.  Kxamples  of  this  class 
of  bone,  may  be  found  in  most  of  those  enclosing  the  great  cavtiies 
of  the  body  ;  as  the  bones  of  the  cranium,  ihe  ribs,  Ibe  ncapula,  tbe 
OS  innominatum,  all  of  which  will  be  found  to  possess  the  same  essen- 
tial characters. 

The  cranial  bones  present  one  or  two  peculiarities  which  demand 
a  special  notice.  The  layers  of  compact  tissue  in  tliem  are  fami- 
liarly known  as  the  tublts  of  the  skull :  the  outer  one  is  stouter  and 
tougher;  the  inner  one  denser  and  much  thinner,  and  therefore  more 
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brittle.  The  interFening  structure  is  calkd  tbe  diploe ;  in  some  places 
it  is  absent,  leaving  a  vacant  space  produced  by  the  separation  of  the 
tables,  and  which  communicates  with  the  external  air,  as  in  the  frontal 
sinuses :  the  diploe  is  generally  a  very  fine  cancellated  texture  ;  but, 
in  the  mastoid  process  of  the  temporal  bone,  it  is  of  a  much  looser 
kind  ;  its  cancelli  are  larger,  and  instead  of  being  occupied  by  medulla, 
as  elsewhere,  th^  communicate  with  the  cavity  of  the  tympanum, 
and  are  therefore  always  filled  with  air.  The  diploe  of  the  cranial 
bones  in  birds  is  everywhere  devoid  of  medulla,  and  occupied  by  air, 
trhich  gains  access  to  it  from  the  tympanum. 

A  fourth  group  of  bones  consists  of  those,  which  seem  to  combine 
many  of  the  offices  and  forms  of  the  three  preceding  ones  with  cer- 
Urn  characters  proper  to  themselves.     They  exhibit  much  irregularity 
of  shape  and  size ;  and,  on  this  account,  are  called  irregular  bones. 
The  vertebrae,  the  tarsal  and  carpal  bones,  certain  bones  of  the  head 
ud  face,  belong  to  this  group.     Lightness,  with  extent  of  surface,  is 
their  principal  character.     They  arc  composed  mainly  of  cancellated 
texture,  covered  by  a  layer  of  compact,  and  here  and  there  a  portion 
of  compact  tissue,  for  the  purpose  of  affording  a  firm  bond  of  connec- 
tion of  some  process  to  the  main  part  of  the  bone;  as  the  pedicles, 
noitiog  the  laminae  to  the  bodies  of  the  vertebrae. 

In  examining  the  surfaces  of  these  different  groups  of  bones,  we 
are  struck  with  the  variety  of  projections  or  eminences,  and  of  de- 
pressions, which  are  found  upon  them.  These  are  of  two  kinds ; 
srticular,  and  non-articular.  The  former  are  destined  for  the  forma- 
tioQ  of  joints :  as  the  head  of  the  thigh-bone,  an  articular  eminence  ; 
sod  tbe  acetabulum,  an  articular  depression. 

The  non-articular  eminences  chiefly  serve  as  points  of  insertion  for 
ligsments  and  tendons,  and  exhibit  a  great  diversity  of  shapes,  so  that 
anatomists  designate  them  as  tuberosities,  tubercles,  spines,  cristae, 
Ac.  Tbe  non-articular  depressions  serve  a  similar  purpose,  and  are 
equally  various  in  form,  being  described  as  fossae,  cells,  furrows, 
grooves,  fissures,  pulleys,  &c. 

With  reference  to  these  eminences  and  depressions,  it  mav  be 

observed  that  they  are  well  marked  in  proportion  to  the  muscularity 

of  the  subject.     In  the  female,  for  instance,  they  are  less  distinct 

than  in  tbe  male ;  in  the  powerfully  muscular  man  they  are  at  the 

feaximum  of  development.     As  Sir  Charles  Bell  has  remarked,  a 

person  of  feeble  texture  and  indolent  habits  has  the  bone  smooth, 

thin,  and  light ;  while  with  the  powerful  muscular  frame  is  combined 

a  dense  and  perfect  texture  of  bone,  where  every  spine  and  tubercle 

are  well  developed.     And  thus  the  inert  and  mechanical  provisions 

of  the  bone  always  bear  relation  to  the  muscular  power  of  the  limb ; 

iiul  exercise  is  as  necessary  to  the  perfect  constitution  of  a  bone, 

u  it  is  to  the  perfection  of  muscle.     It  is  an  interesting  fact,  that  if 

a  limb  be  disused,  from  paralysis,  tbe  bones  waste  as  well  as  the 

muscles. 

Of  the  Vessels  of  Bane. — We  now  proceed  to  inquire  into  the 
manner  in  which  the  nutrition  of  bone  is  provided  for.  A  texture 
containing  so  much  animal  matter,  and  needing  a  constant  supply  of 
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inorganic  material  likewise,  must  necessarily  be  largely  supplied  with 
blood,  the  cnoimon  source  of  the  materials  of  all  the  tissues. 

The  blood-vessels  of  bone  are  very  numerous,  as  may  be  satis- 
factorily seen  on  examining  a  well-injected  specimen.  The  arieries 
are  in  great  part  continued  from  tlinse  of  the  periosteum :  those  which 
penetrate  the  cancellated  lexlure  of  the  extremities  of  the  long  bones 
are  very  large,  and  ramify  freely  among  the  cancelli. 

The  membrane  of  Ihe  medulla  which  is  contained  in  the  shafl, 
receives  its  blood  from  a  special  artery  that  pierces  the  compact  tissue 
through  a  distinct  canal,  known  as  that  for  the  nutritious  Hrleiy. 
This  vessel  divides  into  two  Immedialely  on  entering  the  raedulhry 
canal ;  of  these,  one  ascends,  Ihe  other  descends,  and  both  break  op 
into  a  capillary  network,  anastomosing  with  the  plexuses  in  the  ex- 
tremities of  the  bone,  derived  from  the  arteries  that  penetrate  there. 
From  the  copious  vascular  network  thus  formed  within  Ihe  bone,  the 
innermost  part  of  the  compact  substance  of  the  shaft  receives  ili 
blood-vessels. 

In  the  compact  tissue  the  arteries  pass  into  very  narrow  capillar)' 
canals,  most  of  which  are  invisible  to  the  naked  eye.  In  carefully 
raising  the  periosteum  from  a  bone  that  has  been  .subjected  to  a  IJttle 
maceration,  the  vessels  may  be  seen  in  ^reat  numbers  passing  from 
that  membrane  into  the  osseous  texture,  and  many  of  the  larger  ones 
seem  to  be  surrounded  by  a  sheath  derived  from  the  periosteum. 
Similar  sheaths  may  be  seen  surrounding  the  vessels  of  the  cancel- 
lated texture. 

The  vascular  canals  of  Ihe  compact  tissue  are  styled  Haversian,  after 
Iheir  discoverer,  Cloplon  Havers.  They  are 
disseminated  prelly  uniformly  through  the  tis- 
sue, and  inosculate  everywhere  with  one  ano- 
iher.  In  the  long  and  short  bones  they  follow 
the  same  general  direction  as  the  axis  of  the 
bone,  and  are  joined  at  inlervals  by  cross 
branches.  The  meshes  thus  formed  are  more 
or  less  oblong  (fig,  19).  The  deeper  ones 
open  into  the  contiguous  cancelli,  with  the 
cavities  of  which  they  are  continuous. 

The  arteries  and  veins  of  bone  usually 
occupy  distinct  Haversian  canals.  Of  these 
fbe  vpnous  are  the  larger,  and  commonly  pre- 
M'lit,  at  irregular  intervals,  and  e.specially 
wliere  two  or  more  branches  meel,  pouch- 
like dilatations,  calculated  to  serve  as  reser- 
voirs for  the  blood,  and  to  delay  its  escape 
from  the  tissue.  In  many  of  the  large  bones, 
particularly  in  the  fat  and  irregular  ones,  Ihe 
veins  are  exceedingly  capacious,  and  occupy 
a  series  of  tortuous  canals  of  remarkable  sise 
and  very  characteristic  appearance.  These 
are  well  described  by  Bresuhet  in  his  elftbo* 
rate  work  on  the  venous  system  ;  from  whiek 
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(he  Bcconptoying  figure  (6a.  SO)  is  taken.    These  caoala  run,  (or  (be 

nisst  part,  in  the  cineellatea  structure  of  the  boaes,  and  are  lined  by 

a  more  or  less  complete  layer 

of  compact  tissue,  which  itself  ^^-  ^• 

often  contains  minute  Haver- 

sinn  canals.     The  veins  they 

contain  discharge  themselves 

separately  on  the  surface. 

The  Haversian  canals  vary 

n  diameter  from  n\v  t*>  tt>c 

fit  of  and  inch,  or  more,  the 

iverage     being    about    tvt- 

Their  ordinary  distance  from 

one  iQother  is  about  -rfr  of  an 

iBcb.    Tbey  may  be  regarded 

u  iarolutions  of  the  surface 

of  the  bone  for  tbe  purpose  of 

illowing  vessels  to  come  into 

cootu^t    with    it    in    greater 

Aimdanee.     It  is  evident  that 

ft«nneelli,  and  even  the  great  medullary  canal  itaclf,  are  likewise 

inTolutions  of  the  osseous  surface,  though  for  a  partly  different  end. 

TlicK  larger  and  more  irregular  cavities  in  bone  may  be  considered 

u  I  dilated  form  of  Haversian  canals.     They  contain  vessels  not  only 

fotthe  nutrition  of  the  thin  osseous  material  forming  their  walls,  but 

>1m  for  the  supply  of  the  fat  enclosed  within  them. 

Thui  the  true  osseous  substance  may  be  described  as  lying  in  the 
intentices  of  a  vascular  membrane,  or  of  a  network  of  blood-vessels. 
Tbe  most  interesting  points  in  tbe  minute  anatomy  of  bone  relate  to 
tiie  mode  in  which  nutrition  is  provided  for  in  those  parts  not  in  im- 
■ediiie  contact  with  the  blood-vessels.  We  have  already  seen  that 
ccDiiderable  masses  of  cartilage  derive  their  nutriment  from  vessels 
pliced  on  their  exterior  only,  apparently  by  a  kind  of  imbibition,  pei^ 
btpj  tided  by  the  presence  of  the  nucleated  cells,  and  by  a  more  or 
^fibrous  texture:  but  bone,  which  is  of  a  far  harder  and  denser 
niore,  is  unable  to  imbibe  its  nourishment  so  easily.  Hence  its 
Mrftce  is  greatly  augmented  by  the  arrangements  already  detailed; 
ud,  in  addition  to  this,  the  osseous  tissue  itself  is  provided  with  a 
■penal  system  of  microscopic  cavities  and  canaliculi,  or  pores,  by 
*l)ich  its  recesses  may  be  irrigated,  to  a  degree  of  minuteness  greatly 
'Kwding  what  could  have  been  effected  by  blood-vessels  alone, 
"ntlMeotly  with  tbe  coropactneas  and  density  required  in  the  tissue. 
The  study  of  this  delicate  apparatus  will  now  demand  attention,  but 
*  few  words  must  be  premised  on  the  ultimate  structure  of  tbe  osteous 

'UMC. 

It  appears  from  tbe  researches  of  Mr.  Tomes,  about  to  be  published 
u  tbe  Cyclop«edia  of  Anatomy,  that  the  ultimate  structure  of  the 
Mkous  tissue  is  granvlaT.  The  granules  of  bone  are  often  veiy  dis- 
tiDcdy  visible,  without  any  artificial  preparation,  in  the  substance  of 
Qie  delicate  spicules  of  the  cancelli,  viewed  with  a  high  power,  and 
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I-  be  I 


in  various  sections  of  all  Torms  of  bone. 

obtained  in  calcined  bone,  either  by  bruising  a  fragment  of  it,  or  b 
sleeping  it  iti  dilute  murintic  acid  ;  Ihey  may  also  h 
made  very  evident  by  prolonged  boiJiog  in  a  Papin 
digesler.  Those  represented  in  fig.  21  were  nbtaiae 
in  the  latter  mode.  The  granules  vary  in  size  froi 
sbVit  to  ithm  "f^  2n  inch.  In  shape  they  are  oval  < 
obiong,  and  often  angular.  They  cohere  firmly  togi 
tber,  possibly  by  the  medium  of  some  second  sul 

boNB"Tm'»it"m"™i°^  stance.     In  some  few  instances,  Mr.  Tomea  has  mi 

>?.'!t.'L'!?f£"'_!^^'" ""  '"'''*  ^  ^^^y  minute  network,  which  seems  adapte 

B^i  toreceive  them  in  its  interstices;  but  Ihisheconsidei 

'"*  to  require  confirmation.     A  frequent  appearance  ( 

the  granular  texture  is  well  represented  in  fig.  22. 

Where    bone    exist 
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Fig.  82. 


naturally  in  an  exceed 
ingly  atlenuBled  ftirn 
it  may  consist  of  a  mer 
aggregation  of  Ibes 
granules,  iinpenelrBtd 
by  any  perceptibl 
pores.  This  constitute 
the  simplest  form  undt 
which  the  tissue  cb 
present  itself. 

But  all  the  osseoD 
lissue  wilb  which  tb 
human  anatomist  is  cot 
I  ih.ir  wrfcr.!.  niion-inj  ccmcd  Is  of  such  bul 
i>(iirei>Kr>cni<^'~M>'jr-     as  lo  contain  the  ser'ii 

,par.Ho,,dnh«c.nwill      ^^     p^^^^    ^^^     cavitll 

already  alluded  to  f< 
the  conveyance  of  fluid  from  and  to  i 
vascular  surface.  These  pares  alwaj 
advance  into  the  bone  from  open  orifici 
on  its  surface.  They  soon  arrange  then 
selves  in  sets,  each  of  which,  after  ana: 
lomnsing  with  neiE^hbourlng  ones,  dii 
chirges  itself  in  ton  small  cavity  or /ocvni 
in  which  its  individual  pores  cnalesci 
From  the  sides  of  this  lacuna  other  pnr< 
pass  olfto  similar  cavities  in  the  vicinity 
and  others  proceed  from  its  opposite  sui 
face  to  penetrate  slitl  deeper  into  Ih 
tissue.  These  pour  themselves  into  anc 
Iher  lacuna,  or  divide  themselves  belvee 
two  or  three,  which  are  coniH'Cted  in  lik 
manner  by  lateral  channels.  From  thee 
again  pass  others,  whieh  pursue  an  onw«r 
course  from  the  surface ;  and  so  on,  unt 
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the  whole  substance  of  the  bone  is  perforated  by  them.  The  pores 
from  the  further  side  of  the  extreme  lacunae  either  open  on  the  surfiice 
of  the  bone  which  they  may  now  have  reached,  or  else  take  a  re« 
carved  direction  back  into  the  tissue. 

When  this  beautiful  system  of  microscopic  pores  and  cavities  was 
first  seen,  it  was  not  recognized  as  such.     The  lacunas  were  imagined 
to  be  solid  corpuscles  (a  name  still  commonly  applied  to  them),  and 
llie  lines  radiating  from  them  to  be  branching  threads  of  the  earthy 
constituent  of  bone.     They  may  be  proved  in  many  ways,  however, 
to  be  real  excavations  in  the  tissue.     With  a  sufficiently  high  power 
their  opposite  walls  can  be  distinctly  seen,  as  well  as  their  hollow 
interior;  but  the  most  conclusive  evidence  lies  in  our  being  able  to 
fill  them  with  fluid.     If  a  dry  sectic^b  of  bone,  in  which  they  are  very 
appareot,  be  moistened  with  oil  of  turpentine  while  in  the  field  of  the 
microscope,  the  course  of  this  penetrating  material  can  be  witnessed, 
as  it  advances  into  the  tissue.     It  is  seen  to  run  quickly  along  the 
pores  from  the  Haversian  canals,  and  from  the  surface  of  the  speci- 
men, where  they  have  been  cut  across.     Having  entered  a  lacuna,  it 
suddenly  extends  along  the  pores  radiating  from  it,  and,  through 
these,  reaches  other  lacunse  ;  rendering  the  tissue  transparent  by  fill- 
ing up  its  vacuities.     In  parts  where  air  has  previously  occupied 
the  vacant  spaces,  and  the  turpentine  cannot  displace  it,  the  charac- 
teristic appearance  of  minute  bubbles  is  often  present. 

The  lacuna  of  osseous  tissue,  if  examined  extensively  in  the  ver- 
tebrate class,  are  found  of  very  various  shapes :  sometimes  scarcely 
to  be  distinguished  from  the  pores,  of  which  they  are  simple  fusiform 
(lilatations ;  at  other  times  large  and  bulky,  and  forming  the  point  of 
junction  of  a  great  multitude  of  pores.     Mr.  Tomes  has  allowed  us 

Fis.  24. 
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f«nQ  of  variom  Laconie,  an<l  their  nores:— a.  Simple  irregular  cavitleR,  without  porM;  Oom  an 
^'^■i^aiiiNi  oT  the  plear* ;  6.  from  heahay  bone  of  the  human  snbjcGL  b'.  One  oC  ihtt  outer  Jarunip  of 
>*Htfrmm  ayMem,  with  the poref  all  bending  dowu  towards  the  U.  naiial.  c.  Other  form*  from 
"**'**  bone.vbowing  lh«  lateral  connectinif  porea. 

.^Fnaa  the  Boa.  External  iacunnc  of  an  H.  system,  with  unu«ua]ly  largo  pores  dipping  towards 
tie  vumlar  surface,  d'.  Cavity  intermediate  between  a  lacuna  and  a  pore.  t.  Aootlier  variety  from 
**  *>■•  irpbJa— JRhmb  Hr.  Tomes. 
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to  represent  the  principal  varielles  which  he  has  met  with  in  A 
human  subject ;  and  some  remarkable  ones  from  ihe  lower  animal 
are  shown  (fig.  24)  from  the  same  -source.  In  the  true  dental  sut 
stance,  which  is  a  kind  of  bone,  Ihe  lacuna  are  almost  entirely  de( 
cient,  and  the  pores  attain  a  very  singular  development,  which  wi 
he  described  in  a  subsequent  chapter. 

Bui  though  varieties  are  occasionally  met  wiih,  yet,  in  Ihe  tfu 
bone  of  man  and  Ihe  mammalia,  Ihe  lacunee  possess  a  very  constar 
form ;  being  somewhat  oval,  and  more  or  less  flatlened  on  the 
opposite  surfaees.  The  two  surfaces  look  respectively  to  and  froi 
the  nearest  surface  of  Ihe  tissue,  and  meet  in  a  thin  edge.  As  pon 
pass  off  equally  from  all  parls  of  the  lacunas,  it  follows  Ihal  hy  fa 
the  greater  number  pass  lo  or  from  the  surface  of  the  bone  ;  a 
arrangement  admirably  adapted  for  the  transmission  of  the  nulritiou 
fluids.  The  pores  passing  from  the  edge  principally  serve  to  connec 
together  those  lacunae  that  lie  at  nearly  the  same  distance  from  lh< 
surface.  In  fig.  2*2,  Ihe  lacunae  are  seen  on  their  surface ;  in  fig.  33 
on  their  upper  edge. 

The  lacuuffi  have  an  average  length  of -rj'jB  of  an  inch,  and  the] 
are  usually  about  half  as  wide,  and  one-third  as  (hick.  The  diamele 
of  the  pores  is  from  jBctrj  to  tibs^  of  sn  inch. 

The  osseous  tissue,  thus  studded  by  thousands  of  Haltened  lacuna 
Tvhich  lie  for  ihe  most  part  in  planes  parallel  lo  the  surface,  has  i 
decided  disposition  to  split  up  into  laminer,  following  the  same  direc 
tion.  This  is  more  evident  in  the  bones  of  old  persons,  and  may  b' 
generally  promoled  by  maceration  in  dilute  acid.  It  is  most  appareo 
where  the  mass  of  material  between  Iwo  vascular  surfaces  is  grea' 
and  the  series  of  lacunas  numerous.  Il  is  probable  that  this  lumellaie 
structure  depends  in  part  on  the  mode  of  development  and  growth  i 
this  tissue,  and  it  perhaps  contributes  to  the  perfection  of  the  nutrilif 
process  wilhin  it. 

It  i*ill  now  be  easy  to  comprehend  the  apparently  complen  arrangi 
ment  of  the  osseous  tissue  in  the  interior  of  bones.  Let  us  lake,  f 
example,  one  of  the  long  bones.  The  entire  vascular  surface  coi 
sists  of,  1,  the  outer  surface,  covered  by  Ihe  periosteum  ;  2,  Ihe  inn 
surjace,  lined  by  ihe  membrane  of  the  medullary  cavity,  and  of  il 
cancelli ;  3,  the  Haversian  surface,  or  that  forming  the  canals  of  ll 
compact  tissue,  and  having  in  contact  with  it  the  vascular  nelwoi 
that  occupies  them,  and  which  has  been  already  described.  The: 
involutions  of  the  sprface  are  so  arranged  that  no  part  of  the  osseoi 
tissue  is  in  general  at  a  greater  distance  than  ^4;;  of  an  inch  from  ll 
vessels  that  ramify  upon  them. 

There  is  a  layer  of  tissue  on  Ihe  exterior  of  the  bone  deriving  i 
nourishment  from  the  periosteum,  and  which  may  be  called  the  per 
osteal  layer.  The  lacuns  of  this  layer  alt  face  that  surface,  and  it 
pores  of  the  superficial  ones  open  upon  it.  There  is  another  laye 
forming  the  immediate  wall  of  the  medullary  cavity,  and  termed  ti 
meduitary  layer.  Its  lacunte,  in  like  manner,  face  ihis  cavity  ;  an 
the  pores  of  the  inner  ones  open  upon  it.  This  layer  becoroi 
variously  folded  lo  form  the  plates  and  fibres  of  the  cancelli ;  and  a 
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the  lacaue  of  these  l«ce  these  irregular  cavities,  and  their  pores  open 

into  them.     The  HaversiaD  surface,  too,  being  an  iovolution  of  the 

oater  and  inner  surfaces,  and  serving  to  connect  them,  is,  in  fact, 

femed  by  an  involution  of  the  periosteal  and  meduUftiy  layers,  and 

mites  these  with  one  another.     Where  a  vessel  enters  the  compact 

tissue  from  the  exterior,  it  carries  with  it  a  sheath  of  bone  from  ihe 

periosteal  lajer.     The  lacunae  of  this  osseous  sheath,  instead  of  being 

tamed  outwards,  like  those  of  the  periosteal  layer,  preserve  their 

telatioD  to  the  vascular  surface  to  which  they  pertain,  ana  face  imeardi 

towards  the  vessel.     Whereverthe  vessel  penetrates,  whatever  ilirec- 

tioo  it  takes,  and  however  it  branches,  it  is  eveiywhere  accompanied 

hf  this  sheath  from  the  periosteal  layer,  or  by  offsets  frum  it ;  and, 

vben  it  eotera  the  medullary  canal,  its  sheath  expands  into  the  medul- 

Iu7  layer. 

The  vessels  of  the  compact  tissue  are  so  cloae  together  (hat  the 

OMeoos  ahciths  respectively  surrounding  them  come  into  contact  and 

uite;aod  thus  all  the  space  between  the  outer  and  the  inner  surface 

ttthe  compact  tissue  is  filled  up :  thus,  in  a  word,  the  compact  tissue 

iieooitructed. 
Ai  the  vessels  of  the  compact  tissue  lake  a  longitudinal  direction, 

a  tnoBverae  section  of  the   bone  [fig.  S5)  will 

■pptv  pierced  by  numerous  holes  which  are  the 

HiTcrtian  canals  cut  across.    Each  hole  appears 

u  ibe  centre  of  a  roundish  area,  which  is  the 

MtioD  of  an   involuted  periosteal   layer   now 

become  a  veitical  rod,  containing  a  vessel  in  its 

■lit.    The  Haversian  canals  vary  considerably 

it  liie,  and  do  not  maintain  a  very  close  relation 

la  (be  thickness  of  Ibeir  respective  osseous  walls. 

Tbey  are  frequently  iwcentnc,  owing  to  their  wall 

bul|ing  more  in  one  direction  than  another,  to  lit 

ii  between  others  in  the  vicinity :  for  thoiif;h  the 

nit  of  hone,  containing  the  vessels,  a9ect  the 

<7lindncal  form,  they  often  present  an  oval,  or 

cfca  a  very  irregular,  figure,  on  a  section ;  their 

doK  package  having  modified  their  form.     The 

ptrioiteal   and   medullary  layers  are   also  well 

Hn  OB  the  same  section,  the  latter  curving  in- 

«irds  to   constitute  the  walls  of  the  caocelli. 

Tbne  two  layers  are  of  very  irregular  thick- 
Ma,  as  the  Haversian  rods  encroach   on  them 

■Hqually  (fig.  35). 
On  a  further  examination  of  such  a  section,  with  a  sufficient  mag* 

Biffing  power,  we  observe  the  lacunn  of  the  periosteal  and  medul- 

^rj  hiyeis  lacing  those  surfaces,  and  their  pores  opening  upon  them ; 

*hile  the  lacunie  of  each  Haversian  layer  all  face  the  corresponding 

noil,  and  their  pores  radiate  from  it  (fig.  26,  and  the  prcvioua  fig.  83, 

■»re  highly  magnified),     llie  lacunte  facing  the  Haversian  surface 

vt  generally  curved  concentrically  with  it.    They  are  more  numerous, 

tad  their  pores  more  abundant,  on  the  side  where  there  is  most  osie- 


mI  l»yr.  a  Tht  mcdal- 
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i«us  substance,  and  where  it  conscquenlly  extends  furthest  from  lb 
-flource  of  nutriment,  the  Haversian  vessel.    'I'he  reason  of  tlie  want  of 

,;  proportion  between  the  width  of  the 

FiS-  '8.  canals,  and  the  thickness  of  their  rt- 

Speclive  osseous  walls,  appears  to  be 
this,  ibat  the  larger  canals  transmit 
vessels  to  other  parts,  besides  con- 
taining those  which  nourish  iheirown 
layer;  while  some  of  thetn  are,  no 
doubt,  in  a  great  measure  chaaneh 
,;r(L",."',      for  veins. 

The  outer  lacuna;  belonging  to  sn 

(^      i  ll.iversian  canal  somelimes  send  out 

innfs   In   nnaslomose  with  those  of 

':<^    neighbouring    rods;    but    this 

ms  to  happen  chiefly  where  ibe 

'iUitiguous   rods   hiive  just   sprung 

fiom  a  common  stoclc.    Occasionally, 

also,  lacunEe  of  irregular  shape  (as 

'.  ;ii  ihe    at  s,  fig.  36)  lie  in  the  interval  oflw» 

.■,-"»n(i    or  more  rods,  and  communicate  witli 

^'I'JII^'I^'K    lacuna  of  all  of  ihem;  but,  in  general, 

'■il'"!**,'  '     ;"-"'•    the  outermost  pores  of  the  extreme 

imi'lfd'.L'f. ■,'.,. I  ,,,'..,.■.,,.  ,,,'"',m'."M    lacunffi  droop  back  on  all  sides  {fig. 
tBrt«'"fTmcw.i.gtoui!7Jsicpii^^^^  24,  i',  d),  and  re-enter  the  peuultl- 

male  series  of  their  own  rod. 
Owing  to  this  arrangement,  there  always  appears  a  Iranspafwt 
interval  between  contiguous  rods;  the  pores  and  lacunae  not  existing 
there  to  intercept  the  passage  nf  the  light  (fig.  2ti).  This  is  a  te- 
inarlcable  circumslance,  and  will  be  illustrated  when  we  come  to 
speak  of  the  development  of  bone. 

The  tametlated  character  of  bone  can  be  frequently  dislinguisheil 
in   ihe   periosteal,  medullai^i 


1  M 

Fig.  37. 

and  Haversian    layers;  mI 
— ^        in  general,  wherever  sevenl 
^^^K        successive   series  of  lacuw 

M 

■ 

I^HHB       exist.     The  Haversian  rodi, 
^^^HH        however,     are      remarkabl)' 
^^H^^E        prone  to  exhibit  this  appeai- 
^^^^^Bk      ance,  especially  underihecoD- 
PI^^H^H     dilions  previously  mentioned 
L     HuBaar     (P-11-*)-  Their lamellK.how- 
^tfi^PIW      ever,   are  not  concentric,  a: 

^B  -1. 

~^'^       commonly   described.      TTk 

^M  •Mom  u,  u». 

e^i'ciK.ii  uf  lilt  com 

p.ci  i."u..  of  n  iit'^i*    fissures  which  disclose  them 
'■"-    are    indeed    concentric,    bui 

^m  ^^"''^''" 

..;=    they  are  always  incomplete 

F  -4m>iCc»i. 

,,:;;;::    never   extending  complctelj 
round  the  canal ;  so  that  lh« 

lamellffi 

run  into  one 

another  at  various  points.     This  results  fron 

^H 

% 

^^^^^B 
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the  fact,  that  the  lacuns  are  not  arranged  in  sets  equidistant  from  the 
centre,  but  are  scattered,  as  it  were,  independently  of  one  another,  at 
erery  possible  variety  of  distance  from  the  canal  (figs.  23  and  27). 
The  larger  concentric  cracks,  which  generally  run  through  the  lacunae, 
seem  to  occur  where  two  or  three  of  these  happen  to  lie  nearly  in  the 
ame  curve.     Bone  is  very  apt  to  crack  in  the  interval  between  the 
rods ;  and  each  of  these  rods  is  really  so  distinct  from  those  near  it, 
that  it  may  be  designated  conveniently,  for  the  purposes  of  descrip- 
tion, as  an  Haversian  system  of  lamellee. 

In  a  longitudinal  section  of  the  compact  tissue  of  a  long  bone 
(fig.  19,  p.  110)  the  appearance  of  lameliation  is  generally  less  evi- 
dent, except  where  a  longitudinal  canal  happens  to  lie  exactly  in  the 
plane  of  section.     When  the  Haversian  canal  is  a  little  below  the  cut 
surface,  it  is  of  course  covered  by  some  of  its  lamellae,  the  lacunae 
of  vbich  directly  over  it  are  seen  in  face,  while  the  lamellae  dipping 
in  on  either  side,  in  their  course  round  the  canal,  present  the  thin. 
edges  of  their  lacunae  to  the  observer.     In  the  former  part  those  pores 
alone  are  seen  that  proceed  from  the  edge  of  the  lacunae  ;  while  in  the 
latter  those  from  both  surfaces  are  seen,  and  of  course  appear  much' 
more  numerous. 

The  description  now  given  of  the  intimate  texture  of  the  compact 
tissue  of  long  and  short  bones  will  apply,  in  all  essential  respects,  to 
erery  other  example  of  the  compact  tissue;  the  chief  difference  con- 
sistJDfl;  in  the  direction  taken  by  the  Haversian  canals,  which  is 
irregular  where  the  tissue  follows  an  irregular  course.  In  general, 
however,  the  canals,  with  the  Haversian  rods  forming  their  sheaths, 
nin  ic  the  direction  in  which  the  tissue  needs  the  greatest  strength. 
Thus,  in  the  long  bones  it  is  vertical ;  and  in  those  flat  bones,  which 
hare  to  support  weight,  it  is  also  more  or  less  vertical ;  while  in  those 
designed  to  sustain  the  action  of  forces  of  other  kinds  it  is  liable  to 
corresponding  variety. 

So  beautifully  mechanical  is  this  disposition  of  the  Haversian  sys- 
tems in  the  compact  tissue,  that  we  need  not  smile  at  the  descriptions 
of  Gigliardi,  who,  with  imperfect  means  of  observation,  appears  to 
ha?e  been  at  least  faithful  in  his  attempts  to  delineate  nature.     The 
periosteal  and  medullary  layers  are  true  plates  of  bone,  and  Ihe  Ha- 
versian systems  are  true  fibres  or  jAns^  all  connected  with  one  another 
by  direct  continuity  of  tissue,  and  most  artfully  arranged  for  the  me- 
chanical ends  in  view ;  and  we  cannot  sufficiently  admire  the  skill 
which  has  caused  the  means,  employed  for  these  ends,  to  conspire 
vith  those  which  were  indispensable  for  the  due  nutrition  of  the 
tissue. 

In  the  ordinary  cancellated  texture,  each  cancellus  must  be  re- 
garded as  a  little  medullary  cavity,  containing,  as  it  does,  medulla 
and  highly  vascular  medullary  membrane.  The  plates  of  bone  which 
form  its  walls  consist  of  lamellse,  among  which  lacunae,  with  their 
pores,  are  scattered ;  and  they  sometimes,  when  thick,  contain  Haver- 
sian canals.  Usually,  however,  the  pores  of  these  laminae  com- 
municate directly  with  the  cavity  of  the  cancellus  to  which  they 
belong. 
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Jftrvta  of  Bonn. — The  skill  nf  atialomists  has  hitherto  failed  to 
deroonslrate  Ihe  preaence  of  nerves  in  the  interior  of  bones.  Some 
nerves  pass  through  bones,  but  no  supply  siriclly  to  ihe  osseous  mat- 
ter has  yet  been  proved,  Yel  ihere  is  little  doubt  ihat  the  vascular 
surface  of  bones  is  furnished  with  nerves:  the  iiainTulness  of  raanj 
affections  of  the  periosteum,  and  of  the  medullary  membraoe  seemi 
to  place  Ihis  beyond  dispute. 

Development. — In  the  earliest  period  at  which  the  skeleton  can  be 
detected  among  the  other  tissues  of  the  embryo,  it  is  found  to  consist 
only 'of  a  congeries  of  cells,  consliluling  the  simplest  form  of  car- 
tilage. These  increase  in  number  and  in  density,  and  become  sur- 
rounded and  held  together  by  an  intercellular  substance  in  small 
quantity;  thus  forming  the  temporary  cartiltige,  \t\\\ch  subsequently 
becomes  converted  into  bone.  The  temporary  cartilages  have  the 
same  general  shape  before  as  aOer  their  ossification  ;  and  as  this 
process  is  slow,  and  not  finally  completed  until  adult  age,  they  share 
during  a  considerable  period  in  the  functions  nf  the  bony  skeleton. 

Until  Ihe  completion  of  Ihe  process  of  ossification,  the  temporary 
cartilages  increase  in  bulk  by  an  interstitial  development  of  oev 
cells.  A  few  vessels,  also,  shoot  into  them  at  an  early  period, 
occupying  small  tortuous  canals,  which  subsequently  become  obli- 
I  terateil. 

Ossificslion  commences  in  the  interior  of  Ihe  cartilage  at  dete^ 
Lninatc  points,  hence  called  points  or  centres  of  ossification.  Froffl 
these  the  process  advances  into  tbe 
Eurroimdtng  substance.  The  period 
at  which  these  points  appear  vtrin 
much  in  the  different  bones,  and  in 
difl'erent  parts  of  them.  The  first  i» 
Ihe  clavicle,  in  which  the  primilire 
point  appears  during  the  fourth  week; 
next  is  the  tower  jaw;  the  ribs,  loo, 
appear  very  early,  and  are  completed 
early  ;  next  the  femur,  humerus,  libk, 
and  upper  jaw.  The  vertebne  and 
pelvic  bones  are  late,  as  well  as  those 
of  the  tarsus  and  metataraiis.  Some 
bones  do  not  begin  lo  ossily  till  aftet 
birth,  as  Ihe  patella. 

In  most  bones  ossilicalion  begins 
at  more  than  one  point.  Thus,  in 
the  long  bones  (fig.  28)  there  is  a 
middle  poini,  to  form  the  future  shafi ; 
and  one  at  each  exlremily,  to  form 
the  articular  surface  and  emineoces. 
That  in  the  shal^  is  the  first  to  appear, 
and  Ihe  others  succeed  it  at  a  variable 
interval.  The  central  part  is  termed 
the  diaphysis,  and  for  a  long  periofl 
after  birth  there   remains  a  laj^er  of 
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Fig.  m. 


n  Ihg  HuHiim  of 


ifieit  cartilage  between  this  and  the  epipkytet,  as  the  extremities 
en  styled.  Procetus  of  bone  have  usually  their  own  centres  of 
ation,  and  are  termed  epiphyses 
hey  are  finally  joined  to  the  main  Fig.s9. 

ifter  which  they  receive  the  name 
ipAyiei. 

lification  generally  extends  in  (he 
ion  that  the  future  laminse  and 
rsian   rods   are   to   assume,  and 
I  corresponds  in  a  great  mea 
t  in  which  it  is  designed  that  the 
■trength  of  the  structure  may  lie. 
,  in   the   bones   composing;   the 
of  the  cranium,  there  Is  always     BMp>ii»of»f<«™i  i 
r  decided  radiation  from  the  most  ni»i?  ThaiiRbipi 
jient  part   of   the    convexity  of  En/rSiuFB^'Lomit 

In  the  scapula  this  direction  is 
ited  by  the  lines  of  sha- 

rrpresented   in  figure  F  g  80 

The  outline  marks  the 
lof  (he  temporary  car- 
',  in  which  no  other 
I  of  bone  have  yet  ap- 
d. 

t  minute  bistorj-  of  the 
n  by  which  temporary 
■ge  is  converted  into 
,13  of  extreme  interest, 
good  descriptions  of  it 
been  given  bySharpey, 
iher,  and  others ;  from 
I,  however,  it  will  be 
by  the  following  ac- 
(hat  we  differ  in  some 


iraiy  cartilage  are  small , 
pretty  uniformly  scat- 
through  a  sparing,  ho- 
neous  intercellular  sub> 

I.  T«(iie«J  KciioB  of  eanlluB 
•nA«  of  aiificiiion  —  I.  OrJi- 


-^^-V  ^'if  "  -" 

■°'C*^^~**A*c. 

1 

r 

) 

°y-°V.""  r"~ 

i^0M^-^' 

^.-:?z>-^ '7ih 

■JMrnir 

■iSi-p.t'Vi 

&;.".== ;-¥s5 

1 

S"  ?SS*-    '3    tr^ 

} 

■■iif.m'l;; 

J 

ij'fls5|?: 

fs^^l 

pSs==ml 

\ 

k  s 

~&& 

I 

E  ° 

EJ-^3l 

[H  ' 

3i&K 

) 

P  f. 

^t^ 

r^  ^ 

li^iz 

r^xy 

120 


ORGANS  OF  LOCOMOTION. 
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nee.     The  nuclei  are  granular,  and  large  compaped  with  the  ceH?, 

ieh  are  dislinguishecl  from  Ihe  surrounding  ,<!ubslance  i>rineipallT 

their  Iransparency  around  each  nucleus  (fig.  30,  1.  1'), 

In  ihe  vicinity  of  Ihe  point  of  ossificalion,  (for  example,  in  one  of 

e  long  bones,)  a  singular  change  is  observed.     The  cells  are  seen 

be  gradnafly  arranging  themselves  in  linear  series,  which  run  down, 

it  were,  towards  the  ossifying  surface.     The  appearance  they  pre- 

nt  on  a  vertical  seclion  is  represented  in  fig.  30.     At  Grsl  Iheir 

■aggregation  is  irregular,  and  the  series  small  (2.  2');  but,  nearer  to 

Ihe  surface  of  ossificalion,  they  form  rows  of  twenty  or  thirly.     These 

'tows  are  slighlly  undulated,  and  are  separated  from  one  another  b^ 

intercellular  substance.     The  cells  composing  them  are  closelj' 

applied  to  one  another,  and  compressed,  so   that  even  their  nuclei 

seem  in  many  instances  lo  touch:  the  nuclei  themselves  are  also 

flattened,  and  expanded  laterally. 

The  lowest  rows  dip  intn,  and  rest  in  deep  narrow  cups  of  bone, 
formed  by  the  osseous  transformation  of  the  In- 
tercellular substance  between  the  rows.  Ttiese 
cups  are  seen  by  a  vertical  section  in  fig,  30,  3, 
3',  and  by  a  transverse  section  on  the  level  of 
the  ossifying  surface  in  fig.  31.  As  ossificatioD 
advances  between  the  rows,  these  cups  are  ef 
course  converted  into  closed  areolae  of  bone,  the 
walls  of  which  are  lamellilbrra,  and  at  first  n- 
tremely  Ihin. 

Immediately  upon  the  ossifying  surface,  the 
nuclei,  which  were  before  closely  corapressrd, 
separate  considerably  from  one  another  by  the 
increase  of  material  within  the  cells.  The  nnclei 
likewise  of\en  enlarge  and  become  more  trans- 
parent; a  condition  first  pointed  out  to  us  by 
Mr.  Tomes,  but  not  present  In  fig.  31,  which 
griDiiru  wuid  of  ua  m-    was  taken  from  a  preparation  that  had  been  iffl- 

olndndHll*.  o  New  bone.  ,  .  .  .         r      '       .  , 

6. NueioBt— From ihB nii>-  mersed  in  spirit.  Ihe  changes  now  enumemea 
ofVil^mo"""'''""'^  ™ay  be  conveniently  considered  to  conslitule  the 
jf/"s(  stage  of  the  process,  which  extends  only  to 
the  ossification  of  the  intercellular  substance.  In  this  stage  there  are 
no  blood-vessels  directly  concerned. 

The  areolas  or  minute  cancetli,  when  first  formed,  contain  only  the 
rows  of  cells  which  they  have  enclosed.  It  is  remarkable,  that,  when 
the  cartilage  is  torn  from  the  bone,  it  usually  carries  with  it  one  or 
two  layers  of  these  canceUI,  or  a  little  more  than  Is  represented  tn 
fig.  30.  If  the  specimen  be  examined  deeper  in  Ihe  bone,  even  Bt« 
depth  of  tV*"^  i  of  3n  inch,  other  appearances  are  met  with.  The 
lamelliB  of  bone  enclosing  the  cancelli  are  no  longer  simply  homoge- 
neous or  finely  granular  in  texture,  but  have  acouired  more  the  aspect 
of  perfect  bone.  They  are  also  thicker,  and  include  in  their  sub- 
stance elongated  oval  spaces,  which,  excepting  that  they  are  of  a 
roughly  granular  nature,  exactly  resemble  the  lacuna  of  bone  already 
described.     They  are  evidently  the  jMcld  of  ihc  cells  of  the  tempo- 
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rary  cartilage,  they  are  scattered  at  pretty  uniform  distances  apart, 
and  they  all  follow  the  direction  of  the  lamelle  to  which  they  belong 
(fig.32,d.g).     The  cur- 

Ttfinear  outline  of  their  P'k  aa 

now  ossified  cells  can 
often  be  partially  dis- 
cerned (fig.  32,  e). 

Within    the    cancelli, 
only  a  few  cells  can  be 
delected,  these  cavities 
being  chiefly  occupied  by 
ft  quantity  of  new  sub- 
stance, consisting  of  gra- 
nules, and  resembling  a 
formative     blastema    or   | 
basia,  like    that    out    of  i 
which  all  the  tissues  are    1 
evolved  (fig.  32,  /,  and    j_    _  _ 
fig.   33,  *}.     The    cells 

that  are  met  with  are  in  apposition  with  the  wall ;  and  sometimes  (as 
in  fig.  32,  e)  one  of  them  seems  half  ossified,  and  its  nucleus  about  to 
become  a  lacuna.    The  nuclei  of  these  celts 
have  now  always  the  same  direction  as  the 
neighbouring  lacuuic. 

In  fig.  33,  taken  from  a  little  deeper  in  the 
bone,  we  have  portions  of  three  cancelli,  1. 1. 1., 
together  with  the  osseous  material,  now  of 
connderable  thickness,  that  intervenes  be- 
tween them.  In  the  centre  of  this  last  is  seen 
a  lamella,  I,  of  a  peculiar  kind,  containing  no 
lacuns,  and  quite  distinct  from  the  layers,  A. 
L,  between  which  it  lies.  These  consist  of 
nucleated  cells,  corresponding  in  size  with 
those  of  the  temporary  cartilase,  and  having 
their  nnclei  disposed  vertically,  and  of  the 
nme  shape  and  dimensions  as  the  lacunx  of 
bone.  They  are  still  granular,  however,  and 
no  pores  can  be  seen  emerging  from  them.  * 

The  cells  are  united  together,  and  the  lines  of  „^^,^l  J^^\^a^' 
their  junction  have  for  the  most  part  disap-  ""ihi"? %«"« ij  eonun n^ 
peared.  The  curvilinear  border  of  each  can  ui^ul^  niw  twi^'*^ 
be  itiU  seen,  however,  at  its  union  with  the  IJU^I31jf«d*conmiiiiBow!l^ 
central  lamina,  /.  In  the  cancelli,  i.  i.  v,  the  ^iSwlTSii^SiJrSf^ur^ 
granular  blastema  exists  in  great  abundance.      tbacutiiMe.  cnuiiwthiiM 

It  bence  appears,  that,  aAer  the  ossification  Ij^hi.h^l^te^'^ui.c.^i^" 
of  the  intercellular  substance,  the  rows  of  car-  S!l!Jn"u"ii'tail?4'i!?hSi,I* 
tilaee  cells  arrause  themselves  on  the  inner   onik'nUoribaawweihiiDn 

"^^  ...  *      I        p  J  II-  J     111*  liglit  an  tm  nra  hmIc:, 

soruce  of  the   newly  farmed    cancelli,  ana    whicn  ippcBr  u  im  faiminx 
become  ossified,  with  the  exception  of  their  H'.^oftafii^'""'"*"" 
■■del,  which  remain  granular,  and  snbse- 
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quently  form  the  lacanae  of  bone ;  and  that  a  new  substance,  or 
blastema,  appears  within  the  cancelli,  from  which,  probably,  vesseb 
are  developed,  and  the  future  steps  in  the  growth  of  the  bone  pro- 
ceed. 

The  cancelli  when  first  formed  are  closed  cavities.  At  a  subse- 
quent period  they  appear  to  communicate,  and  thus  to  form  the 
cancelli  and  Haversian  canals  of  perfect  bone ;  a  complete  net- 
work of  blood-vessels  becoming  developed  within  them  at  the  same 
time. 

The  subsequent  progress  of  ossification  seems  to  consist  essentially 
of  a  slow  repetition,  on  the  entire  vascular  surface  of  the  bone,  m 
that  process  which  has  been  now  briefly  described.  It  is  probable 
that  new  cartilage-cells  are  developed  on  that  surface,  and  become . 
ossified  in  successive  layers,  their  nuclei  remaining  to  form  the  lacanc, 
the  uniform  dispersion  of  which  through  bone  is  thus  explained.  The 
cause  of  the  lamination  of  bone  parallel  to  its  vascular  surface,  is  also 
thus  illustrated. 

The  first  appearance  of  pores  is  in  the  form  of  irregularities  in  the 
margin  of  the  lacunae.  These  increase  with  the  consolidation  of  the 
tissue,  and  are  converted  into  branching  tubules  which  communicate 
with  those  adjacent.  These  pores  must  consequently  be  formed  in 
the  ossified  substance  of  the  cartilage-cells.  In  our  account  of  the 
lacuns  of  perfect  bone  it  was  mentioned,  that,  for  the  most  part, 
those  of  contiguous  Haversian  systems  do  not  communicate  across 
the  narrow  interval  that  separates  the  Haversian  rods ;  this  interval 
having  in  fact  no  pores.  It  results  from  what  has  just  been  said  of 
the  mode  of  deposition  of  new  layers,  that  the  primary  osseous  net- 
work, formed  in^the  intercellular  substance  of  the  temporary  carti- 
lage, must  come  to  constitute  the  substance  intervening  between  the 
Haversian  rods,  the  non-porosity  of  which  is  thus  satisfactorily  ac- 
counted for,  as  well  as  the  facility  with  which  the  rods  themselves 
may  be  made  to  separate  from  one  another.  As  for  the  lacune,  their 
originally  granular  interior  seems  to  be  gradually  removed,  so  that 
they  become  vacuities  adapted  for  the  conveyance  of  the  nutritious 
fluids  through  the  compact  material  of  the  perfect  bone. 

Growth  of  Bone. — But  it  must  not  be  imagined,  that,  when  bone 
is  once  deposited  in  a  certain  form,  it  thenceforward  permanendy 
maintains  its  size  and  shape.  Though  a  lamella  be  completely  ossi- 
fied, its  particles  are  in  constant  course  of  change,  during  which  the 
most  important  and  extensive  alterations  of  size  and  figure  take  place 
in  a  slow  and  gradual  manner.  Thus  the  layers  first  deposited  on 
the  inner  surface  of  the  early  cancelli  are  pushed  out  by  the  succeed- 
ing ones,  and  also  acquire  a  concomitant  augmentation  of  mass;  and 
as,  in  general  terms,  the  number  of  lacunae  in  bone  is  proportioned 
to  its  amount,  the  early  lavers  most  likely  increase  by  a  growth  and 
ossification  of  cells  in  their  own  substance,  even  for  long  after  they 
have  been  pushed  away  from  the  vascular  surface,  and  supplanted  by 
the  more  recent  ones.  Thus,  though  bone  grows  chiefly  by  layers 
formed  in  succession  on  its  vascular  surface,  yet  it  also  grows  in  aa 
interstitial  manner  after  being  originally  deposited.    It  is  in  thia  way 
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nly  that  we  can  explain  the  great  expansion  which  the  primary  inter- 
«llular  osseous  network  must  undergo,  to  form  that  which  intervenes 
between  the  Haversian  systems. 

Bone,  when  first  formed,  then,  is  disposed  as  an  expanded  surface, 
mriously  and  complexly  involuted,  and  which  soon  becomes  covered 
vith  vessels.  This  is  the  foundation  for  its  subsequent  vascularity. 
md  is  the  source  also  of  that  active  power  of  internal  growth,  which 
MS  been  long  a  theme  of  admiration  with  physiologists. 

Bat  the  expansion  of  bone  once  deposited  is  limited.  We  before 
observed  that  no  part  of  the  osseous  tissue  was  at  more  than  a  certain 
Bumte  distance  from  the  vascular  surface ;  and  that,  if  it  were  so, 
its  nutrition  could  not  be  suitably  carried  on.  Now,  if  more  than  a 
eeitun  number  of  lamins  of  new  bone  were  laid  down,  the  earlier 
Mies  would  be  pushed  too  far  from  the  supply  of  blood ;  and  hence 
tbe  limitation  we  have  spoken  of.  But  it  is  necessary  for  bone  to 
grow  much  more  between  the  commencement  of  ossification  and  the 
adult  age  than  this  limitation  appears  to  allow  of ;  and  here  we  come 
■pon  an  admirable  provision  to  meet  this  apparent  difficulty. 

In  the  fint  place,  a  most  important  process  of  growth  is  continu- 
ally going  on  in  the  cartilage^  especially  near  the  ossifying  surface, 
by  the  multiplication  of  the  cells;  and,  in  the  latter  situation,  by  the 
iserease  in  their  dimensions,  occasioning  that  separation  of  their 
nuclei,  already  described  (p.  119,  and  fig.  30,  3).  In  the  long  bones 
this  takes  place  chiefly  in  the  longitudinal  direction,  which  is  that  in 
which  growth  is  most  active ;  and  it  continues  till  adult  age.  This 
fiict  has  been  long  ascertained,  though  its  real  purpose  appears  to 
have  been  overlooked.  Hales  and  Hunter  both  inserted  metallic  sub- 
stances along  the  shaft  of  a  growing  bone,  in  a  young  animal,  at  a 
certain  distance  apart ;  and  found  after  an  interval  of  time,  that  the 
distance  between  them  remained  the  same,  or  nearly  so,  while  the 
extremities  of  the  bone  were  much  further  apart :  thus  proving  that 
the  principal  growth  had  taken  place  near  the  extremities. 

Secondly^  bones  increase  in  dimensions  by  an  accession  of  new 
•tseiNCf  substance  on  their  exterior ;  this  new  substance  consisting  not 
merely  of  new  laminae,  but  of  new  systems  of  laminae,  and  of  new 
involutions  of  the  vascular  surface  to  form  new  Haversian  canals,  so 
that  the  earlier  systems  of  laminae  are  covered  over  bv  the  more 
recent  ones.  This  has  been  best  proved  by  the  experiments  with 
madder. 

It  was  ascertained  accidentally  by  Belchier  that  the  rubia  tinc- 
toram,  or  madder,  mixed  with  the  food  of  pigs,  imparted  its  red 
cdoiir  to  their  bones ;  and  this  circumstance  has  been  ingeniously 
taken  advantage  of  by  several  physiologists  in  the  prosecution  of 
reseaiches  on  the  growth  of  bone.*    Duhamel,  Hunter,  and  many 

*  The  coloaring  of  bone  by  madder  results  from  an  affinity  of  the  colouring  prin- 
ciple Ibr  the  phosphate  of  lime.  This  opinion  was  distinctly  broached  by  Haller 
CBL  Phvs.  L  Tiii.  p.  8S9),  and  it  was  subseqaentJy  proved  by  Ratherford,  who  showed 
H  cxpenaientml]y.  To  an  infusion  of  madder  in  distilled  water  add  muriate  of  lime : 
no  mmfe  takes  place.  Then  add  phosphate  of  soda  in  solution.  By  double  elec- 
tive afloitj,  phosphate  of  hme  and  muriate  of  Koda  are  formed.  The  phosphate  is 
iafftli¥*i  ud  sabfides  in  union  with  the  colouring  matter  as  a  crimson  lake.  When 
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others,  have  performed  multiplied  experiments  of  this  kind.  In  the 
Museum  of  King's  College  are  some  good  preparations  of  bones  to 
acted  upon. 

It  is  found  that,  in  very  young  animals,  a  single  dij  suffices  to 
colour  the  entire  skeleton,  apparently  in  an  uniform  manner ;  in  these 
there  is  no  osseous  material  far  from  the  vascular  surface.  Bat,  if  we 
make  a  transverse  section  of  one  of  the  long  bones  so  treated,  we 
observe  the  deepest,  or  even  the  only  colour,  to  be  really  on  the  vascular 
surface ;  the  Haversian  canals  are  each  encircled  by  a  crimson  nog. 
This  beautiful  illustration  is  due,  as  far  as  we  know,  to  Mr.  Tomes, 
who  has  long  possessed  some  very  elegant  specimens  prepared  in  this 
way. 

In  full-grown  animals  the  bones  are  very  slowly  tinged,  because  , 
the  great  mass  of  the  bone  is  not  in  contact  with  blood-vessels ;  each 
Haversian  system,  for  example,  has  only  its  small  innermost  lameUa 
in  contact  with  them  ;  and,  besides,  the  osseous  matter  is  altogether 
more  consolidated  and  less  permeable  by  fluids  than  at  a  very  early 
period  of  life.  In  the  bones  of  half-grown  animals  a  part  of  the  bone 
is  nearly  in  the  perfect  condition,  while  a  part  is  new  and  easily 
coloured.  Hence,  it  is  easy  in  them  to  distinguish  the  new  from  the 
old  by  means  of  madder. 

Now,  madder  ^ven  to  half-grown  animals  colours  the  long  bones 
most  deeply  in  the  interval  between  the  shaft  and  extremities,  and 
on  the  surface  of  the  shaft.  When  madder  is  given  at  intervals,  the 
tints  in  the  bone  are  interrupted  ;  the  layers  in  course  of  formation 
during  its  administration  are  coloured,  while  those  formed  during  the 
intervening  periods  are  colourless.  The  long  period  during  which 
bones  retain  the  madder  tinge,  shows  that  the  colouring  matter  is  not 
readily  resumed  by  the  blood,  from  its  combination  with  the  phosphate 
of  lime ;  and  it  seems  also  to  indicate  a  sluggishness  of  the  nutrient 
process  in  bone. 

Perhaps  few  questions  have  more  divided  the  minds  of  physiolo- 
gists than  that  regarding  the  share  taken  by  the  periosteum  in  the 
growth  and  regeneration  of  bone ;  for  these  last  are  essentially  the 
same  process.  We  now  see  that  bone  does  not  grow  on  its  exterior 
because  the  periosteum  is  there ;  and  that  the  only  part  this  membrane 
takes  in  the  deposit  of  new  bone  is  by  the  vascular  network  mingled 
with  its  fibrous  tissue,  and  which  does  not  differ  from  that  on  other 
portions  of  the  osseous  surface. 

The  limited  expansibility  of  the  bone  already  formed  is  the  remote 
cause  to  which  the  growth  by  new  deposit  on  the  exterior  is  to  be 
referred  ;  and,  in  this  respect,  the  superficial  growth  is  strictly  analo- 
gous to  the  exogenous  mode  of  growth  in  vegetable  structures. 

A  third  mode  in  which  increase  of  size  is  provided  for,  appears 
to  be  by  the  dilatation  of  the  primary  cancelli  and  Haversian  canals 
in  the  central  parts  of  the  bone.     In  early  life  the  cancelli  are  small, 

madder  is  given  as  food,  its  colouring  principle  is  absorbed,  and  circnlates  with  the 
blood;  and  it  colours  first  that  part  of  the  bone  which  is  in  coarse  of  formation 
from  that  fluid,  or  which  has  been  last  formed,  t.  e,  which  is  nearest  the  vascalar 
surface. 
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and  there  is  no  medQilary  cavity.  Gradaally  the  cancelli  enlarge, 
and  those  "within  the  shaft  blend  more  and  more  with  one  another,  by 
the  removal  to  a  greater  or  less  extent  of  the  intervening  osseous 
walls,  antil  at  length  a  medullary  canal  is  formed,  around  which  the 
cancelli  are  very  open,  large  and  irregular.  This  augmentation  of 
the  vascular  cavities  of  bone  is  attended  with  a  development  of  adi- 
pose vesicles  and  their  capillaries  in  the  new  space,  while  the  proper 
vessels  of  the  osseous  tissue  remain  pretty  much  as  before.  The  fat 
contained  in  the  medullaiy  canal  gradually  accumulates  so  much,  that 
a  special  artery  becomes  enlarged  to  supply  it,  assuming  the  very 
inappropriate  title  of  "/Ae  nutrient  artery  of  the  bone.^^  Duhamel 
placed  a  ring  of  silver  round  a  bone  of  a  young  pigeon,  without  in- 
juring the  periosteum.  After  some  time,  during  which  the  bone  had 
increased  in  diameter, he  found  the  ring  in  the  medullary  canal,  which 
bad  acquired  a  capacity  equal  to  the  previous  diameter  of  the  whole 
shaft. 

This  enlargement  of  the  diameter  of  a  long  bone  by  the  dilatation 
of  its  interior,  is  attended  by  two  consequences,  equally  important. 
The  shell  of  compact  tissue  is  thus  adapted  to  offer  greater  resistance 
to  injurious  mechanical  forces,  while  the  disadvantage  of  a  corre- 
sponding increase  of  weight  is  obviated. 

Reparaiian  of  Bone, — The  great  importance  of  this  subject  to  the 
sureeon  has  led  to  many  very  interesting  researches  from  the  time  of 
Duhamel  to  the  present  day,  and  by  these  the  several  steps  of  the 
process  by  which  new  bone  is  deposited  have  been  ably  elucidated  in 
all  that  relates  to  their  more  obvious  characters.  When  a  fracture 
occurs,  blood  is,  of  course,  eflused  into  the  wound,  both  from  the 
ruptured  vessels  of  the  bone  itself,  and  from  those  of  the  surrounding 
structures  participating  in  the  injury.  At  a  short  period  subsequently, 
a  semi-transparent  lymph  is  found  mingled  with  the  coagulum,  and 
covering  the  surfaces  of  the  hard  and  soft  parts  exposed.  This 
lymph  in  all  probability  is  the  same  as  that  by  which  the  adhesive 
process  in  other  wounds  is  efiected.  In  the  second  and  third  weeks 
a  gradual  condensation  of  this  takes  place,  accompanied  with  an  in- 
terstitial change,  converting  it  into  a  substance  resembling  temporary 
cartilage. 

Ossification  takes  place  throughout  this  in  a  nearly  uniform  manner, 
until  towards  the  fourth  or  sixth  week,  the  whole  is  transformed  into 
a  spongy,  but  firm  osseous  mass,  investing  the  exterior  of  the  broken 
extremities,  and  extending  between  them  in  the  form  of  a  case,  by 
which  they  are  firmly  held  together.  If  the  medullary  canal  has  been 
broken  across,  and  the  broken  ends  evenly  adjusted,  there  will  be 
likewise  an  interior  stem  of  new  bone  connecting  the  medullary  canal 
of  the  fragments  in  the  axis  of  the  bone  ;  the  opposed  surfaces  of  the 
compact  tissue  being  as  yet  ununited.  The  callus,  or  new  bone,  thus 
formed,  was  termed  by  Dupuytren  provisionalj  as  it  is  gradually  ab- 
sorbed during  the  succeeding  months,  while  the  permanent  callus  is 
being  slowly  deposited  between  the  contiguous  surfaces  of  the  com- 
pact tissue.  It  would  appear  that  new  bone  is  formed  more  exube- 
rantly in  the  situations  of  the  provisional  callus  because  of  their  greater 
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vascularity ;  just  as  ure  may  suppose  the  function  of  ordinary  natrition 
to  be  more  active  in  those  parts,  than  in  the  compact  tissue  of  the 
bone.     The  permanent  callus  has  all  the  characters  of  true  bone. 

When  the  reparative  process  in  bone  is  interfered  with,  either  by 
mal-apposition  of  the  fragments,  or  by  constitutional  fault,  a  spuiioiii 
union  may  occur  by  the  medium  of  a  ligamentous  substance,  or  even 
a  diarthrodial  joint  may  be  formed  at  the  seat  of  fracture.  The  ends 
of  the  bones  become  altered  in  form,  and  adapted  to  one  another;  t 
kind  of  false  capsular  ligament  is  developed,  and  sometimei  evea 
an  imperfect  cartilage,  and  a  lining  membrane  furnishing  a  lubricating 
fluid. 

The  following  works  may  be  consulted  on  Bone :— The  systems  of  General  Ana- 
tomy already  qaoted  (p.  96);  Meckel,  Anat.  G^n^rale  Descript  et  Patholofn  IoolL; 
Dr.  Bastock  8  Physiology,  where  will  be  found  an  excellent  and  learned  sammaiTof 
the  observations  of  precedins?  physiologists  on  the  stmctare  and  growth  of  boBe;llr. 
Paget's  paper  on  the  inflaence  of  Madder  on  the  Bones  of  growing  Animals,  Load. 
Med.  Gazette,  vol.  zzv;  Deutsch,  de  penitiori  Ossiam  stractarft  obsenrationes:  1834: 
Miescher.de  inflammatione  Ossiam  eoramqne  anatome  generali;  1886 :  MQllers  Phy- 
siology by  Baiy,  vol.  i.  M.  Flourens  has  lately  published  a  handsome  Tolome  on  tie 
growth  of  bone,  illustrated  with  figures. 


CHAPTER  VI. 

SYNOVIAL  MEMBRANES. — SEROUS  MEMBRANES. — VARIETIES  OFJOOTTa.-- 

MECHANISM  OF  THE  SKELETON. 

The  different  forms  of  bones,  when  united  according  to  varioas 
mechanical  contrivances,  constitute  the  skeleton.  The  framework 
of  the  body,  being  thus  formed  of  several  pieces  jointed  together,  in 
admirably  arranged  for  extended,  or  for  minute  and  nicely  adjusted 
motions,  and  for  distributing  concussions  over  a  large  surface.  The 
interposition  of  discs,  or  laminae,  of  elastic  cartilage,  or  fibro-carti- 
lage,  between  some  bones,  contributes  to  the  latter  object,  by  inter- 
rupting the  medium  through  which  the  shock  would  be  conducted, 
as  well  as  by  the  elasticity  of  the  intervening  substances ;  and,  at 
the  same  time,  these  discs,  by  their  intimate  adhesion  to  the  opposed 
osseous  surfaces,  serve  as  powerful  bonds  of  union  between  them. 
Joints  of  this  kind  (synarthrodial)  enjoy  a  very  limited  degree  of 
motion,  which  is  entirely  due  to  the  yielding  and  elastic  nature  of 
the  interposed  material.  When  a  greater  range  of  motion  is  re- 
quired than  can  be  obtained  in  this  way,  the  surfaces  of  the  osseous 
segments  are  constructed  so  as  to  glide  the  one  upon  the  other  in 
certain  directions,  which  are  determined  by  the  form  of  the  articular 
surfaces,  and  by  the  positions  at  which  the  connecting  ligaments  are 
placed.  Here  the  bond  of  union  consists  of  the  ligaments  and  the 
surrounding  muscles ;  the  osseous  segments  are  not,  as  in  the  former 
instance,  continuous  with  each  other  through  the  interposed  texture, 
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bat  are  separated  by  a  space  which  is  called  the  cavity  of  the  joint. 
ESach  osseous  surface  is  encrusted  by  a  layer  of  articular  cartilage 
adapted  to  its  form,  and  the  cavity  of  the  joint  is  lined  by  a  delicate 
membrane  which,  secretes  a  peculiar  viscid  matter,  synovia^  admi- 
rably suited  to  lubricate  the  surface.  This  membrane  is  termed 
sgmamal,  and  is  constantly  present  in  the  diarthrodial  joints. 

The  articular  synovial  membrane  forms  a  closed  bag,  placed  be* 
tween  the  articular  surfaces  of  the  bones.  Its  free  surface  is  smooth 
and  moist ;  its  attached  surface  adheres  by  very  fine  areolar  tissue  to 
the  Moments  of  the  joint,  and  to  the  cartilages  encrusting  the  ex- 
tremities of  the  bones.  From  the  ligaments  it  may  be  readily  detached, 
and  traced  to  the  edee  of  the  cartilage ;  to  this  it  is  very  intimately 
adherent  for  some  little  distance,  beyond  which  it  cannot  be  followed 
where  the  cartilage  has  been  exposed  to  pressure  during  the  motions 
of  the  joint.  In  the  foetus  it  is  continued  over  the  whole  cartilage 
(p.  97). 

Id  some  of  the  more  complex  joints  the  synovial  membrane  forms 
folds,  which  project  more  or  less  into  the  articular  cavities,  and  contain 
fat,  which  Clopton  Havers  and  other  anatomists  erroneously  imagined 
to  perform  a  glandular  office,  and  to  secrete  the  synovia.  The  knee 
affords  some  remarkable  examples  of  these  folds,  in  what  are  known 
as  the  alar  ligaments. 

A  great  number  of  blood-vessels  are  distributed  in  the  areolar 
tissue  upon  the  attached  surface  of  the  synovial  membrane.  In  in- 
flammation, the  membrane  acquires  a  red  hue  by  the  repletion  of 
these  vessels,  and  in  a  minute  injection  also  it  becomes  coloured. 
excepting  in  very  rare  cases,  the  vessels  cannot  be  traced  beyond 
the  edge  of  the  cartilage,  where  they  form  a  series  of  loops.  (See 
p.  99— 100). 

BurtiB.^^A  very  simple  form  of  synovial  membrane  is  employed 
to  facilitate  the  gliding  of  a  tendon,  or  of  the  integument,  over  an 
osKous  projection.  It  consists  of  a  bag,  generally  closed  at  every 
point,  connected  by  areolar  tissue  with  the  neighbouring  parts,  and 
secreting  into  its  interior  a  fluid,  which  lubricates  its  free  surface. 
Sometimes,  when  one  of  these  bursae  exists  in  the  neighbourhood  of 
a  larfl;e  joint,  it  communicates  freely  with  the  cavity  of  its  synovial 
memorane,  as  in  the  bursa  behind  the  rectus  femoris  above  the  knee- 
joint,  and  that  near  the  hip-joint  behind  the  tendon  of  the  psoas  and 
iliacus  muscles.  These  synovial  sacs  are  found  in  great  numbers 
duoughout  the  body :  some  are  superficial,  or  subcutaneous^  such  as 
that  between  the  skin  and  the  patella,  or  that  over  the  great  trochan- 
ter of  the  femur,  or  that  over  the  olecranon  :  the  deep-seated  burs«, 
however,  constitute  the  largest  proportion  of  them ;  these  are  almost 
always  connected  with  tendons,  and  interposed  between  them  and  the 
bones  over  which  they  play.  On  opening  a  bursa,  we  often  find  its 
cavity  traversed  by  bands  which  are  either  congenital  and  approaching 
to  the  cellular  or  areolar  disposition,  or,  as  seems  not  unlikely,  of  the 
jiature  of  adhesions,  and  consequently  a  morbid  production  tending 
to  the  obliteration  of  its  cavity. 

Synovial  sheaths. — These  are  synovial  bags  prolonged  into  the 
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form  of  sheaths,  and  surrounding  long  tendons,  such  as  those  of  the 
flexor  or  extensor  muscles  of  the  fingers  and  toes,  as  they  lie  in  their 
osseo-fibrous  sheaths  in  the  hand  or  foot.  One  layer  of  the  synoTial 
sheath  adheres  to  the  wall  of  the  osseo-fibrous  canal ;  the  other,  to  the 
contained  tendon ;  and,  the  free  surface  being  lubricated  by  synom, 
the  tendon  plays  freely  within  the  canal.  In  deep-seated  whitlow, 
when  the  inflammation  extends  to  one  of  these  synovial  sheaths,  and 
gives  rise  to  the  formation  of  adhesions  within  its  cavity,  the  motion 
of  the  tendon  within  is  completely  destroyed,  and  a  stiff  finger  is  the 
result.  Similar  sheaths  on  a  larger  scale  envelop  the  tendons  which 
pass  beneath  the  annular  ligaments  of  the  wrist  and  ankle. 

Synovia. — The  synovial  membranes,  in  health,  contain  only  sufli- 
cient  fluid  to  keep  their  free  surfaces  moist.  It  is,  therefore,  diffi- 
cult to  collect  the  synovia  in  sufficient  ciuantity  for  examination. 
It  is  a  transparent,  yellowish-white  fluid,  viscid  like  the  white  of  an 
egg,  whence  its  name  (ovy,  cum ;  uoy,  ovum).  Lassaigne  and  Boissel, 
who  have  published  an  analysis  of  human  synovia,  state  that  it  does 
not  coagulate  spontaneously ;  that  it  is  an  alkaline  fluid,  containing 
albumen  and  salts,  such  as  are  found  in  the  serum  of  the  blood:  and 
M.  L'Heritier  has  lately  analyzed  two  specimens  of  this  fluid,  and 
completely  confirmed  the  statement  of  those  chemists.* 

It  is  plain,  from  the  description  above  given,  that  synovial  mem- 
branes contribute  to  the  locomotive  function  by  lubricating  the  articu- 
lar surfaces,  so  that  they  may  glide  smoothly  on  one  another  with  the 
least  possible  friction,  and  also  by  facilitating  the  play  of  some  tendons 
over  prominent  surfaces,  and  of  others  within  sheaths. 

Serous  membranes, — The  movements  of  the  viscera  within  the 
great  cavities  of  the  trunk  are  provided  for  by  an  arrangement  similar 
to  that  described  in  the  joints.  Between  the  wall  of  the  cavity  and 
the  surface  of  the  contained  viscus  (the  thorax  and  the  lungs,  for 
example,)  a  closed  sac  is  placed,  one  layer  of  which  is  pariekuj  and 
the  other  visceral.  These  are  respectively  attached  to  the  wall  of  the 
cavity  and  to  the  surface  of  the  viscus  by  fine  areolar  tissue  ;  and  their 
continuity  is  shown  at  certain  reflections,  where  the  one  passes  into 
the  other.  The  free  surface,  as  in  the  synovial  membranes,  is  con- 
tinually moistened  by  the  proper  secretion,  which,  containing  a  larger 
proportion  of  water  than  synovia  does,  resembles  serum  of  blood. 
The  serous  membranes  are,  the  arachnoid,  in  the  head  and  spine;  the 
pleura  and  pericardium,  in  the  thorax ;  the  pericardium,  in  the  abdo- 
men ;  and  the  tunica  vaginalis  testis,  in  the  scrotum.  These  are  all 
closed  at  every  point ;  so  that  their  secretion,  if  morbidly  increased, 
is  retained  within  the  cavity,  and  can  only  be  removed  by  absorption, 
or  by  an  opening  through  the  membrane.  In  the  healthy  state,  the 
surfaces  are  only  moistened ;  and,  when  more  fluid  exists,  it  is  the 
product  of  disease,  or  of  post-mortem  change.  If  the  surfaces  he 
dry,  or  a  viscid  adherent  matter  be  eflused  upon  them,  the  move- 
ments of  the  contained  organ  become  impeded,  and  are  accompanied 
by  a  peculiar  sound  of  friction,  and  a  vibration  sensible  to  the  hand; 

*  BerzeliuSy  Chemie  Organ,  t.  ?ii. 
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both  of  wfaich  are  well  IcDown  to  pbysicians  in  the  pericardium, 
pleura,  and  peritoDeum,  and  may  frequeDtljr  be  noticed  by  the  patients 
themselTes. 

The  peritoneum  of  the  female  affords  a  remarkable  exception  to 
the  closed  character  of  serous  sacs.  At  two  points  this  membrane  is 
open,  where  it  communicates  with  the  canal  of  each  Fallopian  tube 
at  its  dilated  extremity. 

The  blood-vessels  of  serous  membranes  are  distributed  in  con- 
siderable numbers  in  the  areolar  tissue  which  is  connected  with  their 
attached  surface.  We  infer  that  nerves  exist  freely  in  the  same 
tissue,  from  the  intense  pain  which  accompanies  inflammation  of  these 
membranes.  There  is  f^ood  reason  to  believe  that  lymphatics  also  are 
freely  distribated  in  their  areolar  tissue. 

The  seroDS  membranes  connect  the  viscera  contained  in  the  cavities 
to  which  they  respectively  belong,  by  the  folds  they  form  as  they  pass 
from  each  viscus  to  the  wall  of  the  cavity.  As  the  viscera  in  the 
abdomen  are  so  many,  and  the  folds  proportionately  numerous,  the 
peritooeum  is  more  complicated  in  its  disposition  than  any  other 
serous  membrane;  and  it  is  part  of  the  study  of  the  descriptive  ana- 
tomist to  show,  that  the  remarkable  complication  of  folds  which  this 
membrane  exhibits  is  not  inconsistent  with  its  adherence  to  (he  chief 
morphological  character  of  serous  membranes. 

MicroKopic  characUra  of  synovial  and  serous  membranes. — These 
membranes  appear  to  be  essentially  alike  in  their  minute  structure. 
On  Ibeir  free  surface  is  a  single  layer  of 
t^thdxum,  the  particles  of  which  are  poly- 
gonal in  shape,  and  of  transparent  texture. 
A  small  fragment  of  this  pavement,  from 
the  peritoneum  of  the  rabbit,  is  represented 
in  fig.  34.  This  was  discovered  by  Henle. 
We  have  found  this  epithelium  to  rest 
immediately  on  a  continuous  transparent 
tofcmeiU  menibrcme  of  excessive  tenuity, 
apparently  identical  with  that  which  sup- 

Krta  tbe  epitheliam  of  mucous  membranes. 
neath  this  is  a  lamina,  of  oreoiar  tissue, 
which  constitutes  the  chief  thickness  of  the 
membrane,  and  confers  on  it  its  strength 
ind  elasticity.  This  areolar  tissue  is  tra- 
versed by  a  network  of  capillary  vessels, 
the  meshes  of  which   are  laree  and   of   ■ „    _         _ 

.  ,       >  I    I        r         I     .■  >>ie  Ibieknal*  or  lu  pulirlci.  Mid  of 

rather  nnequal   size,  and  by  lymphatics    ibric micLei.  t.oiKorniEoviinDciei. 

anu  nervoos  filaments  in  varying  number.    ei««.-Miim£«i aw diammtt 

It  is  of  close  texture,  and  continuous  with 

Ibat  laxer  variety  by  which  the  membrane  is  attached  to  the  parts  it 

lines. 

Tbe  most  fkvourable  position  for  examining  the  areolar  tissue  of 
teroos  membrane,  is  the  transparent  part  of  the  mesentery,  or  of  any 
of  tbe  duplicatures  of  tbe  peritoneum  in  small  animals. 

Here  we  observe  the  yellow  fibrous  element  assuming  a  very  beau- 
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tifal  arrangement  (fig.  35].    Its  filaments  interlace  and  inoiculite    ' 

chiefly  in  a  plane  beneath  the  basement  membrane,  in  such  a  ninan 

aa  to  confer  equal  elasticity  in  erer;  direction.     The  intermediate 

space  is  occupied  b^  tbe  white 

Fig.3B.  fibrous    element,    diiqpoaed  u 

wary  bands,  variously  intenect 

ine,  and  which  become  itnight 

only  when  the  elastic  threads  aie 

stretched. 

Physical  and  vital  propertiu. 
— These  are  precisely  thoie  of 
areolar  tissue :  tbe  elastiei^  of 
the  serous  membranes  is  Ten 
con»derabIe,  owing  to  tbe  ad* 
mixture  of  the  yellow  fibrooi 
element  in  the  layer  which  fbmi. 
the  chief  substance  of  the  nwia- 
brane.  These  tissues  are  ea- 
tirely  devoid  of  vital  contiadf 
ility  and  their  aennbility  is  low, 

VallinrtbnuclfRientaf  dieanolvtiHBr  afH-    eXCept    in    &    State    of  BCUtC  lit- 

Ton* iiiembT»Be.    From  ib«  nMientrrr  of  Ihe  lUbbit    a __4: 

inucdwiib  waliBKid— MignifiidaXliliuuun.       dammation. 

These  membnines  exhibit,  in 
their  inflamed  state,  a  remarkable  tendency  to  throw  out  lymph  on 
their  interior,  so  as  to  cause  adhesion  of  their  opposed  surftccs. 
Hence  e  frequent  result  of  inflammation  of  a  serous  membrane  is  ill* 
obliteration,  to  a  greater  or  less  extent,  of  its  cavity.  Synovial  men- 
branes  are  not  so  prone  to  the  adhesive  inflammation  as  the  Beron) 
ire,  which  seems  more  to  be  accounted  for  by  the  nature  of  their 
secretion,  than  by  any  difference  of  their  structure.  The  proneneaictf 
these  membranes  to  the  effusion  of  coagulable  lymph  seems  to  be  due 
to  tbe  extreme  tenuity  of  the  layer  of  epithelium  which  separates  the 
nutrient  blood-vessels  from  the  cavity  of  the  serous  membrane.  The 
lymph  effused  becomes  gradually  converted  into  areolar  tissue  mi 
vessels  usually  constituting  what  are  termed  adhesions,  but  some- 
times forming  merely  a  thickened  condition  of  the  membrane. 

Of  the  joinlt. — A  joint,  or  articulation,  may  be  defined  to  be  tht 
union  of  any  two  segments  of  an  animal  body,  through  the  intervea- 
tion  of  a  structure  or  structures  difierent  from  both. 

The  most  perfect  and  elaborate  forms  of  the  articulations  are  those 
which  are  seen  in  animals  that  possess  a  fully  developed  intemit 
skeleton,  and  in  none  may  they  be  studied  with  more  advantage  than 
in  man.  In  tbe  human  subject,  and  in  the  vertebrated  animals  gene- 
rally, we  have  indeed,  particular  occasion  to  admire  the  articulations 
as  "  mirabiles  commissuras,  et  ad  stabilitatem  aptas  et  ad  arlus  fini* 
endos  accommodatas,  et  ad  motum,  et  ad  omnem  corporis  actionem." 

The  textures  which  form  the  joints,  are  bone,  cartilage,  fibro-carti- 
lage,  ligaments,  synovial  membrane.  Bone  constitutes  the  funda- 
mental part  of  all  joints;  ligament  variously  modified  is  employed  in 
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all  as  a  bond  of  union  ;  but  the  three  remaining  textures  are  present 
chiefly  in  those  joints  which  enjoy  a  free  glidine  motion. 

In  addition  to  the  structures  already  named  as  entering  intrin- 
sically into  the  formation  of  joints,  we  find  that  the  tendons  and  mus- 
cles, which  lie  in  the  immediate  vicinity  of  or  which  surround  the 
jointSy  contribute  much  to  their  strength  and  security.  In  joints  of 
the  hinge  kind  we  generally  see  the  antwor  and  posterior  parts  pro- 
tected more  or  less  by  the  tendons  of  muscles,  and  even  by  muscles 
themselves  passing  from  one  segment  of  a  limb  to  another ;  and  here 
it  frequently  happens  that  the  tendon  is  bound  down  on  the  bones 
which  form  the  member,  by  a  fibrous  expansion  of  great  strength, 
fined  by  a  synovial  membrane  of  the  same  characters  as  the  articular, 
bat  adapted  in  its  form  to  the  osseo-fibrous  canal  in  which  the  tendon 
is  placed,  e.  g.,  the  tendons  of  the  fingers.  The  protection  and 
alfength  afibrded  by  muscles  is  particularly  evinced  in  the  case  of  the 
dioalder-Joint,  where  the  capsular  ligament  is  closely  embraced  by 
Ibar  muscles,  whose  tendons  become  identified  with  the  fibrous  cap- 
sule as  they  m  to  be  inserted  into  the  bone.  A  muscular  capsule  is 
thus  provided  for  the  joint,  by  which  the  bones  are  maintained  much 
more  firmly  and  powerfully  in  apposition  than  they  would  be  if  kept 
together  by  an  uncontractile  ligamentous  capsule  alone ;  hence  the 
elongation  of*  the  arm  that  occurs  as  a  consequence  of  paralysis,  and 
hence  also  the  greater  liability  to  luxation  which  exists  in  a  debili- 
tated state  of  the  system.  Articular  or  capsular  muscles,  thus  placed, 
have  also  the  effect,  as  it  is  said,  of  preventing  the  pinching  of  the 
capsule  or  synovial  membrane  between  the  articular  extremities  of 
the  bones  in  the  different  motions  of  the  joint. 

Atmospheric  pressure,  exerting  as  it  does  a  force  of  nearly  fifteen 
pounds  on  the  square  inch,  is  a  powerful  agent  in  maintaining  the 
contact  of  articular  surfaces.  This  is  well  illustrated  by  the  diffi- 
culty of  separating  the  surfaces  composing  the  hip  and  shoulder 
joints,  when  the  surrounding  ligaments  are  air-tight ;  while,  on  the 
other  hand,  these  surfaces  may  be  separated  by  the  mere  weight  of 
either  bone,  if  one  of  these  joints  be  suspended  in  the  exhausted 
receiver  of  an  air-pump.  In  exhibiting  this  experiment,  we  find 
the  shoulder  joint  shows  the  effects  of  atmospheric  pressure  more 
strikingly  than  the  hip,  for  its  capsule  being  loose,  and  the  osseous 
cavity  for  the  reception  of  the  head  of  the  humerus  small,  the  pres- 
sure of  the  atmosphere  pushes  in  the  capsule  so  that  it  fits  closely 
to  the  head  of  the  bone.  When  this  pressure  has  been  removed  by 
exhausting  the  receiver,  the  head  of  the  humerus  falls  rapidly  from 
the  socket,  and  the  ligament  becomes  stretched  by  the  weight  of  the 
bone. 

The  joints  are  supplied  copiously  with  blood,  and  are  remark- 
able for  the  arterial  anastomoses  which  take  place  about  them.  The 
best  examples  of  these  inosculations  are  met  with  around  the  large 
joints  of  the  extremities.     The  parts  supplied  with  blood  are  the 

Snovial  membranes,  the  ligaments,  the  fat,  and  the  extremities  of 
e  bones ;  but  the  cartilages  certainly  do  not  contain  blood-vessels. 
Of  the  forms  and  classification  of  the  joints. — It  is  not  difficult, 
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by  passing  in  review  the  various  motions  which  take  place  between 
any  two  segments  of  a  limb,  to  form  an  idea,  &  priori^  as  to  the 
kinds  and  shapes  of  the  articulations  by  which  the  seements  will 
be  united  ;  it  is  only  necessary  not  to  lose  sight  of  the  ract,  that  in 
the  construction  of  a  joint  regard  is  had  not  to  its  mobility  alone, 
but  to  its  security,  its  durability,  and  the  safety  of  the  neighbouring 
parts.  We  may  expect  to  find  joints  varying  in  the  degree  of  motion, 
from  the  slightest  perceptible,  to  the  freest  that  is  compatible  with 
the  maintenance  of  the  segments  in  their  proper  relation  with  each 
other ;  and  also  in  extent  of  motion,  from  that  which  is  so  slight  as 
to  admit  of  almost  no  appreciable  change  in  the  position  of  the  parti, 
to  that  which  allows  of  the  most  ample  variety  of  movement  between 
the  segments,  consistent  with  the  integrity  of  the  articulation. 

It  will  appear,  then,  that  the  most  simple  kind  of  articulation  is 
that  by  which  two  parts  are  so  united  as  that  only  the  slightest  ap- 
preciable degree  of  motion  shall  exist  between  them.  Tliis  consti- 
tutes  the  first  great  division  of  joints — the  Synarthrosis^  where  the 
parts  are  continuous,  t.  «.,  not  separated  from  each  other  by  an  inte^ 
yening  synovial  cavity.  Some  anatomists  consider  all  synarthrodiil 
joints  to  be  immovable ;  which,  although  not  far  from  the  truth,  cannot 
be  said  to  be  strictly  accurate.  Had  immobility  been  the  object  to 
be  attained,  that  might  have  been  more  effectually  accomplished 
by  the  fusion  of  the  extremities  of  the  segments  together,  as  in  anchy- 
losis. 

In  the  second  class  of  joints,  motion  is  enjoyed  freely  and  fullj: 
this  class  is  designated  by  the  term  Diarthrosis :  the  segments  are 
interrupted  completely  in  their  continuity :  the  extremities  of  the  bones 
can  only  be  said  to  be  contiguous. 

Synarthrosis. — The  general  characters  of  the  articulations  belong- 
ing to  this  class  are,  1,  that  they  are  very  limited  in  their  motion, 
insomuch  as  to  be  considered  by  some  as  immovable ;  2,  that  their 
surfaces  are  continuous,  t.  e.,  without  the  intervention  of  a  synovial 
cavit}',  but  with  that  of  some  structure  different  from  bone.  The 
following  varieties  may  be  noticed  among  synarthrodial  articulations. 

a.  Suture, — When  the  margins  of  two  bones  exhibit  a  series  of 
processes  and  indentations  (dovetailing)  which  are  received  and 
receive  reciprocally,  with  a  very  thin  cartilaginous  lamina  interposed, 
this  is  the  ordinary  kind  of  suture,  sutura  vera^  of  which  three  kinds 
are  distinguished  :  sutura  dentata^  where  the  processes  are  long  and 
dentiform,  as  in  the  interparietal  suture  of  the  human  skull ;  sutura 
serratCj  when  the  indentations  and  processes  are  small  and  fine  like 
the  teeth  of  a  saw,  as  in  the  suture  between  the  two  portions  of  the 
frontal  bone ;  sutura  limhosa^  when  there  is  along  with  the  dentated 
margins  a  degree  of  beveling  of  one,  so  that  one  bone  rests  on  the 
other,  as  in  the  occipito-parietal  suture. 

When  the  two  bones  are  in  juxtaposition  by  plane  but  rough 
surfaces,  the  articulation  is  likewise  said  to  be  by  suture,  and  this  is 
the  false  suture,  sutura  notha^  of  which  there  are  two  kinds ;  sutura 
squamosa^  where  the  beveled  edge  of  one  bone  overlaps  and  rests 
upon  the  other,  as  in  the  temporo-parietal  suture,  and  hamumia 
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[m^j  adapto)j  where  there  is  simple  apposition:  this  last  kind  of 
articulation  is  met  with,  as  Bichat  observes,  wherever  the  mecha- 
nism of  the  parts  is  alone  sufficient  to  maintain  them  in  their  proper 
litaation,  as  may  be  seen  in  the  union  of  most  of  the  bones  of  the 
bee. 

The  sutures  have  a  considerable  tendency  to  become  obliterated  by 
age,  the  intervening  cartilage  becoming  ossified ;  it  rarely  happens 
that  the  sutures  are  all  manifest  in  a  human  skull  past  fifty  years  of 
age,  and  sometimes  the  obliteration  takes  place  at  a  much  earlier 
period.  The  frontal  suture  is  by  no  means  permanent ;  it  is  not  often 
fouad  at  puberty.  In  birds  and  fishes  this  tendency  to  the  obliteration 
of  the  sutures  is  particularly  manifest. 

b.  Schindylem- {ox^r^vikfifshiy  JUsio ;  ox^*»t  diffindo), — This  form  of 
articulation  is  where  a  thin  plate  of  bone  is  received  into  a  space  or 
cleft  formed  by  the  separation  of  two  laminae  of  another,  as  is  seen 
in  the  insertion  of  the  azygos  process  of  the  sphenoid  bone  into  the 
fissure  on  the  superior  margin  of  the  vomer ;  and  in  the  articulation 
of  the  lachrymal  bone  with  the  ascending  process  of  the  superior 
maxillary. 

c.  Gamphosis  (yoit^f^  clavus.  Clavatioj  conclavatio).  When  a 
bone  is  inserted  into  a  cavity  in  another,  as  a  nail  is  driven  into  a 
board,  or  as  a  tree  is  inserted  into  the  earth  by  its  roots,  the  articula- 
tion is  by  gomphosis.  The  only  example  we  have  of  it  in  the  human 
subject  or  in  quadrupeds  is  in  the  insertion  of  the  teeth  into  the 
alveoli. 

d.  JimpMarthrosis. — This  is  a  form  of  articulation  where  two  plane, 
or  mutually  adapted  surfaces  are  held  together  by  a  cartilaginous  or 
fibro-cartilaginous  lamina  of  considerable  thickness,  as  well  as  by 
external  ligaments.  In  virtue  of  the  elasticity  of  the  interposed  car- 
tilaginous or  fibro-cartilaginous  lamina,  the  amphiarthrosis  possesses 
a  manifest,  although  certainly  a  very  limited  degree  of  motion,  and 
hence  most  systematic  writers  class  it  with  the  diarthrodial  articu- 
lations. But  it  appears  much  more  consistent  to  place  it  among  the 
synarthrodia!  joints,  for,  1,  its  anatomical  characters  agree  precisely 
with  those  of  synarthrosis ;  2,  the  surfaces  in  amphiarthrosis  being 
continuous,  it  would  make  an  exception  in  diarthrosis  were  we  to 
place  it  there ;  and,  3,  its  degree  of  motion  is  greater  than  that  of 
suture,  only  because  of  the  greater  development  of  the  interosseous 
substance. 

The  examples  of  this  form  of  joint  in  the  human  body  are  the 
articulation  between  the  bodies  of  the  vertebrae,  that  between  the  two 
ossa  pubis  at  what  is  called  the  symphysis,  and  that  between  the  ilium 
and  sacrum.  Like  the  sutures,  the  amphiarthroses  are  liable  to  be- 
come obliterated  in  old  age,  by  the  ossification  of  the  interosseous 
lamina.  This  is  not  uncommon  in  the  interpubic,  and  occurs  now 
and  then  in  the  intervertebral  and  sacro-iliac  joints. 

DiarthroM. — Mobility  is  the  distinguishing  characteristic  of  this 
class  of  joints;  the  articular  surfaces  are  contiguous^  each  covered  by 
a  lamina  of  cartilage  {diarthrodial  cartilage)^  having  a  synovial  sac 
interposed,  and  in  some  cases  two,  separated  by  a  meniscus.     The 
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integrity  of  the  articulation  is  maintained  bj  li^ments  which  pan 
from  one  bone  to  the  other.  Their  mechanism  is  much  more  com- 
plicated than  that  of  synarthrodia!  joints,  being  intended  not  only  for 
security,  but  also  to  give  a  certain  direction  to  Uie  motions  of  which 
they  are  the  centre. 

Before  proceeding  to  the  enumeration  of  the  varieties  of  joints  that 
come  under  this  head,  it  will  not  be  amiss  to  describe  briefly  the 
various  motions  which  may  take  place  between  any  two  segments  of 
a  limb,  and  which  it  is  the  object  of  these  joints  to  admit  of.  It  ii 
obvious  that  the  most  simple  kind  of  motion  which  can  exist  between 
two  plane  or  contiguous  surfaces,  is  that  o( gliding:  one  surface  glides 
over  the  other,  limited  by  the  ligaments  which  extend  between  the 
bones.  This  motion,  however,  is  not  confined  to  plane  sur&ces;  it 
may  exist  evidently  between  contiguous  surfaces,  whatever  their  fonn. 
When  two  segments  of  a  limb,  placed  in  a  direct  line,  or  nearly  so, 
can  be  brought  to  form  an  angle  with  each  other,  the  motion  is  that 
of  Jlexianj  the  restoration  to  the  direct  line  is  exUnsicm.  These  two 
motions  belong  to  what  Bichat  calls  limited  apporition;  the  flexion  and 
extension  of  the  fore-arm  on  the  arm  illustrate  it.  Sometimes  a 
motion  of  this  kind  takes  place  in  four  directions,  indicated  by  two 
lines  which  cut  at  right  angles.  This  is  best  understood  by  a  refe^ 
ence  to  the  motions  which  take  place  at  the  hip-joint :  there  it  will  be 
seen  that  the  thigh-bone  may  be  brought  forward  so  as  to  form  an 
angle  with  the  trunk j  flexion — or  it  may  be  restored,  extension;  it  may 
be  separated  from  the  middle  line  of  the  body  so  as  to  form  an  angle 
with  the  lateral  surface  of  the  trunk,  abduction — or  it  may  be  restored 
and  made  to  approximate  the  middle  line,  adduction.  It  is  evident 
that  a  joint,  which  is  susceptible  of  these  four  motions,  may  also 
move  in  the  intermediate  directions.  When  these  motions  are  per- 
formed rapidly,  one  after  the  other,  one  continuous  motion  appears 
in  which  the  distal  extremity  of  the  bone  describes  a  circle  indi- 
cating the  base  of  a  cone  whose  apex  is  the  articular  extremity 
moving  in  the  joint ;  this  motion  is  called  circumduction. 

Rotation  is  simply  the  revolving  of  a  bone  around  its  axis.  It  is 
important  to  bear  this  definition  in  mind :  through  losing  sight  of  it 
many  anatomists  have  attributed  rotation  to  a  joint  which  really  does 
not  possess  it. 

The  varieties  of  the  diarthrodial  joint  are  as  follows : 

a,  Arthrodia, — In  this  species  the  surfaces  are  plane,  or  one  is 
slightly  concave,  and  the  other  slightly  convex :  the  motion  is  that 
of  gliding,  limited  in  extent  and  direction  only  by  the  ligaments  of 
the  joint,  or  by  some  process  or  processes  connected  with  the  bones. 
The  examples  in  men  are,  the  articular  processes  of  the  vertebre, 
the  radio-carpal,  carpal,  carpo-metacarpal,  inferior  radio-ulnar,  supe- 
rior tibio-fibular,  tarsal  and  tarso-metatarsal,  temporo-maxillary,  acro- 
mio-clavicular,  and  sterno-clavicular  joints.  This  last  articulation  and 
the  wrist-joint  possess  a  greater  latitude  of  motion  than  the  others; 
the  former,  in  consequence  of  the  shape  of  its  articular  surfaces;  each 
surface  is  convex  in  one  diameter  and  concave  in  the  other,  so  that  the 
gliding  that  takes  place  in  this  joint  is  in  the  direction  of  the  long  and 
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ort  diameters,  vbich  intersect  each  other  at  right  angles.  It  is 
pmble,  therefore,  of  vague  opposition  in  those  lines,  but  certainly 
t  in  the  intermediate  directions,  the  nature  of  the  surfaces  being 
Icalated  to  prevent  this.  The  wrist  owes  its  mobility  to  the  laxity 
its  ligaments,  which  permit  it  to  move  as  well  in  its  transverse  as 
its  antero-posterior  diameters,  as  also  in  the  intermediate  direc- 
os;  it  consequently  admits  of  vague  opposition  and  circumduction. 
le  articulation  of  the  metacarpal  bone  of  the  thumb  with  the  trape- 
im  is  also  an  arthrodia  very  similar  to  the  stemo-clavicular,  but  with 
greater  degree  of  motion.  Arthrodial  joints  are  generally  provided 
Ih  ligaments,  placed  at  the  extremities  of  the  lines  in  the  direction 
which  the  gliding  motion  takes  place. 

h.  EnarthroM. — This  is  a  highly  developed  arthrodia.  The  convex 
rfrce  assumes  a  globular  shape,  and  the  concavity  is  so  much  deep- 
ed 88  to  be  cup-Tike  ;  hence  the  appellation  hall  and  socket.  The 
n  is  kept  in  apposition  with  the  socket  by  means  of  a  capsular  liga- 
BBt,  which  is  sometimes  strengthened  by  accessory  fibres  at  certain 
Its  that  are  likely  to  be  much  pressed  upon.  The  best  example  of 
arthrosb  is  the  hip-joint,  and  next  to  it  the  shoulder :  in  the  latter 
e  cavity  is  but  imperfectly  developed.  All  the  quadrupeds  have 
eir  shoulder  and  hip  Joints  on  this  construction,  and  the  same  com- 
Ml  plan  is  observed  in  the  vertebrata  generally  whose  extremities 
e  developed.  In  birds  and  reptiles  the  bodies  of  the  vertebrse  are 
ticolated  by  enarthrosis. 

This  species  of  joint  is  capable  of  motion  of  all  kinds,  opposition  and 
rcomduction  being  the  most  perfect,  but  rotation  limited.  Indeed, 
hat  is  called  rotation  at  the  hip-joint,  is  effected  by  a  gliding  of  the 
ad  of  the  femur  from  before  backwards,  and  vice  versdy  in  the 
etabulum  ;  it  is  not  a  rotation  of  the  head  and  neck,  but  of  the  shaft, 
the  femur. 

e.  Ginglymus  (r»rr^v/»of,  cardo). — The  articular  surfaces  in  the 
Dge-joint  are  marked  with  elevations  and  depressions  which  exactly 
into  each  other,  so  as  to  restrict  motion  in  all  but  one  direction. 
bey  are  always  provided  with  strong  lateral  ligaments,  which  are  the 
lief  bonds  of  union  of  the  articular  surfaces. 
The  elbow  and  ankle  joints  in  man  are  perfect  ginglymi ;  the  knee 
10  belongs  to  this  class,  but  is  by  no  means  a  perfect  specimen, 
r,  in  a  certain  position  of  the  bones  of  this  joint,  the  ligaments  are 
'  relaxed  as  to  allow  a  slight  rotation  to  take  place.  The  phalangeal 
ticnlations,  both  of  the  fingers  and  toes,  are  ginglymi.  This  form 
'  joint  is  most  extensively  employed  among  the  lower  animals.  In 
ladrapeds,  most  of  the  joints  of  the  extremities  come  under  this 
■ad.  In  amphibia  and  reptiles,  too,  there  are  many  examples  of  the 
nge-joint.  The  bivalve  shells  of  conchiferous  mollusca  are  united 
r  a  very  perfect  hinge,  and  a  great  number  of  the  joints  of  Crustacea 
id  insects  are  of  this  form. 
The  true  ginglymus  is  only  susceptible  of  limited  opposition :  hence 

•  knee-joint  cannot  be  regarded  as  a  perfect  example ;  in  fact,  in 

•  perfect  ginglymus  there  is  every  possible  provision  against  lateral 
oCion. 
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d.  Diarthrosis  rotatorius. — A  pivot  and  a  ring  constitute  the  me- 
chanism of  this  form  of  joint.  The  ring  is  generally  formed  partly 
of  bone  and  partly  of  ligament,  and  sometimes  moves  on  the  pivot, 
sometimes  the  pivot  moves  in  it.  The  motion  is  evidently  confined 
to  rotation,  the  axis  of  which  is  the  axis  of  the  pivot. 

In  the  human  subject  the  best  example  of  this  articulation  is  thit 
between  the  atlas  and  odontoid  process  of  the  axis  or  vertebra  den- 
tata.  The  ring  is  formed  by  a  portion  of  the  anterior  arch  of  the 
atlas,  completed  behind  by  a  transverse  ligament.  Here  the  atlas 
rotates  round  the  odontoid  process,  which  is  the  axis  of  motion. 
Another  example  is  the  superior  radio-ulnar  articulation :  here  one- 
fourth  of  the  ring  is  formed  by  bone,  namely,  the  lesser  sigmoid  cavity 
of  the  ulna,  and  the  remaining  three-fourths  by  the  round  ligament 
called  the  coronary  ligament  of  the  radius.  In  this  case  there  is  rota- 
tion as  perfect  as  in  that  just  mentioned;  but  the  head  of  the  radius 
rolls  in  the  ring,  and  the  axis  of  motion  is  the  axis  of  the  head  and 
neck  of  the  bone.  Some  anatomists  consider  this  joint  a  species  of 
ginglymus,  which  they  designate  lateral. 

The  terms  Symphysis^  Syiichondrosi$j  Synneurosis,  SyssarcatU^ 
Meningosis,  have  been  employed  by  anatomists  to  designate  certain 
kinds  of  articulation,  chiefly  in  reference  to  the  nature  of  the  con- 
necting media.  Symphysis,  although  originally  employed  with  great 
extent  of  meaning,  seems  to  have  been  in  later  days  applied  exclo- 
sivelyto  denote  the  articulations  of  the  pelvis,  which  we  have  classed 
under  Amphiarthrosis.  We  pass  over  the  other  terms  because  they 
ought  to  be  discarded  from  use,  as  only  tending  to  encumber  a  voca- 
bulary already  too  much  crowded  with  difficult  and  unnecessary 
terms. 

Mechanism  of  tlie  skeleton. — We  shall  conclude  this  chapter  with 
some  remarks  upon  the  mechanical  disposition  of  the  various  parts 
of  the  skeleton,  and  their  adaptation  to  the  purposes  they  were  des- 
tined to  fulfil. 

The  skeleton  consists  of  the  head,  trunk,  and  extremities. 

The  head  is  composed  of  a  cavity,  surrounded  by  osseous  walls 
(cranium)^  destined  to  contain  and  protect  the  brain  ;  and  of  an  ex- 
panded portion  {the  face)^  with  which  some  of  the  organs  of  the 
senses  are  connected,  and  upon  which  the  features  are  formed.  The 
size  of  the  cranium  aflbrds  a  good  clue  to  determine  the  absolute  size 
of  the  brain ;  and  the  proportion  of  the  face  to  it,  offers  a  not  inexact 
index  of  the  relation  which  the  intellectual  faculties  and  the  animal 
propensities  bear  to  each  other.* 

The  spheroidal  form  of  the  cranium  admirably  adapts  it  for  pro- 
tecting the  organ  which  it  contains  against  external  violence.  The 
arched  form  is  that  which  possesses  most  strength,  and  oflfers  the 

Srcatest  resistance.  When,  says  Dr.  Amott,  we  reflect  on  the  strength 
isplayed  by  the  arched  film  of  an  egg-shell,  we  need  not  wonder  at 
the  severity  of  the  blows  which  the  cranium  can  withstand.  And  he 
adds,  in  reference  to  the  former,  ^^  what  hard  blows  of  the  spoon  or 

*  See  a  good  aeconnt  of  the  comparative  mensuration  of  the  skull  in  Mr.  Wand*s 
Outlines  of  Human  Osteology. 
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knife  are  often  required  to  penetrate  this  wonderful  defence  of  a  dor- 
mant life !"  And  this  form,  which  gives  so  much  strength  to  the 
skull,  fayors  the  transmission  of  vibrations  along  its  walls,  and  thus 
saves  the  delicate  viscus  enclosed  by  them.  Thus  blows  inflicted 
opoD  the  cranium  become  diffused ;  and  sometimes  the  violence  ap- 
plied directly  to  the  vertex  is  spent  upon  the  base  of  the  skull,  and 
causes  a  fracture  there. 

The  compound  structure  of  the  cranial  bones  is  an  important  ele- 
ment in  the  architecture  of  the  skull  as  a  protecting  case  to  the  brain. 
Most  of  these  bones  are  formed  of  two  tables :  the  outer  one  is 
tough,  strong,  and  fibrous;  the  internal  table  is  dense  and  brittle,  and 
hence  called  tabula  vitrea ;  and  there  is  interposed  between  them  a 
spongy  texture,  the  diploe^  in  which  blood-vessels  are  freely  distributed 
(fig.  20,  p.  111).  The  varying  density  of  these  three  layers  evidently 
diminishes  their  power  of  conducting  vibrations  to  the  parts  within, 
whilst  it  does  not  oppose  the  propagation  of  those  vibrations  in  the 
direction  of  the  layers  themselves. 

The  manner  in  which  the  bones  of  the  skull  are  united  together 
has  an  evident  reference  to  the  physical  properties  of  their  inner  and 
outer  tables.  The  sutures  are  formed  by  the  dovetailing  of  the  outer 
table ;  the  inner  being  cut  straight,  and  simply  placed  in  apposition  (a 
layer  of  cartilage  intervening),  forming  a  sort  of  harmonia.  The 
inner  table,  which  is  the  brittle  one,  is  not  dovetailed,  because  its 
teeth  would  break  readily ;  but  the  toughness  and  elasticity  of  the 
cater  table  fit  it  well  for  such  a  mechanism.  On  the  same  principle. 
Sir  C.  Bell  remarks,  a  carpenter  joins  wood,  which  is  tough  and 
dastic,  by  tenon  and  mortise  or  by  dovetailing ;  but,  if  pieces  of  glass 
or  marble  are  to  be  joined,  cement  is  employed  for  that  purpose. 

The  principal  part  of  the  vault  of  the  cranium  is  formed  by  the 
parietal  bones,  which  rest  upon  the  wings  of  the  sphenoid,  and  upon 
the  temporal  bones:  these  overlap  the  lower  borders  of  the  parietal 
bones  in  such  a  way  as  to  prevent  them  from  starting  outwards. 
They  act  on  the  principle  of  the  tiebeam  in  the  roofs  of  bouses. 

At  certain  exposed  situations  the  bones  experience  a  thickening  of 
their  structure,  causing  tuberosities,  which  are  familiar  to  descriptive 
laatomists.  These  contribute  to  the  strength  of  the  roof  of  the  skull : 
in  firont,  in  the  frontal  bone  on  each  side  of  the  middle  line;  laterally, 
in  the  parietal  bones,  and,  behind,  in  the  centre  of  the  occipital  bone. 
At  this  last  situation  two  ribs,  analogous  to  groinings  in  architecture, 
intersect  each  other:  one  extends  from  the  centre  of  the  frontal  bone  to 
the  most  projecting  part  of  the  occipital  foramen ;  the  other  passes  hori- 
Bontally  across  the  occipital  bone,  and  terminates  immediately  behind 
the  wedge-like  processes  which  are  formed  by  the  petrous  portions  of 
lie  temporal  bones.  The  occipital  protuberance,  which  is  the  point 
>f  intefsection  of  these  groinings,  is  the  ^^  thickest  and  strongest  part 
if  the  skull ;  and  it  is  the  most  exposed,  smce  it  is  the  part  of  the 
lead  which  would  strike  upon  the  ground  when  a  man  falls  back- 
raids."     (Sir  a  Bell.) 

Of  the  Spine. — The  spinal  column,  in  man,  is  a  vertical,  elastic 
10 
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pillar,  expanded  inferiorly  ^vhere  it  rests  upon  the  sacram.  It  is 
composed  of  a  series  of  light  and  spongy  bones,  between  each  pair 
of  which  (except  the  first)  a  compressible  and  elastic  disc  of  fibro- 
cartilage  is  placed.  It  has  a  three-fold  office  in  the  human  subject: 
first,  it  is  the  great  bond  of  connection  between  all  the  parts  of  the 
skeleton ;  secondly,  it  forms  a  canal  for  the  lodgment  and  protection 
of  the  spinal  cord;  and  thirdly,  it  is  a  column  of  support  for  the  head. 
For  these  purposes  the  spinal  column  requires  considerable  streDSth, 
as  the  central  pillar  of  the  trunk :  it  needs  mobility,  to  adapt  itself  to 
the  various  attitudes  and  movements  of  the  body,  and  elasticity,  to 
guard  the  tender  organ  contained  within  it,  as  well  as  the  brab|from 
concussion. 

The  strength  of  the  spinal  column  is  abundantly  provided  for  in 
the  powerful  ligament  which  binds  the  bodies  of  the  vertebrae  toge- 
ther in  front  (anterior  common  ligament)  j  and  in  the  strong  and  elastic 
intervertebral  discs,  which  at  once  connect  and  separate  them.  The 
degree  of  motion  which  may  take  place  between  any  two  vertebrs 
is  regulated  partly  by  the  thickness  of  the  intervertebral  disc,  and 
partly  by  the  disposition  of  the  joints  of  the  articular  processes. 
When  the  latter  are  vertical  in  their  direction,  the  vertebrae  are  so 
locked  in,  that  their  movements  are  very  much  impeded ;  but  when 
they  approach  the  horizontal  direction,  as  in  the  neck,  the  range  of 
motion  is  greater.  The  mobility  of  the  spine  may  be  compared  to 
that  of  a  chain  ;  between  any  two  links  of  which  there  is  but  litde 
motion,  while  the  whole  chain  is  abundantly  pliant.  This  restriction 
of  motion  between  each  pair  of  vertebrse  enhances  the  strength  of  tbe 
column,  and  affords  complete  protection  to  the  spinal  cord,  which 
would  speedily  sufier,  did  any  vertebra  pass  beyond  its  prescribed 
limits. 

In  the  flexuous  form  of  the  spinal  column,  and  in  the  connection  of 
the  vertebral  laminse  by  broad  bands  of  yellow  elastic  ligament,  ire 
see  further  provision  for  its  elasticity,  in  addition  to  that  afibrded  by 
the  discs  of  fibro-cartilage  which  lie  between  the  bodies  of  the  ver- 
tebrse.  The  concavity  in  the  region  of  the  back  is  doubtless  intended 
to  give  full  scope  to  the  play  of  the  important  organs  within  the  tho- 
rax ;  and  the  cervical  and  lumbar  curves  necessarily  result  from  this, 
in  order  that  the  relation  of  the  whole  column  to  the  line  of  gravita- 
tion of  the  body  may  be  duly  preserved.     The  triple  curvature  of  the 
spine  enables  it  to  yield  with  less  ierk  than  if  it  were  a  strairiit 
spring,  or  one  that  could  bend  only  in  a  single  direction.    ^^  It  yields 
in  the  direction  of  its  curves,  and  recoils,  and  so  forms  the  most  pe^ 
feet  spring,  admirably  calculated  to  carry  the  head  without  jar  or  in- 
jury of  any  kind." 

The  pliancy  of  the  spinal  column  favours  its  flexion  in  Tarious 
directions,  in  obedience  to  the  action  of  the  numerous  muscles  which 
are  inserted  into  the  vertebral  processes.  Nothing  is  more  common 
than  to  see  a  misshapen  and  crooked  spine  produced  by  the  predomi- 
nance of  action  given  to  certain  sets  of  muscles,  through  the  habitual 
assumption  of  awkward  attitudes :  most  of  the  curved  spines  which 


THE  PELVIS.  139 

occur  in  weakly  females  may  be  traced  to  uncorrected  bad  habits  as 
tfieir  origin.^ 

The  spine,  gradually  expanding  at  its  lower  part,  rests  upon  the 
base  of  the  sacrum  ;  and  the  last' lumbar  vertebra  is  separated  from 
that  bone  by  a  fibro-cartilaginous  disc.  The  sacrum  forms  a  wedge 
separating  the  pelvic  bones,  and  is  admirably  adapted  to  transmit  the 
weight  of  the  spine  to  them. 

Of  the  pelvis. — "The  spinal  column,"  to  use  the  words  of  Mr. 
Mayo,  ^*  rests  on  an  elastic  hoop,  in  the  extreme  circumference  of 
which  on  either  side  the  deep  cups  are  wrought  which  receive  the 
heads  of  either  thigh-bone.  But  this  elastic  hoop  is  not  disposed 
vertically,  but  slants  in  such  a  manner,  that,  when  we  alight  upon 
our  feet,  the  force  of  the  arrested  motion  tells  in  great  measure  on 
the  extensor  muscles  of  the  hip." 

In  the  articulation  of  the  sacrum  with  the  ossa  innominata  we  see 
remarkable  provision  against  its  displacement  backwards,  by  a  force 
acting  from  above  downward,  the  direction  in  which  the  superin- 
eombent  weight  bears,  or  even  by  one  acting  from  before  back- 
wards. This  security  is  obtained  not  only  by  the  strong  ilio-sacral 
Siments,  which  tie  the  bones  together  behind,  and  the  cartilage, 
ich  intervenes  between  the  ilium  and  sacrum,  and  adheres  firmly 
to  both,  but  also  by  the  double  wedge-like  shape  of  the  sacrum  itself: 
hr  this  bone  is  wider  above  than  below,  so  that  it  can  thereby  resist 
Hie  downward  pressure ;  and  it  has  a  greater  width  before  than  be- 
hind, which  enables  it  to  oppose  the  pressure  in  front.  And  Mr. 
Ward  has  shown  that  the  sacrum  is  also  well  secured  against  dis- 
placement forwards^  not  only  by  the  general  compactness  which  the 
acro-iliac  joints  derive  from  their  ligaments  and  cartilages,  but  also 
by  the  cuneiform  character  which  the  bone  assumes  about  the  middle 
m  the  articular  surfoce,  where  the  base  of  the  wedge  is  turned  in  the 
omx>9ite  direction  to  that  which  it  occupies  either  at  the  upper  or  the 
lower  part  of  the  articular  surface,  f 

These  provisions  for  the  strength  and  security  of  the  sacrum  are  of 
great  importance  to  the  general  mechanism  of  the  pelvis,  whether  we 
regard  it  as  a  bony  girdle  constructed  for  the  transmission  of  the 
wSgfat  of  the  trunk  to  the  thigh-bones,  or  as  an  osseous  cavity  de- 
stined to  contain  and  protect  certain  important  viscera. 

Viewing  the  pelvis  in  the  former  light,  we  must  notice  the  thick- 
ening of  the  iliac  bones  along  either  side  of  its  upper  outlet.  The 
gnnnings,  thus  formed,  terminate  opposite  the  acetabula,  and  trans- 
mit the  superincumbent  weight,  which  they  share  with  the  sacrum, 
to  each  of  those  cavities,  whence  it  is  again  transferred  to  the  heads 
of  die  thigh-bones ;  they  are  formed  of  dense  compact  substance, 
which  contrasts  strikingly  with  the  thin  lamellated  structure  of  the 
annonnding  osseous  tissue. 

The  obliqui^  of  the  pelvb  has  a  twofold  object ;  first,  with  refer- 
to  the  weight  from  above ;  and,  secondly,  with  respect  to  con- 


*  Dr.  Araott's  remarks  bearing  upon  this  subject  deserve  a  careful  penisaL— See 
Mi  demcats  of  Physics. 
f  We  late  for  futber  details  on  this  subject  to  Mr.  Ward's  excellent  work,  p.  S66. 
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cussions  transmitted  upwards  by  the  lower  limbs,  in  leaps,  or  other 
rapid  movements.  In  both  instances,  the  shock  is  distributed  orer 
a  greater  extent  of  surface,  and  is  participated  in  by  a  greater  number 
of  joints,  than  if  the  pelvis  were  placed  directly  beneath  the  spine; 
for  it  is  obvious,  that,  were  the  axis  of  the  pelvis  vertical,  and  the 
femora  placed  perpendicularly  under  it,  the  weight  from  above  would 
bear  its  chief  force  upon  the  sacrum,  and  the  concussion  from  below 
would  be  felt  in  the  hip-joints  alone. 

In  progression,  the  whole  pelvis  receives  the  concussions,  when 
they  proceed  from  above  or  from  below.  Hence  the  ossa  pubis  are 
united  by  an  intervening  elastic  fibro-cartilage ;  and  any  disturbance 
of  this  joint  during  pregnancy,  or  in  the  act  of  parturition,  occasions 
great  difficulty  to  the  patient  in  walking,  or  even  in  maintaining  tbe 
erect  posture. 

Of  the  Thorax. — The  thorax  is  a  conoidal  cavity,  slightly  flattened 
on  its  anterior  aspect.  It  is  constructed  with  obvious  reference  to 
lightness,  elasticity,  and  mobility ;  all  these  qualities  being  requisite 
for  its  adaptation  to  the  ever- varying  movements  of  the  organs  it 
contains. 

The  walls  of  the  chest  are  formed  behind  by  the  dorsal  vertebrae,  to 
which  twelve  ribs  are  articulated  on  each  side:  seven  of  these,  the  true 
ribs,  are  connected  to  either  margin  of  the  sternum  by  pieces  of  cartilage, 
which  are  of  the  same  shape  and  breadth  as  the  ribs  themselves.  Tne 
ribs  are  articulated  by  their  heads  and  tubercles  with  the  bodies,  as  well 
as  with  the  transverse  processes  of  the  vertebrae,  and  enjoy  at  these 
points  a  limited  gliding  motion  in  the  upward  or  downward  direction. 
The  direction  of  the  true  ribs  is  forwards,  sloping  downwards;  the 
obliquity  being  greatest  in  the  lowest  ribs,  least  in  the  first  rib.  The 
mobility  which  each  rib  enjoys  at  its  vertebral  articulation,  permits 
this  direction  to  be  altered  by  muscular  action  ;  and  the  ribs,  under 
the  influence  of  their  elevator  muscles,  pass  from  the  sloping  to  the 
horizontal  position.  By  this  change  the  dimensions  of  the  cnest  are 
enlarged  in  the  transverse  as  well  as  in  the  antero-posterior  direction, 
for  the  middle  curved  portions  of  the  ribs  are  carried  outwards,  and 
therefore  brought  further  apart  from  each  other ;  and  their  sternal  ex- 
tremities are  moved  forwards,  accompanied  by  the  sternum,  the  dis- 
tance of  which  from  the  dorsal  vertebrae  is  thereby  increased.  The 
forces,  which  depress  the  ribs,  restore  their  planes  of  position  to  their 
previous  oblique  direction,  and  the  two  diameters  of  the  chest  to  their 
former  dimensions.  It  is  scarcely  needful  to  add  that  the  elevation 
of  the  ribs  accompanies  inspiration,  and  their  depression  expiration. 

The  following  happy  comparison  between  the  thorax  and  the  pelvis 
is  from  the  pen  of  Mr.  Mayo. 

"  When  we  compare  together  the  several  regions  of  the  trunk,  we 
observe  that  it  is  laid  out  in  corresponding  organs,  or  pairs  of  organs, 
on  either  side  of  a  centre,  which  is  formed  by  the  five  lumbar  verte- 
brae. Above  the  lumbar  vertebrae  are  the  dorsal ;  above  these,  the 
cervical :  below  the  lumbar  vertebrae  are  the  sacral  bones ;  below 
these,  the  coccygeal.  To  the  dorsal  vertebrae  and  to  the  sacrum, 
bones  are  articulated,  which  have  the  double  office  of  forming  a  vis- 
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:eral  cavity,  and  of  throwiDg  to  a  coDvenient  distance  from  the  me- 
;ial  plane  the  bones  of  the  extremities.  The  ribs  and  sternum,  the 
clavicles  and  scapulae,  form,  vfith  the  dorsal  vertebrae,  an  organ  strictly 
inalogous  to  that  formed  by  the  ossa  innominata  and  the  sacrum. 
Sot  the  chest  for  the  function  of  respiration  reauires  to  be  continually 
iltering  its  dimensions,  and  the  upper  extremity  is  characterized  by 
lie  extent  and  velocity  of  its  movements,  rather  than  by  strength : 
0  suit  both  these  objects,  the  chest  and  shoulder  are  formed  of  many 
M>oes,  that  are  movable  in  various  senses ;  the  ribs  are  capable  both 
)f  rotating  upon  their  sternal  and  vertebral  joints,  and  of  being  raised 
}r  depressed  upon  their  vertebral  joints,  carrying  Mrith  them  the  ster- 
BOin :  the  clavicle  again  rolls  upon  the  sternum,  and  the  scapula  rolls 
upon  the  convexity  of  the  ribs.  On  the  other  hand,  the  pelvis,  as 
regards  the  viscera,  is  intended  merely  for  their  support;  and  if, 
during  labor,  a  temporary  enlargement  of  its  lower  aperture  is  re- 
quisite, the  flexibility  of  the  joints  of  the  os  coccygis  in  the  female 
ikeletoD,  with  the  temporary  yielding  of  the  ligaments,  affords  a  suf- 
ficient provision  for  this  object :  the  inferior  extremities  again  require 
to  be  articulated  to  a  solid,  unyielding  platform,  upon  which  they 
may  poise  the  incumbent  weight  of  the  trunk  and  head.  The  bones 
of  the  pelvis  are  for  these  reasons  few,  weighty,  massive,  and  knit 
together  immovably.  Thus  accurately  do  the  points,  in  which  a 
resemblance  is  wanting  between  the  chest  and  pelvis,  preserve  the 
analogy  between  these  parts." 

Of  the  Extremities. — In  no  part  of  the  skeleton  is  the  adaptation  of 
inatomical  disposition  and  structure  to  function  more  strikingly  ob- 
lious  than  in  the  bones  of  the  extremities. 

The  lower  extremities  form  powerful  pillars  of  support  for  the  trunk 
in  the  erect  posture.  The  great  strength  of  the  femur  and  tibia, 
vbicb  form  the  principal  portion  of  each  pillar,  fit  them  admirably 
for  this  office ;  and  it  is  interesting  to  notice  that  dense  osseous  tissue 
io  each  of  these  bones  is  most  abundant  in  those  situations  where  the 
greatest  strain  of  the  pressure  from  above  is  felt.  This  may  be  seen 
m  a  transverse  section  of  either,  when  a  dense  spine  of  bone  is  found 
corresponding  to  the  concave  surface  of  each ;  this  is  most  distinct 
io  the  femur,  where  the  dense  bone  alluded  to  constitutes  the  linea 
Qspera. 

The  femur  is  curved  forward,  and  this  incurvation  gives  elasticity 
to  the  bone,  and  aids  in  distributing  the  force  of  concussions.  Its 
shaft  is  inclined  downwards  and  inwards,  so  that  the  opposite  femora 
approach  each  other  inferiorly  at  the  knee-joints,  while  they  are  sepa- 
rated by  a  considerable  interval  above.  And  this  interval  is  increased 
by  the  head  and  neck  of  each  femur  being  united  to  the  shaf\  at  an 
obtuse  angle;  this  angle  is  one  of  about  135  degrees  in  the  male;  it 
is  somewhat  smaller  in  the  female. 

It  is  evident  that  the  femur  must  suffer  in  point  of  strength  from 
this  mode  of  junction  of  its  neck  and  shaf\,  for  a  bone  without  any 
beod  in  its  axis  must  necessarily  be  more  capable  of  resisting  down- 
ward compression,  than  one  consisting  of  two  pieces  united  at  an 
angle.     But  we  observe  here,  as  in  other  parts  of  the  mechanism  of 
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the  human  body,  that  the  disadvantage  in  one  respect  is  more  than 
counterbalanced  by  certain  advantages  v^bich  this  peculiar  arrange- 
ment offers,  and  which  could  be  attained  in  no  other  way  ;  for  die 
junction  of  the  neck  with  the  shaft  throws  the  thigh*bone  outwards  to 
a  certain  distance,  and  leaves  abundant  room  for  the  play  of  the  ad- 
ductor muscles :  this  could  only  be  attained  otherwise  by  greatly 
enlarging  the  pelvis  in  the  transverse  direction.  And  again,  m  the 
movements  of  the  femur,  much  is  gained ;  for  rotation  can  be  per- 
formed with  little  muscular  eflbrt  by  reason  of  the  favourable  leverage 
afforded  by  the  neck  of  the  bone  and  the  trochanter  major.  The 
increased  power  thus  given  to  the  rotator  muscles  has  considerable 
effect  in  walking,  which  is  on  that  account  performed  more  lightly, 
and  without  any  circumduction  of  the  limb. 

It  is  owing  to  this  disposition  of  the  neck  of  the  thigh*bope,  that, 
when  its  lower  extremity  advances  in  the  vertical  plane,  its  head  and 
neck  turn  on  a  horizontal  axis ;  in  other  words,  that  the  angulttt' 
motion  of  its  shaft  is  converted  into  a  rotatory  movement  at  the  hip- 
joint.  And  from  such  an  arrangement  this  great  advantage  results, 
that  in  the  various  motions  or  states  of  the  joints,  as  extreme  or  par- 
tial flexion,  extension,  &c.,  the  same,  or  very  nearly  the  same,  extent 
of  the  articulating  surfaces  is  exposed  to  pressure :  for,  as  Mr.  Ward 
expresses  it,  the  rotation  of  a  hemispherical  head  within  a  socket  of 
the  same  form  involves  no  diminution  of  the  extent  of  the  contiguoas 
articulating  surfaces ;  but  the  angular  motion  of  a  joint  of  this  kind 
throws  part  of  the  ball  out  of  the  socket,  and  leaves  part  of  the  socket 
without  bearings  to  rest  upon,  so  that  the  weight,  instead  of  being 
distributed  equally  over  the  whole  surface  of  the  head,  is  concentrated 
upon  that  portion  which  remains  within  the  cavity.  (Ward,  loc.  cit.) 

Moreover,  the  joint  gains  as  regards  the  extent  of  flexion  by  this 
conversion  of  angular  into  rotatory  motion,  for  an  angular  motion  in 
the  acetabulum  would  be  readily  checked  by  the  edge  of  the  cavity 
coming  in  contact  with  the  neck  of  the  bone ;  ''  whereas  rotation 
meets  no  such  check  in  the  conformation  of  the  joint  itself,  but  may 
be  continued  indefinitely,  until  opposed  by  the  tension  of  ligaments, 
or  some  other  adventitious  obstacle." 

In  the  structure  of  the  extremities  of  the  femur,  we  find  evidence 
of  much  beautiful  mechanical  contrivance,  in  the  disposition  of  the 
compact  tissue,  and  of  the  rods  or  fibres  of  the  cancellous  texture, 
having  an  obvious  reference  to  the  direction  of  the  weight  to  be  sus- 
tained as  well  as  to  the  dispersion  of  concussions.  The  neck  of  the 
thigh-bone,  having  to  bear  considerable  superincumbent  weight,  is 
strengthened  on  its  inferior  surface  by  an  arch  of  compact  tissue, 
gradually  increasing  in  thickness  as  it  proceeds  from  above  down- 
wards,  and  well  suited  by  its  rigidity  to  oppose  bending ;  but  on  its 
upper  surface  the  compact  tissue  is  thin,  and  the  reticular  texture 
consists  of  somewhat  arched  fibres  freely  interwoven,  running  parallel 
to  that  surface,  and  disposed  so  as  to  present  a  surface  to  resist  the 
direct  influence  of  pressure  (fig.  18,  p.  106).  The  direction  of  the 
fibres  of  the  reticular  texture  of  the  inferior  part  of  the  neck  is 
chiefly  downwards  to  the  trochanter  minor,  and  it  seems  to  establish 
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a  communication  between  the  osseous  tissue  of  the  head  of  the  bone, 
and  the  dense  structure  which  forms  the  lower  part  of  the  neck. 

The  lower  extremity  of  the  femur  is  almost  entirely  composed  of 
eancellated  texture,  and  affords  a  broad  surface,  for  articulation  with 
fhe  head  of  the  tibia  to  form  the  knee-joint.  As  the  tibia  is  placed 
rertically  under  it,  it  not  only  transfers  the  weight  from  above  to  that 
bone,  but  it  is  particularly  exposed  to  suffer  Kom  concussions  con* 
Teyed  upwards  by  the  tibia.  Its  structure  seems  disposed  so  as  to 
fiKilitate  the  dispersion  of  such  concussions,  the  sides  of  the  condyles 
projecting  considerably  beyond  the  surface  of  the  shaft  of  the  bone, 
and  there  being  but  little  continuity  of  tissue  between  it  and  the 
lower  end  of  the  bone. 

Of  the  bones  of  the  leg,  the  tibia,  from  its  strength  and  size,  is 
evidently  that  which  is  destined  to  support  the  thigh ;  the  fibula  must 
be  regarded  as  entirely  accessory  in  its  office,  affording  attachment  to 
the  interosseous  ligament,  and  forming  a  greater  extent  of  surface  for 
the  origin  of  muscles.  By  its  lower  extremity  it  supports  the  ankle- 
joint  on  the  outside. 

The  tibia  rests  upon  the  astragalus,  and  through  that  bone  trans- 
mits the  weight  to  the  foot.  The  length  of  this  organ,  its  breadth, 
and  its  arched  form,  adapt  it  as  a  basis  of  support  for  the  body  in 
the  erect  posture,  and  as  an  instrument  of  locomotion.  It  obtains 
elasticity,  and  a  certain  amount  of  mobility,  from  its  being  composed 
of  several  small  and  light  bones  articulated  together.  These  bones, 
although  almost  entirely  composed  of  reticular  texture,  possess  con- 
siderable power  of  resistance  to  direct  pressure  in  those  directions  in 
which  the  strain  would  chiefly  bear  in  the  movements  of  the  organ, 
and  this  is  to  be  attributed  to  the  direction  of  the  fibres  of  their 
cancellous  tissue.  The  principal  elasticity  of  the  foot  is  longitudinal, 
by  reason  of  its  arch  being  in  that  direction,  resting  upon  the  heel 
behind,  and  on  the  toes  in  front ;  but  it  also  yields  somewhat  in  the 
transverse  direction,  or  that  of  the  arch  formed  by  the  cuneiform  bones. 
The  extension  of  the  os  calcis  backwards  not  only  adds  to  the  length 
of  the  longitudinal  arch,  but  it  also  affords  a  considerable  leverage  to 
the  muscles  of  the  calf  of  the  leg. 

Upper  Extremity. — The  disposition  and  structure  of  the  bones  of 
fhe  upper  extremity  afford  a  marked  contrast  to  those  of  the  lower. 
The  latter  are  organs  of  support,  and  therefore  are  solid,  firm,  strong, 
and,  withal,  elastic.  The  former  are  destined  to  perform  extended 
motions,  as  well  as  minute  and  nicely  adjusted  ones ;  and,  therefore, 
while  they  possess  all  the  requisite  strength,  they  are  light,  present 
little  expanse  of  surface,  and  are  articulated  by  numerous  very  mov- 
able articulations. 

The  scapula  and  clavicle  are  the  media  through  which  the  bones 
of  the  arm  are  united  to  the  trunk.  The  former  bone  is  remarkably 
thin  and  light,  and  seems  little  more  than  a  surface* of  attachment  for 
Tarioas  muscles,  on  whose  actions  the  extensive  movements  of  the 
arm  depend.  By  the  clavicle  it  is  connected  to  the  sternum,  through 
the  stemo-clavicular  articulation,  the  movements  of  which,  although 
occurring  only  in  two  planes,  intersecting  each  other  at  right  angles, 
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are  such  as  to  favour  a  wide  range  of  motion  in  the  shoulder.  So 
necessary  is  this  joint  to  the  general  movements  of  the  shoulder,  that 
any  injury  or  disease  of  it,  or  of  the  bone  itself,  shows  itself  speedily  I 
in  the  impediment  offered  to  those  movements.  And  the  law  of  the 
development  of  this  bone  in  the  lower  animals  is  clearly  connected 
with  a  necessity  for  a  wide  range  of  motion  in  the  anterior  extremity. 
In  those  animals  that  employ  the  anterior  extremity  only  as  an  instru- 
ment of  progressive  motion,  there  is  no  clavicle ;  hence  this  bone  is 
absent  from  the  skeletons  of  Pachydermata,  Ruminantia,  Solipeda, 
and  the  motions  of  the  shoulder  are  only  such  as  may  be  required  for 
the  flexion  and  extension  of  the  limb.  In  the  Carnivora,  where  there 
is  a  slight  increase  in  the  range  of  motion  of  the  anterior  extremities, 
a  rudimentary  clavicle  exists;  and  in  this  class  we  observe  that  the 
size  of  the  bone  bears  a  direct  relation  to  the  extent  of  motion  enjoyed 
by  the  limb.  Thus  it  is  smallest  in  the  dogs,  and  largest  in  the  cats: 
in  these  animals  it  has  no  attachment  to  either  the  sternum  or  the 
scapula,  but  is  enclosed  in  the  flesh,  and  does  not  occupy  much  more 
than  half  the  space  between  the  two  bones  last  named.  ^^  But  how- 
ever imperfect,"  says  Sir  C.  Bell,  ''it  marks  a  correspondence  in  the 
bones  of  the  shoulder  to  those  of  the  arm  and  paw,  and  the  extent 
of  the  motion  enjoyed.  When  the  bear  stands  up,  we  perceive,  by 
his  ungainly  attitude,  and  the  motion  of  his  paws,  that  there  must  be 
a  wide  diflerence  in  the  bones  of  his  upper  extremity  from  those  of 
the  rUn^inant  or  soliped ;  he  can  take  the  keeper's  hat  from  his  head, 
and  hold  it ;  he  can  hug  an  animal  to  death.  The  ant*bear,  especially, 
as  he  is  deficient  in  teeth,  possesses  extraordinary  power  of  hugging 
with  his  great  paws;  and,  although  harmless  in  disposition,  he  can 
squeeze  his  enemy,  the  jaguar,  to  death.  These  actions,  and  the 
powers  of  climbing,  result  from  the  structure  of  the  shoulder,  or  from 
possessing  a  collar  bone,  however  imperfect."  (Bridgewater  Treatise, 
p.  48.) 

In  those  Mammalia  that  dig  and  burrow  in  the  ground,  or  whose 
anterior  extremities  are  so  modified  as  to  aid  them  in  flight,  or  which 
are  skillful  in  seizing  upon  and  holding  objects  with  their  paws,  the 
clavicle  is  fully  developed,  and  extends  the  whole  way  from  the  sca- 
pula to  the  sternum.  Thus  in  the  Rodentia  this  bone  is  very  perfect, 
as,  for  example,  the  squirrel,  the  beaver,  the  rabbit,  the  rat,  &c.  The 
bat  aflbrds  an  example  of  a  very  strong  and  long  clavicle,  as  also  do 
the  mole  and  the  hedgehog  among  the  Insectivora. 

Among  the  Edentata  those  tribes  possess  a  clavicle  whose  habits 
are  fossorial,  as  the  ant-eater,  the  armadillo,  and  even  the  gigantic 
extinct  megatherium.  In  the  Quadrumana  the  clavicles  are  strong, 
and  curved,  as  in  the  human  subject. 

The  clavicle  possesses  considerable  elasticity  by  reason  of  its  curves ; 
a  property  obviously  of  the  greatest  importance  to  it,  because,  as  the 
bond  of  connection  of  the  shoulder  to  the  trunk,  it  is  liable  to  partici- 
pate in  the  many  concussions  to  which  the  upper  extremity  is  exposed. 
This  point  has  been  put  to  the  test  of  direct  experiment  by  Mr.  Ward. 
He  employed  the  clavicle  of  a  well-developed  male  subject,  of  the 
middle  age :  this  was  placed  upon  a  smooth  surface,  with  its  shaft 
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perpendicular  to  the  plane  of  a  wall,  against  which  its  inner  extremity 
rested ;  a  smart  blow  was  then  struck  with  a  hammer  on  the  outer 
extremity  of  the  bone  in  the  direction  of  its  long  axis;  the  hammer 
rebounded  from  the  end  of  the  bone,  which  sprang  to  a  distance  of 
Dearly  two  feet  from  the  wall. 

The  humerus  is  the  principal  lever  of  the  upper  extremity :  in  man 
it  is  light,  and  its  articular  extremities  are  constructed  to  contribute 
to  the  formation  of  very  movable  joints.  The^bones  of  the  fore-arm 
are  also  remarkable  for  their  lightness  and  elasticity ;  and  they  move 
freely,  not  only  on  the  humerus,  but  on  each  other.  The  movements 
of  pronation  and  supination,  which  are  necessary  to  the  free  and  full 
QBe  of  the  hand,  are  performed  by  the  rotation  of  the  radius  round  an 
axis  passing  through  its  head  and  neck ;  the  slight  curve  in  the  shaft 
of  the  radius  causes  its  carpal  extremity  to  pass  through  a  considera* 
ble  space  during  the  rotation  of  the  forearm. 

The  contrast  between  the  solidity  and  elastic  firmness  of  the  foot, 
and  the  lightness,  flexibility  and  mobility  of  the  hand,  is  most  striking. 
The  analogy  between  the  anatomical  elements  of  both  organs  is  com- 
plete :  but  they  are  modified  to  suit  the  office  for  which  each  is  de- 
stined ;  the  foot  as  a  basis  of  support,  the  hand  as  a  prehensile  organ. 
The  hand  is  modified  remarkably  from  the  form  oi  the  foot  by  the 
divergence  of  the  outer  metacarpal  bone,  to  form  the  thumb :  this 
bone  at  its  articulation  with  the  carpus  enjoys  a  considerable  degree 
of  mobility,  in  virtue  of  which  exists  the  opposable  faculty  of  the 
thumb ;  a  power  which,  in  a  state  of  perfection,  is  peculiar  to  the 
human  hand. 

While  the  hand  is  so  remarkably  mobile,  it  is  well  protected 
against  the  effects  of  compression,  or  concussion,  by  the  number  of 
its  joints,  and  the  interposed  cartilages  and  fibro-cartilages,  and  the 
soft  covering  of  fat  which  lies  beneath  the  skin  of  the  palm ;  and  its 
strength  is  abundantly  provided  for  in  the  strong  ligaments  which 
connect  the  bones  to  each  other,  and  the  fibrous  expansions  which 
cover  them. 

One  of  the  most  wonderful  circumstances  in  the  construction  of  the 
hand,  is  its  adaptability  to  an  infinite  number  of  offices.  A  powerful 
organ  of  prehension,  it  is  yet  capable  of  adjusting  the  finest  pieces  of 
mechanism,  or  of  exposing  to  view  the  minutest  wonders  of  nature  : 
an  admirable  and  most  delicate  instrument  of  touch,  it  may  neverthe- 
less be  employed  as  a  fearful  and  deadly  weapon  of  offence :  at  one 
time  it  may  be  used  to  lift  ^eat  weights,  to  pull  at  the  cable,  or  to 
turn  the  windlass;  and,  again,  it  will  execute  the  most  varied  and 
rapid  movements,  in  the  performance  of  works  or  artifices  which 
human  talent  has  invented. 

The  hand  is  the  obedient  minister  of  man's  volition  and  of  his 
genius,  and,  too  often,  the  blind  slave  of  his  emotions  and  his  pas- 
sions. 

The  following  references  are  sabjoined : — The  various  treatises  on  General  Aaa- 
tomj;  the  article  Articolation,  in  the  CyclopsBdiaof  Anatomy  and  Physiology ;  Mayo's 
Pbynology, chap,  xi.;  Bell's  Animal  Mechanics;  Amott's  Elements  of  Physics,  toI. 
L p.  SIS;  Anatomie  Descriptive,  par  Bichat,  t.  i.;  OaUines  of  Human  Osteology,  by 
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F.  O.  Ward,  a  work  to  be  strongly  recommended,  as  well  for  its  exact  and  clear  de- 
scriptions, as  for  the  excellent  and  original  views  on  the  mechanism  of  the  skeleloi, 
with  which  it  aboands.  We  shall  be  glad  to  see  it  pnbiished  in  a  form  moresniltbk 
to  its  great  merit. 


CHAPTER  VII. 

ACTIVE  ORGANS  OF  LOCOMOTION. — OF  MUSCLE.— MUSCLE  WITH  STRIPO) 
FIBRES — MUSCLE  WITH  UNSTRIPED  FIBRES. — MlfSCULAR  ACTION.— 
ATTITUDES  AND   MOVEMENTS  OF   THE  FRAME. 

The  principal  movements  of  the  body,  and  all  those  by  which 
locomotion  is  effected,  are  performed  by  means  of  a  tissue  termed 
muscky  endowed  with  the  power  of  contracting,  and  consistiitg, 
chemically,  of  fibrine.  This  substance  is  arranged  in  the  form  of 
unbranched  fibres  of  definite  size  and  structure,  and  which,  when 
examined  under  a  high  magnifying  power,  are  found  to  be  of  two 
kinds,  distinguishable  from  one  another  by  the  presence  or  absence 
of  very  close  and  minute  transverse  bars  or  stripes.  The  fibres  of  the 
voluntary  muscles,  (or  those  whose  movements  can  be  either  excited 
or  controlled  by  volition,)  as  well  as  the  fibres  of  the  heart,  and  some 
of  those  of  the  oesophagus,  are  striped;  while  all  other  muscles,  in- 
eluding  those  of  the  alimentary  canal,  the  uterus,  and  bladder,  all  of 
which  are  involuntary ^  are  unstriped. 

The  elementary  fibres  of  the  voluntary  muscles  are  connected  to 
one  another  by  areolar  tissue,  and  arranged  in  sets  parallel  to  one 
another.  They  are  supplied  with  vessels  and  nerves,  which  lie  in 
the  intervals  between  them ;  and  are  attached,  by  their  extremities, 
through  the  medium  of  tendon,  aponeurosis,  or  some  form  of  the 
fibrous  tissue,  to  the  parts  which  they  are  destined  to  move.  They 
form  organs,  for  the  most  part  solid  and  elongated,  but  which  are 
sometimes  expanded  into  a  membranous  shape. 

The  sets  of  fibres  of  the  involuntary  muscles,  on  the  other  hand, 
usually  cross  each  other  at  various  angles,  and  interlace,  and  they  are 
always  arranged  as  membranous  organs  enclosing  a  cavitv,  which 
their  contraction  serves  to  constrict.  The  heart,  besides  being  inde- 
pendent  of  the  will,  agrees  in  both  these  anatomical  characters  with 
the  involuntary  muscles,  and  is  only  allied  to  the  voluntary  by  the 
presence  in  its  fibres  of  the  transverse  stripes. 

We  shall  commence  with  a  description  of  the  two  forms  of  fibre. 

Oftfie  striped  fibres. — The  length  of  these  is  usually  about  that  of 
the  muscle  to  which  they  belong,  but  occasionallv  they  are  interrupted 
by  tendinous  intersections,  as  in  the  rectus  abdominis  and  semiten- 
dinosus ;  and  it  is  very  common  for  them  to  fall  short  of  the  length  of 
the  whole  organ,  in  consequence  of  an  oblique  disposition,  as  seen  in 

{»enniform  muscles.     In  tne  sartorius  they  oflen  exceed  two  feet  in 
ength,  while  in  the  stapedius  they  are  not  two  lines.    They  vary  in 
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Trantrene  sections  of  striped 
muscle  that  had  been  injected 
and  dried,  magnified  70  diame« 
ters :— A.  From  the  Frog.  b.  From 
the  Dog.  b.  b.  Section  of  elemen* 
tary  fibres,  showing  their  angular 
form  and  various  size.  a.  a.  Sec- 
tions of  the  injected  capillaries, 
showing  the  position  they  occupy 
among  the  fibres,  a'  .Transvervo 
brancn  between  two  longitudinal 
capillaries.  These  figures  show 
the  greater  Taacularity  of  the 
muscle,  with  the  narrower  ele- 
mentary fibres. 


diameter  from  vV  to  ,tVt  of  an  inch,  being  Fig-  M. 

kr^est  in  Crustacea;  fish  and  reptiles,  where 
their  irritability  is  enduring;  and  smallest  in 
birds,  where  it  is  most  evanescent.  The  in- 
diridual  fibres,  however,  vary  considerably 
in  thickness  in  the  members  of  the  several 
tribes,  and  even  in  the  same  animal  and 
muscle.  Their  average  width  in  man  is 
about  rir^  of  an  inch.  They  are  not  cylin* 
drical,  but  flattened  more  or  less,  by  being 
closely  packed  together.  This  may  be  ascer- 
tained in  the  recent  state,  or  still  better  by 
a  transverse  section  of  a  dried  muscle.  Small 
interspaces  are  left,  however,  for  the  passage 
of  the  capillary  blood-vessels  along  the  angles 
of  junction,  and  sometimes  between  the  con- 
tiguous sides.     (Fig.  36.) 

Internal  structure. — The  beautiful  cross- 
markings  on  the  voluntary  fibre  have  been 
known  from  the  early  days  of  microscopical 
research,  and  have  given  occasion  to  a 
variety  of  hypothetical  and  generally  me- 
chanical solutions  of  the  problem  of  contraction ;  which,  by  warping 
the  minds  of  observers,  have  had  the  effect  of  greatly  complicating 
an  already  difficult  subject,  that  of  the  internal  anatomy  of  the  fibre, 
which  can  only  be  determined  by  pure  observation.  Fontana  alone 
among  the  older  anatomists  abstained  from  vague  speculation  ;  and  he 
arriv^  nearest  to  the  truth.  He  found  that  the  fibre  was  apt  to  split 
up  into  fine  fibrillae,  each  of  which  was  a  series  of  particles ;  and  he 
imagined  that  the  transverse  lines  were  caused  by  the  regular  apposi- 
tion side  by  side  of  the  particles  of  the  contiguous  fibriilse.  It  was 
customary  both  before  and  since  his  time,  as  at  the  present  day,  to 
regard  the  fibre  as  a  bundle  of  smaller  ones,  whence  the  term  primu 
five  fasciculus  J  first  given  to  it  by  him  and  adopted  by  Miiller :  but 
this  view  of  the  subject  is  imperfect.  The  fibre  always  presents,  upon 
and  within  it,  longitudinal  dark  lines,  along  which  it  will  generally 
split  up  into  fibrillae  ;  but  it  is  by  a  fracture  alone  that  such  fibrilte 
are  obtained.  They  do  not  exist  as  such  in  the  fibre.  And,  further, 
it  occasionally  happens  that  no  disposition  whatever  is  shown  to  this 
longitudinal  cleavage ;  but  that,  on  the  contrary,  violence  causes  a 
separation  along  the  transverse  dark  lines,  which  always  intersect  the 
fibre  in  a  plane  perpendicular  to  its  axis.  By  such  a  cleavage,  dises> 
and  not  fibrillae,  are  obtained ;  and  this  cleavage  is  just  as  natural^ 
though  less  frequent  than  the  former.  Hence  it  is  as  proper  to  say 
that  the  fibre  is  a  pile  of  discs,  as  that  it  is  a  bundle  of  fibriilse :  but^ 
in  fact,  it  is  neither  the  one  nor  the  other,  but  a  mass  in  whose  struc- 
ture there  is  an  intimation  of  the  existence  of  both,  and  a  tendency 
to  cleave  in  the  two  directions.  If  there  were  a  general  disintegration 
along  all  the  lines  in  both  directions,  there  would  result  a  series  of 
particles,  which  may  be  termed  primitive  particles  or  sarcous  ekmentSy 
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the  union  of  which  constitutes  the  mass  of  the  fibre.     These  element- 
ary particles  are  arranged  and  united  together  in  the  two  directions. 

Fig.  37. 

7     0 


Frai^ents  of  slrincd  elementary  fibres,  showinj?  a  clcavofre  in  opposiie  directions;  mMnifi<p^ 
OtJO  diuincters:— 1.  Longitudinal  cleavage.  The  longitudinal  and  transverse  lines  are  liotn  Mren 
Some  longitudinal  lines  are  darker  and  wider  than  the.  rest,  and  are  not  continuous  from  <uid  to  emi: 
this  rosnlts  from  partial  separation  of  the  fibrilla.*.  6.  Fibrillfe,  separated  from  one  another  by  violracr 
at  the  broken  end  of  the  fibre,  and  marked  by  transverse  lines  equal  in  width  to  tliose  ou  the  fibre 
7.  8.  represent  two  appearances  commonly  presented  by  the  separated  single  fibrillar.  (More  hifrhly 
magnined.)  At  7,  the  borders  and  transverse  lines  arc  all  perfectly  rectilinear,  and  the  included 
spaces  perfectly  rectangular.  At  b,  the  borders  are  scalloped,  the  spaces  bead-like.  "When  nirwt 
distinct  and  definite,  the  fibrilla  presents  the  former  of  these  appearances.— 3.  Transverse  cleavaMte. 
The  longitudinal  lines  are  scarcely  visible.  3.  Incomplete  fracture  followmg  the  opfKMite  sun'aceof 
a  disc,  which  stretches  across  the  interval  and  retains  the  two  fragments  in  connection.  The  edgw 
and  surface  of  this  disc  are  seen  to  be  minutely  granular,  the  granules  corresponding  in  size  to  tli*' 
thickness  of  the  disc,  and  to  the  distance  bctwnen  the  faint  longitudinal  lines.  4.  Another  disc  nearly 
detached.    5.  Detached  disc  more  highly  magnified,  showing  the  sarcous  elements 

All  the  resulting  discs  as  well  as  fibrillae  are  equal  to  one  another  in  size, 
and  contain  an  equal  number  of  particles.  The  same  particles  compose 
both.  To  detach  an  entire  fibrilla  is  to  abstract  a  particle  of  every  disc, 
and  vice  versd.  The  width  of  the  fibre  is  therefore  uniform,  and  is 
equal  to  the  diameter  of  any  one  of  the  discs.  Its  length  is  the  length 
of  any  one  of  its  fibrillae,  and  is  liable  to  the  greatest  variety. 

Miiller,  Schwann,  Lauth,  and  others,  consider,  with  us,  that  the 
cross  stripes  of  the  fibre  are  formed  by  the  apposition  side  by  side  of 
the  dark  points  seen  on  the  separated  fibrillae ;  but  some  believe  these 
stripes  to  be  present  only  on  the  surface  of  the  fibre,  and  to  be  formed 
by  the  spiral  windings  of  a  filament.  Considerable  diversity  of  opin- 
ion also  exists  as  to  the  nature  of  the  alternate  light  and  dark  points 
seen  on  the  individual  fibrillae  ;  some  conceiving  them  to  indicate  a 
single  spiral,  others  a  double  spiral  arrangement;  some  imagining 
them  to  be  minute  zigzag  bendings,  others  indentations,  and  others 
still  that  they  depend  on  the  alteration  of  two  kinds  of  substance. 
On  this  account  we  shall  explain  in  a  few  words  our  reason  for 
adopting  the  view  above  summarily  given.  A  soft  mass  made  up  of 
an  immense  congeries  of  highly  refracting  particles  cannot  but  exhibit 
many  deceptive  appearances  when  viewed  by  transmitted  light,  and 
through  glasses  of  bad  defining  power.  The  slightest  disturbance  of 
its  interior  structure  will  affect  the  refractions,  which  will  thus  be  rea- 
dily made  to  disguise  and  modify  the  true  form  and  arrangement  of  its 
integrant  parts ;  on  which  account  great  care  and  circumspection,  and 
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a  total  freedom  from  bias,  are  requisite  for  an  observer  who  vould 
not  be  misled  to  mistake  appearances  for  realities. 

Iliat  the  stripes  are  not  caused  by  a  structure  distinct  from  the 
fibrilla,  and  present  only  on  the  surface  of  the  fibre,  is  evideat  from 
the  following  facts : 

1.  Thatatransversesectionofafibre  Fig.38. 
shows  it  to  be  solid,  and  not  hollow;          , 
and  that  the  ends  of  fibrillje,  as  seen        *! 
on  the  section,  exist  throughout  its  inte- 
rior just  as  on  its  surface  (fig.  38], 

2.  That  fibrillse  taken  from  any  part 
of  a  fibre  are  marked  with  light  and 
dark  points,  corresponding  in  distance 
and  force  with  the  transverse  stripes  of 

the  fibre.  TrnnlvrnewoionoflhiMeieinenUry 

3.  That    with    a    high    magnifying  r'J^'^^^^iS"^i^)^'!^d'^iA 
power,  applied   to   a   thick  fibre,  we  S^';™t?;„^'«t™';fd'L?^n".^il: 
may  bring  all  parts  of  its  interior  into  "[-'''g^i^Bbre^ililio  w*"!*  weu'm'ih''' 
focus    in    succession,    and    perceive  ««piii«y  »««ti ., a, ia ihe inicnn*. 
throughout  the  same  kind  of  stripes. 

The  occasional  appearance,  therefore,  of  these  stripes  being  con- 
fined to  the  suriace  is  deceptive.  They  are  sometimes  more  strongly 
marked  there,  partly  because  there  is  a  greater  condensation  of  the 
tissoe  there,  and  partly  from  the  circumstance  of  the  fibre  being  usu- 
ally immersed,  when  examined,  in  a  Quid  of  less  density  than  itself. 
Tliis  appearance  is  always  greatly  diminished  by  placing  the  fibre  in 
syrup.  But  the  point  of  greatest  interest  is  as  to  the  nature  of  the 
mailcings  on  the  individual  fibrillx  or  discs.  It  is  unsafe  to  come  to 
a  conclusion  on  this  question  from  any  appearances  seen  on  the  entire 
fibre ;  for  it  is  clear  that  the  relative  position  of  the  particles  may  be 
very  easily  deranged,  and  their  regularity  broken,  by  the  slightest 
injary  to  the  mass. 

Two  appearances  commonly  present  themselves  in  examining  the 
striped  fibres :  in  some  parts  the  cross  stripes  are  perfectly  rectilinear, 
or,  if  curvilinear,  parallel  in  their  course  ;  in  other  parts,  these  stripes 
do  not  extend  across  the  fibre,  but  are  more  or  less  interrupted, 
ibfiniDg  zigzags  and  enclosing  spaces  of  a  great  variety  of  shape  and 
•ice,  in  concert  with  the  longitudinal  stripes.  In  such  specimens  we 
see  the  semblance  of  spirals  in  almost  infinite  number  and  variety. 
The  former  of  these  appearances  is  most  seen  in  large  fibres,  and 
where  great  care  has  been  used  not  to  drag  the  tissue ;  the  latter 
nnder  the  rererse  circumstances.  The  former  seems  on  ajfrimA/ade 
view  an  onmutilBted,  the  latter  a  deranged  conditioD ;  and  they  may 
be  prored  to  be  so  by  a  furdier  examination. 

For  this  parpose  we  should  make  choice  of  a  fresh  fibre  wbicli  is 
prose  to  separate  into  its  individual  fibrille,  and  which  exhiUts  their 
ondine  in  the  greatest  distinctness  end  beauty.*    If  fibnllc- entirely 
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isolated  be  now  inspected ,  they  will  be  found  to  present  alternate 
light  and  dark  points,  when  the  part  is  a  little  out  of  focus.  The 
light  points  are  the  centres  of  highly  refracting  particles,  acting  as 
lenses ;  the  dark  points,  the  intervals  between  them  (fig.  37,  8).  If 
now  the  focus  be  carefully  adjusted,  and  the  achromatic  condenser 
be  employed  for  the  purpose  of  defining  the  outline  with  the  utmost 
precision,  each  dark  interspace  between  the  refracting  points  will  be 
found  to  be  reduced  to  two  very  slender  straight  lines,  cros^ng  the 
fibrilla  in  a  perfectly  transverse  direction,  and  giving  the  light  spaces, 
as  now  seen,  a  rectangular  figure  (fig.  37,  7).  Now,  it  is  absolutely 
certain  that  no  spiral  arrangement  could  produce,  or  even  co*ezi^ 
with,  these  unequivocal  appearances;  but  it  is  not  difficult  to  compre- 
hend how  a  derangement  of  the  lateral  parallelism  of 
Fig.  39.  these  refracting  particles  should  produce  an  appear- 

ance of  spirals  m  the  fibre,  or  how  two  fibrillae  running 
together,  but  with  their  particles  slightly  deranged, 
should  v(ear  the  same  very  deceptive  aspect. 

In  fig.  39  is  represented  the  border  of  some  fibres, 
firom  which  several  of  the  sarcous  elements  have  been 
removed  accidentally  by  maceration  in  weak  spirit 
The  remaining  ones  project  in  lateral  series,  evincing 
their  adhesion  to  one  another  in  that  direction,  and 
the  non-existence  of  any  spiral  arrangement. 

The  size  of  the  particles  composing  the  fibre  may 
be  measured  in  one  direction  by  the  transverse  stripes 
formed  by  their  union. 

The  following  average,  deduced  from  numerous 
observations,  shows  great  uniformity  in  this  respect. 

£ng.  In.  No.  of  Obsenratioiis. 

In  the  Human  subject ^^j^ 27 

'<  Mammalia  generally xvitrv ^^ 

"Birds T^^^r 7 

"  Reptiles ttJ^^ 7 

"Fish yTJ^^r 20 

"  Insects Tj,V?r 8 

In  the  opposite  direction,  or  that  marked  by  the  distance  between 
the  longitudinal  dark  lines  of  the  fibre,  their  diameter  is  less,  often  by 
one  half.  It  is  important  to  remark,  that  these  measurements  are 
taken  from  uncontracted  specimens,  since  during  contraction  the 
relative  diameters  of  the  particles  are  changed. 

Of  the  sarcolemma. — The  striped  fibre  is  enclosed  in  a  tubular 
sheath  or  sarcolemma^  adapted  to  its  surface,  and  adhering  to  it. 
This  consists  of  a  transparent,  very  delicate,  but  tough  and  elastic 
membrane,  which  isolates  the  ^bre  from  all  other  tissues.  In  gene- 
ral, it  has  no  appearance  of  any  kind  of  structure ;  but  in  the  case  of 
bulky  fibres,  where  it  is  strong  in  proportion,  faint  indications  may 
be  detected  of  a  complex  interweaving  of  filaments  far  too  minute  to 
be  individually  recognized.  It  occasionally  has  small  corpuscles, 
the  remains  of  cell-nuclei,  in  contact  with  it. 


THE  SARCOLEMMA. 


IBI 


This  nembrane  may  be  sometimes  seen  forming  a  transparent 
border  to  the  fibre  beyond  the  limit  of  the  cross  stripes ;  or  it  may 
be  seen  stretching  between  the  separated  fragments  of  a  fibre  which 
has  been  broken  within  it,  for  its  toughness  will  oflen  resist  a  force 


Fig.  40.. 


Fig.  41. 
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before  which  its  brittle  contents  give  way.  If  the  fibre  be  immersed 
in  acid,  it  swells,  often  so  suddenly  as  to  burst  the  sheath  at  nume- 
rous places,  and  protrude  in  the  form  of  small  hernite.  These  her- 
nis  are  veiy  peculiar  and  illustrate  the  account  already  given  of  the 
internal  composition  of  the  fibre ;  for  the  particles  of  the  protruded 
mass  are  necessarily  deranged,  and  tbeir  lateral  parallelism  destroyed. 
Now,  the  result  of  this  is  the  production  of  the  most  beautiful  and 
Tsried  curves,  intersecting  one  another,  very  similar  to  those  already 
spoken  of  on  the  injured  fibre,  and  wearing  a  very  plausible  aspect 
of  spirals  (fig.  41).  Again,  the  sarcolemma  may  be  seen  raised  in 
the  form  of  vesicles  from  the  surface  of  the  fibre,  in  certain  states  of 
contraction  in  water,  which  will  be  reverted  to.  By  one  or  more  of 
these  modes  of  demonstration,  we  know  that  this  isolator  of  the 
sarcous  tissue  invests  the  striped  elementary  fibre  of  voluntary  muscle 
in  all  animals.     Its  existence  is  as  yet  doubtful  in  the  heart. 

Every  fibre  is  attached  by  its  extremities  to  fibrous  tissue,  or  to 
some  tissue  analogous  to  it;  but  an  accurate  examination  of  this 
difficult  subject  lends  no  countenance  to  the  ordinarily  received 
opinion,  that  this  tissue  is  prolonged  over  the  whole  fibre  from  end  to 

Fig.  43. 
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end,  as  its  cellular  sheath;  nor  is  this  view  reconcilable  with  tbe 
physical  requirements  of  the  case.  It  is  extremely  difficult  to  iso- 
late a  muscular  fibre,  with  the  tendinous  fibrills  pertaining  to  it, 
either  in  mammalia  or  birds;  but  this  maybe  occasionally  accom- 
plished in  fishes,  and  in  certain  muscles  of  insects.  In  these  exao- 
ples,  the  minute  detachment  of  the 
fig-  43.  fibrous  tissue  may  be  seen  to  pan, 

and  to  become  attached  to  the 
truncated  extremity  of  the  fibre. 
The  fibre  ends  by  a  perfect  diic, 
and  with  the  whole  surface  of 
this  disc  the  tendon  is  connected 
and  continuous.  The  sarcolemmi 
ceases  abruptly  at  the  circumfler- 
ence  of  the  terminal  disc,  and  here 
some  small  part  of  the  tendiiwu 

.,„.-  .^  „-v -..      material  appears  to  be  joined  to  it. 

dceppi  poniont  of  ihe  •petiinrn  into  form.     In  other  C3ses,  where  the  muscle 

ulonglhc  line  of  union- o-  a.,  fnah  trndmouB       ,     -        t      i  i-         i      .  \ 

»ii>y  HimiiKmx  and  Mriitcd  niiKniDr  fiBcis  IS  fixed  ooliquely  to  a  membranooi 
Kii""  ""^  "'^""''  '■  ''""*■'■  "■  surface,  each  fibre  is  obliquely 
truncated  at  its  extremity,  at  an 
angle  determined  by  the  inclination  of  its  axis ;  instances  of  whidi 
may  be  seen  among  the  cruslacea,  and  elsewhere. 

The  researches  of  Valentin  and  Schwann  have  shown  that  a  mnxle 

consists,  in  the  earliest  stage,  of  a  mass  of  nucleated  cells,  which  first 

arrange  themselves  in  a  linear  series,  with  more  or  less  regularity,  and 

then  unite  to  constitute  the  elementary  fibres.     As  this  process  of  the 

Fig.  44. 
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union  of  the  cells  is  going  forward,  a  deposit  of  contractile  material 
gradually  takes  place  within  them,  commencing  on  the  inner  suriace, 
and  advancing  towards  the  centre,  till  the  whole  is  solidified.    Tbe 
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iition  occurs  in  granules,  vhich,  as  they  come  into  view,  are 
to  be  disposed  in  the  utmost  order,  according  to  the  two  direc- 
already  specified.  These  granules,  or  sarcous  elements,  being 
5  same  size  as  in  the  perfect  muscle,  the  transverse  stripes 
ing  from  their  opposition  are  of  the  same  width  as  in  the  adult ; 
IS  they  are  very  few  in  number,  the  fibres  which  they  compose 
;  corresponding  tenuity.  From  the  very  first  moment  of  their 
tion,  these  granules  are  parts  of  a  mass,  and  not  independent  of 
DOther ;  for,  as  soon  as  solid  matter  is  deposited  in  the  cells,  faint 
itions  of  a  regular  arrangement  in  granules  are  usually  to  be  met 

It  is  common  for  the  longitudinal  lines  to  become  well-defined 
i  the  transverse  ones.     When  both  are  become  strongly  marked, 
ilways  the  case  at  birth,  the  nuclei  of  the  cells,  which  were  be- 
isible,  disappear  from  view,  being  shrouded  by  the  dark  shadows 
d  by  the  multitudinous  refractions  of  the  light  transmitted  through 
ass  of  granules :  but  they  can  still  be  shown  to  exist  in  the  per- 
bre,  in  all  animals,  and  at  all  periods  of  life,  by  immersion  in  a 
acid :  which,  while  it  swells  the  fibrous  material  of  the  granules, 
bliterates  their  intervening  lines,  has  no  action  on  the  nuclei. 
?8e  nuclei  in  insects  are  arranged,  in  the  early  con- 
of  the  fibre,  as  a  single  or  double  series  along  the      P^S*  45. 
ig.  45);  and,  in  the  adult  state,  they  retain  the 
position  (fig.  42).     In  vertebrate  animals  they  are 
red  more  irregularly,  but  at  pretty  equal  distances 
rhdut  the  mass  in  both  foetal  and  adult  conditions. 
I  fully  formed  fibre,  if  it  be  large,  they  lie  at  various 
I  within  it ;  but,  if  small,  they  are  at  or  near  the  sur- 

They  are  oval  and  flat,  and  of  so  little  substance, 
lough  many  times  larger  than  the  sarcous  elements, 
ing  amongst  them,  they  do  not  interfere  with  their 
1  apposition  and  union.     These  corpuscles  are  fre- 
y  the  cause  of  irregular  longitudinal  dark  streaks,   fib^^^^^ 
n  the  fibre  by  transmitted  light.     They  usually  con-    ^J^fjJ}*^  ^^ 
ome  central  granules  or  nucleoli.     It  is  doubtful   aneariyataire 
er  the  identical  corpuscles,  originally  present,  remain    mentl^show' 
fh  life,  or  whether  successive   crops  advance  and   {"£  'row*''?? 
during  the  progress  of  growth  and  nutrition :  but  it   jyP^-jJljjjjj 
ain,  that  as  development  proceeds,  fresh  corpuscles   diuu. 
iposited,  since  their  absolute  number  is  far  greater  in 
ult  than  in  the  foetus,  while  their  number  relatively  to  the  bulk 
fibre,  at  these  two  epochs,  remains  nearly  the  same, 
scles  grow  by  an  increase,  not  of  the  number,  but  of  the  bulk 
ir  elementary  fibres :  there  is  reason  to  believe  that  the  number 
'es  remains  through  life  as  it  was  in  the  foetus,  and  that  the 
or  muscular  build  of  the  individual  is  determined  by  the  mould 
ich  his  body  was  originally  cast. 

the  unstriped  fibres, — This  variety  possesses  less  interest  than 
tier,  in  consequence  of  the  apparent  simplicity  of  its  structure, 
ibres  consist  of  flattened  bands,  generally  of  a  pale  colour, 
I  at  frequent  intervals  by  elongated  corpuscles,  similar  to  those 
1 
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of  Striped  mnscle  and  capab)«  of  twag 

displayed  by  the  same  proce«.'    The 

texture  of  these  fibres  teeoM  to  be  ho- 

mogeneouB.    By  traosinitted  light,  Ibn 

have  usually  a  soft,  very  fine)j  mottlad 

aspect,  and  without  a  darkly-diaded 

.  ^  SITHHI  14       border.     Sometimes  the  mottfiogisia 

\      H         111:1101  f      decided  as  to  appear  ennalar,  aod  oe- 

'      n       fiilrrllH  1      casionally  these  graniues  at*  arrai^ 

in  a  lioear  series  for  some  diatancc. 

This  condition  is  probably  an  appnaeh 

towards  the  structure  of  the  atriped  fibrs, 

I  I        I         I    ]^iA    \ '      for  these  granules  are  about  the  size  of 

IB       I        I    I  Iju  ^       the  sarcous  elements  slresdy  deaeribsd. 

V  I       I         n  fni  It  >s  generally  to  be  seen  more  or  lesi 

distinctly  in  the  gizzards  of  birds;  and 

may  be  now  antT  then  met  with  in  the 

fresh  muscle  of  the  stomach,  intestiaal 

canal,  urinary  bladder,  and   uterus  of 

mammalia.     The  ordinary  diameter  of 

the  anstriped  fibre  is  from  jjti  to  i^ 

__^ ^^ of  an  inch. 

~°  ^'  It  might  be  expected,  from  this  as* 

count  of  the  appearance  of  these  fibres,  that  their  discrimination  fn» 
other  tissues  would  be  often  difficult.  The  peculiar  texture,  however, 
the  size,  the  soft  margin,  and,  above  all,  the  presence  of  numerooi 
elon^ted  oval  corpuscles  with  two  or  three  granules  near  their  centre, 
are  ^aracten  which,  when  united,  will  seldom  be  mistakes.  As  a 
number  of  fibres  commonly  take  a  parallel  course  together,  the  bulg> 
ings  occasioned  by  the  corpuscles  give  rise  to  partial  loneitudiul 
shadows,  extending  for  some  way  beyond  the  corpuscles  in  the  inter- 
vals  of  the  fibres.  As  these  irregular  lon^tudinal  shadows  occur 
pretty  uniformly  throughout  a  bundle  of  fibres,  and  as  some  of  then 
are  necessarily  out  of  focus,  while  others  are  in  focus,  the  whole 
mass  commonly  presents  a  confused  reticulated  appearance,  which 
has  given  rise  to  an  almost  universal  notion  that  the  fibres  interiace 
one  with  another.  This  idea,  however,  is,  in  most  cases  erroneous. 
It  is  doubtful  whether  these  fibres  are  invested  by  a  sarcolemma:  none 
has  hitherto  been  detected  in  an  unequivocal  manner.  It  is  also  still 
a  matter  of  speculation  how  they  terminate,  or  whether  they  in  all 
instances  have  a  termination.  In  the  case  of  the  transverse  fibres  of 
the  intestine,  for  example,  it  is  unceitain  whether  each  fibre  sur- 
rounds the  canal  once,  returning  into  itself  as  a  ring,  or  more  flian 
once,  as  a  spiral ;  or  whether  it  passes  only  partially  round  it,  the 
circle  being  completed  by  others.  Whether  the  areolar  tissue  (the 
representative  of  the  fibrous),  that  is  found  in  connection  with  these 
fibres,  serves  to  give  them  an  attachment,  by  union  with  their  extre- 
mities, or  by  involving  them  in  its  meshes,  is  also  altogether  unknown. 
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the  gizzard  of  the  bird,  the  ends  of  the  fibres  are  united  to  white 
rous  tissue,  thus  making  an  approximation  to  the  striped  fibre,  as 
ST  do  in  colour.  But  we  have  not  been  able,  after  diligent  search, 
detect  the  true  transverse  stripes,  which  Ficinus  describes  to  exist 
this  organ. 

Of  the  distribution  of  the  two  varieties  of  fibre  in  the  body, — The 
iped  fibre  is  met  with  in  all  muscles  of  the  body  whose  action  can 
directly  influenced  by  the  will,  and  also  in  those  of  the  pharynx, 
5  cesophagus,  and  the  heart.  In  the  oesophagus  it  seems  to  be  min- 
ed with  the  other  variety  to  a  somewhat  uncertain  extent.  In  some 
erimens  from  the  human  subject  we  have  failed  in  detecting  any 
the  lower  half  of  that  tube,  either  in  the  circular  or  longitudinal 
per;  but  in  another  example  we  have  found  them  to  within  an  inch 
the  stomach.*  It  is  still  unknown  in  what  manner  the  two  kinds 
fibre  are  arranged  at  their  point  of  junction:  some  supposing  them 
be  intermingled  ;  others,  that  they  pass  into  one  another  by  imper- 
pCible  gradations  of  structure.  The  former  of  these  views  is  the  more 
coidant  with  our  own  observations ;  and  Mr.  Mayo  mentions  a  fact, 
kich  seems  to  corroborate  it :  ''  When  the  nervi  vagi  are  pinched,  one 
dden  action  of  the  fibres  of  the  oesophagus  ensues,  and,  presently 
fcer,  a  second,  of  a  slower  character,  may  be  observed  to  take  place." 
*kjfsiologyj  3d  ed.  p.  41.)  The  characters  of  these  movements 
ndd  appear  to  indicate  the  existence  of  both  varieties  of  fibre. 
The  cross  stripes  on  the  fibres  of  the  heart  are  not  usually  so 
j;iilar,  or  distinct,  as  in  those  of  the  voluntary  muscles.  They  are 
;en  interrupted,  or  even  not  visible  at  all.  In  some  of  the  lower 
imals  their  sarcous  elements  never  form  transverse  stripes.  These 
les  are  usually  smaller  than  the  average  diameter  of  those  of  the 
liintary  muscles  of  the  same  subject  by  two-thirds,  as  stated  by 
r.  Skey ;  and  in  most  parts  of  the  parietes  of  this  viscus  they  are 
I  aggregated  in  parallel  sets,  but  twine  and  change  their  relative 
ntion.  This  may  be  seen  in  a  well-boiled  heart.  Striped  fibres 
▼e  been  found  in  the  iris,  in  the  small  muscles  of  the  ear,  and  in 
Me  muscular  fasciculi  that  surround  the  urethra  immediately  in 
ot  of  the  prostate.  They  are  also  found  in  the  sphincters  of  the 
OS  and  va*gina. 

The  unstriped  fibre  is  met  with  in  the  alimentary  canal,  and  con- 
tates  the  double  layer  investing  that  tube.  It  also  forms  the  mus- 
lar  coat  of  the  bladder,  and  that  of  the  uterus.  The  dartos  owes 
contractility  to  the  presence  of  fibres  of  this  variety ;  which,  in 
Bsequence  of  their  admixture  with  a  great  abundance  of  areolar 
sae,  have  been  often  overlooked.  But  they  may  be  detected  by 
t  addition  of  acetic  acid,  which,  by  bringing  into  view  the  peculiar 

Sposcles  they  contain,  distinguishes  them  from  both  the  white  and 
ow  fibrous]  elements  of  the  areolar  tissue.  A  very  distinct  peri* 
dtic  contraction  may  be  often  discerned  in  the  dartos,  extending 
ross  the  raph6  of  the  scrotum,  and  too  similar  to  the  contraction  of 
striped  muscle  to  be  mistaken. 

^  Among  the  lower  animals,  Mr.  Galliver  has  pointed  out  similar  varieties.    (Pro- 
id.  of  ZooL  Soc,  No.  81.)    (See  also  Lancet,  Aag.  1842.) 
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The  fibres  which  have  been  described  as  peculiar  to  the  dartos 
seem  to  be  nothing  more  than  a  certain  modification  of  the  areolar 
tissue  in  that  region.  The  erection  of  the  penis  may  be,  in  part, 
owing  to  the  compression  exerted  on  the  superficial  yeins  of  the 
organ  by  a  continuation  of  a  structure  analogous  to  the  dartos,  which 
is  continued  over  the  base  of  the  penis  under  the  skin.  The  erection 
of  the  nipple  also  occurs,  on  any  mechanical  irritation,  with  a  motion 
so  very  like  muscular  contraction,  that  a  layer  of  these  might  per- 
haps be  found  under  the  skin  of  that  region.  And  it  may  be  matter 
of  question  how  far  the  general  contractility  of  the  skin  may  be  de* 
pendent  on  a  diffusion  of  this  tissue,  in  small  quantities,  throughout  its 
areolar  structure.  The  excretory  ducts  of  all  the  larger  glands  seem 
to  possess  a  covering  of  fibres  pertaining  to  this  variety:  such  is  die 
case  with  the  ductus  choledochus  in  birds,  and  probably  in  mammalia, 
and  with  the  ureters  and  vasa  deferentia.  The  bronchial  tubes  maj 
be  here  alluded  to  in  their  capacity  of  an  excretory  apparatus,  as 
furnishing  the  best  marked  example  of  this  arrangement.  The 
trachealis  muscle  consists  evidently  of  the  unstriped  fibres,  and  the 
same  may  be  traced  down  the  bronchial  ramifications  as  far  as  the 
air-cells  themselves,  though  not  into  them.  The  distinctive  charac^ 
ters  of  this  form  of  muscle  may  here  be  unequivocally  discerned ;  and, 
if  anatomists  had  been  better  acquainted  with  them,  there  would  not 
have  been  room  for  those  disputes  regarding  the  muscularity  of  the 
bronchial  tubes  which  have  so  long  attracted  the  interest  of  practical 
physicians.  Recently,  indeed,  there  has  been  added  to  the  satisfac- 
tory evidence  of  anatomy  the  fact,  that  these  fibres  may  be  excited  to 
contraction  by  the  galvanic  stimulus.  {Dr.  C,  J.  Williams^  wi  Dis- 
eases of  the  Chest.  Last  edit.  Appendix.)  In  the  case  of  other 
glands,  it  is  still  unknown  how  far  the  muscular  coat  invests  the 
ramifications  of  the  duct :  it  is  most  likely  that  it  gradually  ceases  a 
short  way  within  the  organ,  and  at  least  it  seems  clear  that  no  portion 
of  the  secreting  membrane  itself  is  ever  invested  by  it. 


Distribution  of  the  two  kinds  of  fibre  in  the  animal  scale. 

The  striped  fibres  have  been  found  in  all  vertebraled  animals,  and  in  insects, 
Crustacea,  cirropod!=«,  and  arachnida:  and  future  researches  will  probably  show 
them  to  be  even  more  extensively  diffused.  But  in  the  lower  animals  we  find 
that  the  distinctive  characters  of  the  two  varieties  begin  to  merge  together  and  be 
lost;  especially  where  the  fibres  are  of  diminutive  size.  The  transverse  stripes 
grow  irregular,  not  parallel,  interrupted;  a  fibre  will,  perhaps,  possess  them  only 
near  its  centre,  where  its  development  is  most  advanced,  and  its  coatractile 
energy  greatest.  Even  the  peculiarities  of  the  unstriped  fibre  are  sometimes  no 
longer  to  be  met  with  in  parts  which  are  undoubtedly  muscular,  as  the  alimentary 
canal  of  small  insects.  It  is  evident  that  fibres  of  the  usual  bulk  would  be  greatly 
too  large  for  the  requirements  of  the  case ;  and  they  consequently  seem  to  be 
reduced  within  limits  which  deprive  them  of  those  anatomical  characters  by 
which  alone  we  can  elsewhere  positively  aver  their  existence.  It  is  possible  that 
a  tissue  identical  in  nature  and  properties  with  that  of  striped  muscle,  may  be  the 
nfft'cfive  agent  to  which  are  due  those  wonderfully  vivacious  movements  witnessed 
in  the  bodies  of  many  of  the  minutest  infusoria,  where  the  best  microscope  can 
hardly  discem  even  the  organs  put  in  motion. 
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Each  one  of  the  elementary  fibres  now  described  may  be  properly 
regarded  as  a  distinct  and  perfect  or^an.  In  some  of  the  smaller 
forms  of  animal  life,  we  have  examples  of  a  striped  muscle  consisting 
of  a  singUJibre;  and  not  only  so,  but  this  fibre  reduced  to  a  single 
series  of  sarcous  elements,  or  ?Ljibrilla.  But  in  all  the  larger  animals, 
and  in  the  human  body,  with  which  we  are  specially  concerned,  soli- 
tary fibres  never  occur:  they  are  always  aggregated  in  parallel  series 
of  greater  or  smaller  size,  and  associated  with  other  tissues,  which 
minister  to  their  nutrition,  or  to  their  mechanical  connection  either  to 
one  another  or  to  neighbouring  parts.  Thus  the  compound  organs 
termed  muscles  are  formed. 

In  these,  the  angular  figure  of  the  fibres  results  from  their  contact. 
The  sets  in  which  they  are  packed  usually  contain  ten,  twenty,  thirty, 
or  more;  these  again  being  united  into  larger  sets,  and  so  on,  so  as  to 
form  the  variously  sized /hscicu/i  and  lacerti  of  Prochaska  and  others, 
until  the  whole  muscle  is  formed,  consisting,  it  may  be,  of  very  many 
thousands.  Though  the  fibres  of  a  small  set  are  always  parallel,  and 
the  primary  sets  usually  so,  it  often  happens  that  the  larger  sets  are 
placed  obliquely  to  one  another,  and  therefore  do  not  act  in  the  same 
direction ;  and,  even  when  all  are  parallel  to  one  another,  they  are  often 
oblique  to  the  cord  or  tendon  their  force  acts  upon.  Such  muscles 
are  styled  doubly  or  singly  pennifomty  from  their  resemblance  to  the 
plume  on  a  writing-quill.  All  such  arrangements,  infinitely  varied, 
are  mechanical  contrivances  by  which  symmetry  of  form,  or  extent  of 
motion,  is  obtained  at  the  expense  of  power. 

White  fibrous  tissue  reaching  from  the  end  of  a  muscular  fibre  to 
some  structure  which  is  to  serve  as  a  fixed  attachment  for  it,  or  which 
it  is  intended  to  move,  is  called  a  tendon.  The  fibrous  tissue  thus 
running  from  many  contiguous  fibres  (as  those  of  a  whole  muscle)  is 
osoally  united  into  a  single  tendon.  This  may  be  lamellated,  cordi- 
form,  &c.,  according  to  the  arrangement  of  the  muscular  fibres  them- 
selves (see  p.  81). 

Tendinous  fibres  are  much  less  bulky  than  the  muscular  fibres  of 
which  they  are  the  prolongation ;  and  from  this  result  many  conse- 
quences. Tendons  are  employed  for  symmetry,  and  where  muscular 
structure  would  be  useless,  from  the  mechanical  impossibility  of  more 
than  a  certain  amount  of  motion  in  a  part.  Moreover,  where  a  muscle 
consisting  of  a  large  number  of  fibres  has  to  be  attached  to  a  large  sur- 
face, the  tendinous  fibres  are  diffused ;  but,  if  the  same  muscular  sub- 
stance has  to  be  fixed  to  a  small  point  of  bone,  the  tendon  must  be 
collected  into  a  cord.  Now,  it  would  be  impossible  for  all  these 
muscular  fibres  to  be  attached  to  the  tendinous  ones  on  the  same 
level,  on  account  of  the  great  difference  in  bulk  between  the  two 
structures.  Hence,  in  such  cases,  we  find  the  muscular  fibres  to  end 
in  tendon  in  regular  progression  one  after  the  other,  and  the  tendon 
at  its  muscular  extremity  to  be  expanded,  some  of  its  fibres  being 
long,  others  short.  And  yet  the  inconvenience  which  would  ensue 
from  the  muscular  fibres  being  of  unequal  length  in  the  same  organ, 
is  counteracted  by  the  tendon  at  their  other  extremity  having  its  fibres 
precisely  reversed;  as  in  the  rectus  of  the  thigh,  and  numerous  other 
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instances.  "Where  muscular  fibres  are  really  of  diSerent  lengths  in  a 
muscle,  it  is  because,  from  the  direction  in  which  they  act,  they  ha?e 
to  shorten  to  different  degrees.  Thus,  in  the  square  pronator  of  the 
fore-arm,  the  deeper  and  shorter  fibres  are  attached  to  a  part  of  the 
radius,  which  in  pronation  passes  through  a  much  smaller  space  than 
that  to  which  the  superficial  and  longer  fibres  are  fixed ;  and  under  the 
innumerable  modifications  of  muscular  form  in  man  and  animals,  how- 
ever force  is  sacrificed  to  mechanical  exigencies,  or  other  causes,  it 
is  invariably  accomplished  with  the  utmost  economy  of  power  con- 
sistently with  the  end  in  view  ;  there  is  never  any  waste,  never  anj 
force  provided  which  is  not  wanted. 

Where  a  great  mass  of  fibrous  tissue  runs  into  a  muscle,  the  Dum- 
ber and  obliquity  of  the  muscular  fibres  are  very  much  increased, 
while  the  length  of  each  is  diminished  ;  and,  as  a  general  result,  the 
power  of  such  a  muscle  is  great,  the  extent  of  its  contractions  com- 
paratively limited. 

A  given  mass  of  contractile  material  may  be  arranged  as  a  few  long 
fibres  (as  in  the  sartorius),  or  as  many  short  ones  (as  in  the  masseter): 
its  contractions  would,  in  the  former  case,  be  characterized  by  their 
extent ;  in  the  latter,  by  their  power :  for,  cceteris  paribus^  the  extent 
is  as  the  length,  the  power  as  the  thickness. 

The  terms  origin  and  insertion  are  employed  with  great  convenience 
in  ordinary  language  to  denote  the  more  fixed  and  the  more  movable 
attachments  of  muscles.  In  human  anatomy  general  consent  has 
sanctioned  their  use,  and  even  with  few  exceptions  their  particular 
application  to  each  muscle  in  the  body ;  although  this  assignment  is 
in  many  cases  arbitrary,  in  consequence  of  its  being  impossible  to  de- 
termine which  attachment  is  the  more  frequently  the  fixed  one. 

The  arrangement  of  the  fibres  in  the  Iieart  is  very  peculiar.  With- 
out attempting  a  particular  account  of  their  course,  we  may  state  that 
they  do  not  preserve  the  same  parallelism,  nor  extend  straight  be- 
tween two  points,  as  in  the  voluntary  muscles,  but  twine  round  one 
another,  and  around  the  organ,  in  a  very  intricate  and  more  or  less 
spiral  figure.  Most  of  them  come  from  the  tendinous  cord  encircling 
the  orifices  of  the  ventricles,  and,  af\er  winding  through  their  walls, 
return  either  to  some  part  of  the  same  circle  of  tendon,  or  end  as  one 
sort  of  columnae  carneae  in  the  ventricles  by  union  with  the  chords 
tendinese. 

In  the  muscular  coat  of  the  alimentary  canal,  of  the  bladder  and 
uterus,  the  unstriped  fibres  are  disposed,  as  in  the  heart,  so  as  to 
enclose  a  cavity,  but  without  having,  as  in  that  organ,  any  point  at 
which  they  can  be  said  to  commence  or  terminate.  In  the  alimentary 
tube  they  are  arranged  in  two  laminae,  the  respective  fibres  of  which 
take  a  course  at  right  angles  to  each  other.  In  the  bladder  the  ar- 
rangement is  reticulate.  The  elementary  fibres  form  sets  of  variable 
thickness,  which  at  numerous  points  send  off  detachments  to  join 
neighbouring  bundles,  whence  has  sprung  the  notion  that  the  fibres 
are  branched.  It  is  manifestly,  however,  the  sets  of  them  only  that 
are  branched  ;  the  unstriped,  like  the  striped  fibres,  being  invariably 
simple  from  end  to  end.     In  the  uterus  the  disposition  of  the  fibres  is 
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essentially  similar,  calculated  to  allow  of  great  variety  in  the  capacity 
of  the  cavity  they  encircle. 

Of  the  areolar  tissue  of  muscles. — This  tissue  is  much  more  abun- 
dant in  the  voluntary  than  in  the  involuntary  muscles.  To  the 
former  it  gives  an  external  investment,  which  sends  septa  into  the 
intervals  between  the  larger  and  smaller  packets  of  fibres,  and  thus 
enables  them  to  move  in  some  degree  independently  of  one  another. 
The  density  of  these  general  and  partial  sheaths  is  proportioned  to 
tfie  amount  of  pressure  to  which  the  organ  may  be  subject,  as  is  ex- 
emplified in  the  superficial  muscles  of  the  back,  and  in  those  super- 
ficial muscles  generally  where  a  fibrous  aponeurosis  does  not  exist. 
The  areolar  tissue  does  not  usually  clothe  every  individual  fibre  from 
end  to  end,  giving  it  a  cellular  sheath,  except  in  cases  where  the 
elementary  fibres  are  of  large  dimensions.  The  areolar  tissue,  besides 
aflbrding  protection  to  the  muscularfibres,  admits  of  motions  between 
them ;  and,  by  forming  a  connecting  bond  between  neighbouring 
bundles,  it  must  also  serve  the  important  office  of  limiting  undue 
motions  of  one  part  of  a  muscle  on  another  part.  But  a  principal  use 
of  it  appears  to  be  that  of  furnishing  a  resisting  nidus  in  which  the 
delicate  vessels  and  nerves  can  traverse  the  interstices  of  the  fibres, 
and  by  which  they  can  be  protected  from  hurtful  dragging  during  the 
ooequal  and  oscillating  movements  of  the  fibres  of  a  voluntary  muscle 
ia  its  state  of  activity.  This  idea  is  supported  by  the  fact  that  scarcely 
any  areolar  tissue  exists  in  the  heart,  or  in  the  unstriped  muscles 
generally.  In  the  heart,  though  the  contraction  is  powerful,  it  is 
instantaneous,  or  nearly  so,  and  therefore  probably  more  uniformly  dif- 
fosed,  so  that  neighbouring  fibres  must  be  less  moved  on  one  another 
thin  in  the  more  sustained  contraction  of  a  voluntary  muscle.  More- 
over, the  mutual  intertwining  of  even  the  elementary  fibres  in  this 
organ  is  in  many  parts  of  it* so  intricate,  as  to  contribute  much  to  their 
mutual  support;  and,  in  the  other  involuntary  muscles,  the  contrac- 
tions are  slowly  and  evenly  progressive  along  the  fibres  of  the  same 
•el. 

Of  the  blood-vessels  of  muscles, — The  arteries  and  veins  of  muscles 
commonly  run  together;  and  most  of  the  arterial  branches,  to  within 
two  removes  from  the  capillaries,  are  accompanied  by  two  vena 
camUes,  They  invariably  pass  more  or  less  across  the  direction  of 
the  fibres,  divide  and  subdivide,  first  in  the  intervals  between  the 
larger  sets,  then  between  the  smaller  sets,  till  the  ultimate  twigs  in- 
anaate  themselves  between  the  fibres  composing  the  smallest  bundles, 
and  break  up  into  their  capillary  terminations.  In  this  course  the 
vessels  supply  the  areolar  tissue,  their  own  coats,  and  the  attendant 
nerves.  The  capillary  plexus  of  the  areolar  membrane  consists  of 
irregular  but  pretty  equal-sized  meshes,  and  contrasts  strongly  with 
that  of  the  muscular  tissue  itself. 

The  proper  capillaries  of  muscle  are  quite  characteristic  in  their 
arrangement,  so  that  a  person,  who  has  once  seen  them,  can  never 
afterwards  mistake  them.  They  consist  of  longitudinal  and  transverse 
vessels:  the  longitudinal  always  following  the  course  of  the  element- 
ary fibres,  and  lying  in  the  intervals  between  them ;  the  transverse 
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being  short  communicatioDs  placed  at  nearly  equal  distances  between 
the  longitudinal  ones,  and  crossing  nearly,  or  quite,  transversely  OTCt 
or  under  the  fibres.  The  manner  in  which  the  longitudinal  veath 
are  placed  in  relation  to  the  fibres,  is  seen  in  fig.  36,  represeDted 
as  they  are  seen  on  a  transverse  section.  They  nsuallT  occupy  the 
interstice  between  three  or  more  fibres,  but  sometimes  also  the  sptce 
between  the  contiguous  surfaces  of  two  fibres.  The  length  of  the  lom- 
tudinal  vessels  does  not  usually  exceed  the  twentieth  of  an  inch;  la 
other  words,  the  terminal  twigs  of  the  artery  and  vein  pertaining  to 
the  same  capillary  are  seldom  further  than  that  apart.  The  length  <rf 
the  transverse  anastomosing  capillaries  necessarily  varies  widi  the 
thickness  of  the  fibres  over  which  they  pass  (fig.  36,  b,  a). 

The  diameter  of  the  capillaries  of  muscle  varies,  like  that  of  others, 
with  the  size  of  the  blood-panicles  of  the  animal.     It  is,  however, 
only  just  sufficient  to  allow  of  the  particles  to  pass.     If  a  fragment  of 
a  frog's  muscle,  perfectly  fresh,  be  examined, 
Fig.  47.  series  of  blood-particles  will  be  seen  in  dK 

longitudinal  capillaries.  These  particles  ue 
compressed  and  elongated,  sometimes  to  a 
great  extent,  evidently  by  the  narrowness  of 
the  canal  which  contains  them.  It  may  seem 
at  first  sight  not  doubtful  that  in  the  Uviog 
creature  these  elastic  blood-discs  are  similiih 
elongated  in  their  passage  through  the  veiseli 
of  muscle,  but  the  admirable  researches  of 
Poiseuille  will  perhaps  serve  to  explain  this 
appearance  without  our  being  driven  to  sap- 
pose  the  presence  of  so  formidablean  obiti- 
cle  to  the  capillary  circulation  through  these 
organs.  It  is  more  probable  that  the  god- 
Iraction  of  the  vessels,  and  the  compression 
of  the  blood-discs,  occur  on  the  escape  of 
some  of  their  contents  being  permitted  by 
the  cutting  off"  of  Ihe  fragment  for  microsco- 
pic examination.  The  coats  oftbe  capillaries 
of  muscle  consist  of  a  simple  diaphanous 
membrane,  in  which  a  few  irregular- shaped 
cytoblasts  occur  at  infrequent  intervals. 

It  results  from  this  description  of  the  capil- 
laries of  muscle,  that  their  number  must  cor- 
respond nearly  to  that  of  the  elementary  fibres; 
consequently,  that  the  same  amount  of  mu»- 
»o?'m*™urVi're''fm?S''"c'  cular  lissue,  arranged  as  a  large  number  of 
^?*^Mi'rBJS''~r  Temlinlu  ^"'^"  fibres,  woutd  be  supplied  with  a  larger 
urif  at lu'lrm.' p.  v\™a™{  absolute  number  of  capillaries  than  if  ar- 
'■'bdw'i'he''reiki!^"''tfL  »"i  ranged  as  a  small  number  of  large  fibres. 
l4^ui»"ri'..i.^ ?^  'npli«niB.J  '^'•'^  difference  of  vascular  supply  is  exceed- 
wdinribuKd.  ingly  remarkable,  and  will  be  reverted  to  in 

considering  the  conlractijily  of  muscle. 
0/"  the  nerves  of  muscle. — Nerves  being  the  appropriate  cbaoDel 
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b  which  muscles  are  excited  to  contraction,  ve  hare  now  to 

'.   into   the  manner   in  which   the  two  tissues  communicate 

?r.     As  far  as  is  at  present  known,  all  muscles  in  the  larger 

■  have  nerves  distributed  to  them;  and,  if  we  extend  the  in- 

>  those  extremely  simple  and  minute  muscles  which  hare  been 

'  alluded  to  as  existing  in  the  smallest  of  living  creatures, 
ire  can  no  longer  trace  nerves,  yet  our  inability  to  do  so  pro- 

lepends  more  on  a  corresponding  simplicity  of  the  nervous  sub- 

itaelf,  so  that  it  ceases  to  be  anatomically  recognizable,  than 

iotire  absence.  So  general  Is  the  connection  of  the  two  tissues, 
apparently  indispensable  for  the  subjection  of  the  muscles  to 

■poses  of  the  organism  of  which  they  constitute  a  part,  that  we 

gard  it  as  constant  and  necessary. 

distribution  of  the  nerves  through  muscular  structures  has 
been  a  subject  of  great  interest  to  those  who  looked  to  this 
inquiry  for  some  clue  to  the  explanation,  either  of  that  won- 

utive  connection  subsisting  between  them,  or  of  the  nature  of 

itractile  act  itself.     But  though  the  anatomical  results  accruing 

18  inquiry  are  of  a  highly  satisfactory  kind,  considered  in  them- 

alone,  yet  they  cannot  be  said  to  hare  hitherto  contributed  in 

■at  degree  to  the  elucidation  of  these  mysterious  questions. 

4t  mode  of  inspecting  the  arrangement  of  the  ultimate  nervous 

%t  to  select  a  very  thin  muscle,  as  one  of  the  abdominal  mus- 

any  small  animal,  or  one  of  the  muscles  of  the  eye  of  a  small 

•  ■teep  it  in  weak  acetic  acid, 

en  to  thin  it  out  under  the  ^V-  *^ 

norium.     The  primitive  tu- 

>f  the  nerve  may  then   be 
distinguished  with  a  mode- 

ligh  power.     They  separate 

ne   another  at  first  in  sets, 

rds  in  twos,  threes,  or  fours ; 

these  be  followed,  they  will 

id  ultimately  separating  from 

lOther,  forming  arches,  and 

ng  either  to  the  same  bundle 

bich  they  set  out,  or  to  some 

oaring  one  (fig.  48). 

is  loop-hke  course  they  ac- 

ly  to  some  extent  the  minute 

ressels,  but  do  not  accurately 

them  in  their  last  windings, 

idr  distribution  is  in  a  difier- 

ire.     They  pass  among  the 

f  the  muscle,  and  touch  the 

oma  as  they  pass;  but,  as  far 

tat  researches  have  informed 

y  are  entirely  precluded  by 

ncture  from  all  contact  with  the  contractile  material,  and  from 

Bediate  intercourse  with  it.     How  then  shall  we  explain  the 
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transmission  of  the  nervous  influence  to  a  material  thus  enclosed  ?  If 
it  were  wise  or  safe  to  go  a  single  step  in  advance  of  pure  observa- 
tion on  so  abstruse  a  question,  we  might  suggest,  resting  on  the 
seemingly  sure  ground  of  exact  anatomy,  that  this  influence  must  be 
of  a  nature  capable  of  emanating  beyond  the  limits  of  the  organ  which 
furnishes  it.  But  further  than  this,  as  to  how,  or  to  what  extent  this 
influence  may  so  emanate,  or  as  to  what  may  be  its  nature,  it  would, 
perhaps,  in  the  present  state  of  knowledge,  be  hardly  warrantable 
even  to  speculate. 

The  number  of  fibres  in  a  muscle  is  always  exactly  proportioned  to 
the  power  demanded,  and  their  length  to  the  amount  of  shortening 
required  of  them;  but,  these  circumstances  being  secured,  muscuhr 
parts  are  subject  to  great  variety  of  form,  being  short,  thick,  or 
rounded,  long,  slender,  or  fiat,  according  to  their  position  relatively 
to  particular  bones,  joints,  other  muscles,  or  the  like.  Thus,  all  are 
compactly  knit  and  adapted  to  work  in  concert,  without  any  mechani- 
cal  interference  with  one  another ;  and  perfect  symmetry,  both  of  shape 
and  action,  is  provided  for. 

We  notice  that  the  muscles  are  arranged  on  the  skeleton  in  a  great 
measure  in  sets,  having  opposite  actions ;  as,  for  example,  the  flexore 
and  extensors,  pronators  and  supinators  of  the  fore-arm.  It  is  evident 
that  the  action  of  every  muscle  depends  solely  on  its  mechanical  at- 
tachments, and  that  a  tendon  running  round  to  a  different  side  of  a 
limb  might  quite  reverse  a  given  action.  But  we  find  that  in  general 
the  muscles  of  the  same  set  are  designed  to  act  together,  not  only  by 
their  attachment  on  the  same  side  of  a  joint,  but  by  a  supply  of  nerves 
from  the  same  source  (congeneres).  Yet  even  this  can  confer  no 
special  action  of  extension  or  flexion,  but  only  an  association  of  ac- 
tion which  may  be  both  at  once  ;  for  example,  the  flexors  of  the  toes 
extend  the  ankle,  and  the  extensors  of  the  toes  bend  it.  Even  a 
single  muscle,  the  rectus  femoris,  flexes  the  thigh,  and  by  the  same 
action  extends  the  leg.  Muscles  opposed  in  action  are  termed  cm- 
tagonists.  This  antagonism  is  in  most  cases  required  by  the  neces- 
sity  there  is  for  an  active  moving  power  in  opposite  directions  ;  but 
it  serves  the  important  accessory  purpose  of  elongating  muscles  when 
they  cease  to  be  contracted,  as  we  see  illustrated  by  the  presence  of 
elastic  or  some  other  force  for  the  same  purpose,  when  there  is  no 
antagonist  muscle.     When  antagonists  act  together,  the  part  is  fixed. 

The  locomotive  framework  may  be  regarded  as  a  series  of  levers, 
of  which  the  fulcrum  is  for  the  most  part  in  a  joint,  i,  e,  at  one  ex- 
tremity, the  resistance  at  the  further  end,  and  the  power  (or  the 
muscle)  in  the  intermediate  portion.  In  most  cases  the  muscles  are 
attached  very  near  the  fulcrum,  as  in  the  familiar  instance  of  the 
biceps,  inserted  into  the  tubercle  of  the  radius.  By  this  disposition, 
a  contraction  of  a  single  inch  in  the  muscle  moves  the  hand  in  the 
same  time  through  the  extent  of  a  foot,  but  then  the  hand  moves 
through  every  inch  with  only  the  twelfth  part  of  the  power  exerted  in 
the  muscle ;  i.  e.  a  resistance  at  the  hand  equal  to  one-twelflh  of  the 
force  of  the  muscle  would  stop  its  motion.  Thus,  force  is  converted 
into  extent  and  velocity  of  movement,  at  the  same  time  that  the  great 
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incoDvenience  is  aToided  of  having  the  muscles  extended  like  bow- 
strings between  the  distant  ends  of  jointed  continuous  levers.  By 
the  junction  of  two  or  more  levers  in  one  direction,  as  in  the  dif- 
ferent segments  of  the  extremities,  the  extent  and  velocity  of  their 
united  actions  are  given  to  the  extreme  one.  A  blow  of  the  fist  may 
be  made  to  include  the  force  of  all  the  muscles  engaged  in  extending 
the  shoulder,  elbow,  and  wrist. 

In  the  conspicuous  example  of  the  tendo-Achillis,  inserted  into 
the  OS  calcis,  the  resistance  (or  the  weight  of  the  body)  rests  on  the 
astragalus,  intermediate  between  the  power  and  the  fulcrum,  which 
is  here  the  ground,  pressed  by  the  ball  of  the  foot.  The  extent  and 
velocity  of  motion  are  here  converted  into  power.  If  the  tendo 
Achillis  draws  on  the  heel  when  the  foot  is  off*  the  ground,  the  front 
part  of  the  foot  is  extended  on  the  lower  end  of  the  tibia  as  a  ful- 
crum, and  exhibits  an  instance  of  the  other  of  the  three  varieties  of 
lever. 

Of  the  function  of  muscles, — The  great  property  of  muscular  tissue 
is  that  of  shortening  in  a  particular  direction,  and  this  property  is 
called  contractility.  It  is  not  that  mechanical  power  which  elastic 
substances  possess  of  shortening  themselves  on  the  removal  of  some 
force  which  has  stretched  them,  but  it  is  an  endowment,  responsive 
to  appropriate  stimuli,  and  diminishingor  disappearing  with  the  healthy 
state  of  the  tissue  (p.  69-70). 

The  distinction  between  the  contractility,  the  elasticity,  and  the 
physical  tenacity  of  a  muscle  may  be  illustrated  by  the  following  imag- 
inary experiment :  Suppose  the  leg  of  an  animal  so  severed  from 
the  trunk  as  to  hang  by  a  single  muscle,  which,  aAer  retaining  its 
contractility  for  some  time,  were  gradually  to  lose  it.  The  limb 
would  at  first  be  borne  up  by  the  contractile  power:  but,  as  that 
ceased,  the  muscle  would  elongate  under  the  weight,  and  the  limb 
would  remain  suspended  simply  by  the  tenacity  of  the  part.  If,  now, 
the  muscle  were  stretched  between  the  hands,  we  should  find  it  to 
possess  some  slight  elasticity.  The  elasticity  and  much  of  the  tena- 
city of  muscles  are  attributable  to  the  sarcoleroma,  and  to  the  ca- 
pillary and  areolar  tissues.  It  does  not  appear  that  elasticity  is  in 
any  degree  a  property  of  the  sarcous  elements,  and  their  tenacity  must 
be  comparatively  slight :  but  it  is  the  sarcous  tissue  alone  that  pos- 
sesses contractility. 

Although  it  is  universally  allowed  that  the  muscular  tissue  is  the 
eontractile  substance,  yet  the  strange  question  has  been  raised,  and  is 
still  warmly  debated,  whether  it  possesses  this  power  in  itself,  and  in- 
dependently of  all  other  tissues :  some  contending  that  nerve  is  neces- 
sary to  confer  contractility  on  muscle, — to  charge  it,  as  it  were,  with 
this  property ;  others,  that  nerve  is  only  necessary  to  call  it  into  action; 
and  others,  that  the  property  is  the  essential  attribute  of  the  tissue, 
and  totally  independent  of  all  nerves.  The  time  is  past  when  the 
intricacies  of  this  keen  contest  can  be  threaded  with  any  benefit  to 
the  student,  and  we  therefore  refrain  from  attempting  to  follow  them. 
We  shall  prefer  offering  him  a  view  of  the  facts  of  the  subject,  as  at 
present  known,  drawing  our  conclusions  as  they  arise. 
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The  contractility  of  muscle  is  exhibited  in  two  varieties  of  contrac- 
tion,  passive  and  active. 

Passive  contraction  is  that  which  every  muscle  is  continually  prone 
to  undergo,  by  the  mere  quality  of  its  tissue,  as  long  as  it  remains  in 
its  natural  situation  in  the  body.  The  muscles  are  ever  kept  on  the 
stretch  by  the  nature  of  their  position  and  attachments,  and  cannot 
have  their  ends  so  approximated,  by  attitude  or  otherwise,  that 
their  tendency  to  shorten  themselves  shall  cease.  If,  for  example, 
the  rectus  muscle  of  the  thigh  have  its  extremities  brought  as  near 
together  as  can  be  effected  artificially  by  posture,  they  would  yet  be 
found  to  approach  still  nearer  on  being  freed  from  their  attachment  to 
the  bones.  The  stimulus  to  this  contraction  may  be  therefore  con- 
sidered to  be  that  of  extension.  In  fractures  and  dislocations  attended 
with  shortening  of  the  limb,  the  muscles  adapt  themselves  permanently 
to  their  shortened  state  by  virtue  of  this  property.  This  tendency  to 
contract  has  been  distinguished  by  the  term  retractility^  from  its  being 
manifested  by  the  retraction  that  occurs  when  the  belly  of  a  muscle  is 
cut  across.  But,  in  this  instance,  the  retraction  would  appear  to  be 
in  part  caused  by  an  active  contraction  excited  by  the  stimulus  of  the 
injury.  It  has  been  also  styled  tonicity.  It  is  well  exemplified  in  all 
those  contracted  states  of  muscles  which  follow  paralysis  of  their 
antagonists,  as  when  the  features  are  drawn  towards  the  healthy  side 
in  hemiplegia.  The  passive  contraction  of  muscles  is  continually  op- 
posed to  their  elongation  by  the  active  or  passive  contraction  of  antago- 
nists, and  restores  them  when  that  subsides.  By  it  they  are  arccom- 
modated  to  an  attitude  artificially  given,  when  no  muscular  effort  is 
required  to  maintain  it.  When  no  active  contraction  is  present  in  a 
limb,  the  passive  contraction  remains  ;  and  being  brought  to  a  state 
of  equilibrium  in  all  the  muscles,  by  their  mutual  antagonism,  the 
limb  is  said  to  be  at  rest.  This  is  the  general  condition  during  sleep, 
in  which  the  posture  assumed  by  the  limbs  is  determined  by  the  re- 
lative power  of  antagonist  muscles:  the  flexors  overcome  the  exten- 
sors, and  hence  the  limbs  are  bent. 

Active  contraction  is  attended  with  those  striking  manifestations  of 
power  that  specially  characterize  muscle.  It  is  always  excited  by  a  local 
or  partial  stimulus,  and  is  always  exerted  in  opposition  to  another  force 
within  the  body,  which  it  is  able  more  or  less  completely  to  master. 
The  opposing  force  is  generally  the  passive  contraction  of  antagonist 
muscles,  as  well  as  the  weight  or  resistance  of  s^me  part  upon  which 
the  muscle  acts  directly;  but  it  may  be  the  elasticity  of  parts,  or,  in 
the  case  of  hollow  muscles,  the  resistance  of  their  own  contents. 
Active  contractions  are  also  frequently  opposed  to  one  another  in  the 
maintenance  of  a  fixed  posture.  Active  contraction  is  partial  and  in- 
terrupted, both  in  extent  and  duration.  It  requires  intervals  of  rest, 
being  attended  with  exhaustion  of  the  power  which  produces  it;  which 
exhaustion,  in  the  voluntary  muscles,  is  attended  with  the  sensation 
called  muscular  fatigue. 

The  contractility  of  muscles,  therefore,  is  being  ever  exerted,  in 
obedience  to  the  equable  stimulus  of  tension,  without  fatigue,  in  the 
production  of  what  we  have  termed  passive  contraction;  when  it  is 
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affected  by  a  powerful,  partially-applied  stimulus,  active  contraction 
results,  inducing  the  necessity  for  subsequent  rest.  But  there  seems 
no  good  ground  for  supposing  the  contractile  force  to  differ  in  its 
nature,  when  exhibited  under  these  different  modes  of  action. 

Siimitii  to  muscular  contraction. — Whatever  is  capable  of  inducing 
contraction  in  the  muscles,  when  either  naturally  or  unnaturally  ap- 
plied to  them,  is  termed  a  stimulus.  In  the  living  body,  the  muscu- 
lar fibres  are  in  most  instances  made  to  contract  by  the  immediate 
influence  of  the  nervous  tubules  distributed  among  them;  and  this 
influence,  however  called  into  play,  should  be  styled  the  nervous 
stimulus,  or  the  vis  nervosa.  This  nervous  stimulus,  then,  is  simply  the 
effect  of  such  a  condition  of  the  motor  nerves  as  enables  them  to  induce 
contraction  in  muscular  fibres  which  are  in  the  due  relation  to  their 
terminal  loops.  Of  the  nature  of  this  condition,  and  of  the  mode  of  its 
production,  we  are  as  completely  ignorant  as  we  are  of  the  nature  of  all 
those  other  conditions  of  the  nervous  system  on  which  the  manifestation 
of  its  various  phenomena  depends  ;  but  we  know  some  little  of  the 
agents  by  which  the  nerves  are  thrown  into  this  state.  The  chief  of 
them  are  volition,  emotion  and  impressions  carried  by  the  afferent 
nerves  to  the  nervous  centres,  and  there  affecting  the  efferent,  or  motor 
nerves,  independently  of  volition  or  consciousness ;  but  to  these  are  to 
be  added  various  impressions  from  diseases  and  injuries  of  the  motor 
nerves,  either  at  their  origin  or  in  their  course,  together  with  pressure, 
heat,  chemical  substances,  electricity,  &c.,  applied  to  their  texture. 
The  former  are  the  natural  excitants  of  the  nervous  stimulus  in  the  living 
body;  the  latter  may  be  proved  to  possess  this  property  by  observation, 
and  by  experiments  on  nerves  distributed  to  muscles,  either  in  the  body, 
or  soon  after  their  removal  from  it.  The  power  of  inducing  contraction 
in  the  muscles  is  an  endowment  of  those  nerves  only  which  have  a 
certain  organic  connection  with  the  muscles;  and  these  nerves  are, 
therefore,  distinguished  as  motor. 

There  are  other  stimuli  of  muscle  besides  the  vis  nervosa,  which 
occasion  contraction  in  the  living  body  ;  but,  in  general,  these  affect 
only  the  hollow  muscles.  Experiment  has,  indeed,  shown  these  mus- 
cles to  be  under  the  influence  of  motor  nerves  derived  from  the  spinal 
marrow  ;  but  it  seems  probable  that  some  of  them,  at  least,  are  nor- 
mally excited  to  contract  by  the  stimulus  of  stretching  or  distension, 
to  which  they  are  peculiarly  liable  from  their  arrangement  as  invest- 
ments to  hollow  viscera.  Muscles  have  not  the  capacity  of  elongating 
themselves  that  has  sometimes  been  ascribed  to  them :  when  once 
contracted,  they  remain  shortened,  notwithstanding  the  contractile 
force  have  subsided,  unless  their  ends  be  drawn  apart  by  some  ex- 
traneous force.  This  force  is  that  which  has  been  already  specified 
as  being  always  exerted  in  opposition  to  active  contraction  in  the 
living  body.  In  the  case  of  the  voluntary  muscles,  this  force  always 
continues  to  act  after  the  active  contraction  has  ceased  ;  but  in  the 
case  of  the  hollow  muscles,  where  it  consists  of  the  resistance  of  their 
contents,  it  sometimes  happens  that  these,  when  removed,  are  not  at 
once  replaced  ;  and  hence  an  enduring  contraction,  though  the  active 
contractile  force  is  no  longer  exerted.     Thus  an  empty  intestine  is 


166  ORGANS  OF  LOCOMOTION. 

reduced  to  the  size  of  a  tobacco-pipe,  and  the  sphincters  of  the  anas 
and  bladder  are  kept  contracted,  without  any  tetanic  spasm,  or  per- 
manent expenditure  of  contractile  force,  as  has  been  sometimes  sap- 
posed. 

Now,  the  stimulus  of  distension  is,  in  the  first  instance,  nothing 
more  than  the  elongating  force  which  calls  into  play  the  contractility 
of  a  muscle  under  its  passive  form :  and  there  is  this  peculiar  to  it, 
that  it  affects  equally  every  point  of  the  substance  of  each  fibre,  which 
no  other  stimulus  can  do :  and  hence  would  result  the  uniformi^ 
which  will  presently  be  shown  to  characterize  passive  contraction, 
for  contraction  is  an  answer  to  a  stimulus.  This  consideration  tends 
strongly  to  confirm  the  view  which  we  have  taken  of  the  identity  of 
the  forces  displayed  in  passive  and  active  contraction,  of  tonicity  and 
contractility. 

Other  stimuli  may  be  mentioned  as  capable  of  causing  muscolar 
contraction  by  their  direct  agency  on  the  tissue ;  but  it  is  important 
to  observe  that  these  take  no  share  in  the  production  of  natural 
contraction  in  the  healthy  body.  It  was  long  supposed  impossible  to 
observe  the  effect  of  stimuli  on  the  muscular  tissue  when  isolated 
from  the  nervous ;  and  the  fact,  that  the  artificial  stimuli  which  in- 
duced contraction  when  applied  to  a  muscle  itself,  were  the  same 
with  those  which  induced  it  when  applied  to  the  motor  nerves,  was 
considered  sufficient  proof  that  in  the  former  case  the  effect  was  pro- 
duced through  the  medium  of  nervous  tissue  still  mingled  with  the 
muscular. 

But  this  question  has  been  brought  to  an  issue  by  the  positive  ob- 
servation that  fragments  of  the  fibre  of  voluntary  muscle,  entirely 
isolated  from  every  extraneous  tissue,  whether  nerve  or  vessel,  may 
be  made  to  contract  in  obedience  to  a  stimulus  topically  applied  to 
them.  When  such  fragments  are  examined,  they  are  found  to  con- 
tract first  of  all  where  they  have  sustained  mechanical  injury,  viz. 
at  their  broken  extremities  ;  and,  if  water  be  brought  into  contact 
with  them,  it  is  absorbed,  and  thereby  excites  them  to  contractions, 
which  commence  at  their  surface.*  The  same  thing  is  frequently 
to  be  observed  under  a  different  form.  A  particle  of  foreign  matter, 
as  a  hair  or  a  piece  of  dust,  may  be  included  by  design  or  accident 
in  the  field  of  the  microscope,  so  as  to  touch  the  side  of  a  fibre  at  a 
single  point.  When  this  happens,  the  fibre  will  olten  exhibit  a  con- 
traction, so  plainly  limited  to  the  point  touched,  as  to  give  unequivo- 
cal proof  of  its  bemg  the  result  of  the  irritation  of  the  pressure.  Che- 
mical substances  may  be  seen  to  act  similarly,  if  they  be  not  so 
powerful  as  to  destroy  the  texture  of  the  part :  and  it  is  probable  that 
electricity  has  a  like  agency.     These  interesting  phenomena  may  be 

*  Water  has  long  been  known  as  a  rapid  exhauster  of  the  contractility  of  mus- 
cles. '^  Ri<j^idity  is  produced  almost  instantaneously  if  warm  water  be  injected  into 
the  arteries  of  a  muscle.  The  flesh,  under  these  circumstances,  becomes  pale,  in- 
creased in  bulk,  and  suddenly  hardens.  The  operation  of  crimping  fish  consists 
in  dividing  the  muscular  fibre  before  it  has  become  rigid,  and  immersing  it  in 
spring  water.  A  small  part  treated  in  this  manner  contracts  and  hardens  within 
five  minutes." — Mayo,  Physiol.,  p.  38.  It  exhausts  contractility  by  inducing  vio- 
lent contraction,  by  which  the  fibre  is  often  disorganized. 


STIMULI  TO  MUSCULAR  CONTRACTION.  167 

bserred  more  or  less  satisfbctorily  in  all  animals  \7h08e  fibres  retain 
leir  contractility  for  a  sufficient  length  of  time  after  removal  from  the 
ody ;  and  the  crab  and  lobster  will  be  found  very  favourably  adapted 
If  the  purpose.  In  many  reptiles,  and  fish  also,  the  steps  occur 
;OwIy  enough  to  be  adequately  scrutinized. 

The  fects  in  question  can  admit  only  of  one  explanation,  if  it  be 
mceded  that  the  muscular  tissue  has  been  here  separated  from  the 
errous :  and  certainly  that  separation  has  been  efiected,  unless  the 
ervoQs  tubules  send  off  from  their  terminal  loops  a  set  of  fibrils 
rhich  penetrate  the  sarcolemma,  and  diffuse  themselves  through  the 
ontractile  material  within ;  a  supposition  for  which  there  exists,  at 
resent,  no  foundation  in  the  observations  of  the  most  diligent  investi- 
■tors  of  this  subject.     They  will,  therefore,  probably,  be  regarded 

I  conclusive  proof  that  contractility  is  a  property  inherent  in  the  verv 
tmcture  of  muscle,  and  capable  of  being  excited  to  action  independ- 
Dtly  of  the  instrumentality  of  nerves. 

An  interesting  phenomenon  has  been  pointed  out  by  Dr.  Stokes, 
rhich,  when  illustrated  by  the  foregoing  observations,  we  may  safely 
onsider  as  an  example  of  contraction  in  the  living  body  in  answer  to 

physical  stimulus.     In  various  cases  of  phthisis,  and,  indeed,  in 

II  cases  attended  with  emaciation,  a  sharp  tap  with  the  fijugers  on 
ny  muscular  part  is  instantly  followed  by  a  contraction,  and  by 
lie  rise  of  a  defined  firm  swelling,  at  the  point  struck,  enduring 
everal  seconds  before  it  gradually  subsides.  This  is  often  so  pro- 
linent  as  to  throw  a  shadow  along  the  skin,  and  for  the  moment  it 
light  almost  be  mistaken  for  a  solid  tumour.  That  it  is  limited  to 
le  point  struck  is  full  proof  of  its  bein^  a  direct  effect  of  the  irrita* 
on,  and  not  produced  through  the  medium  of  nerves ;  for  a  contrac- 
on  excited  in  the  latter  mode  would  be  diffused  over  the  parts  to 
rhich  the  nervous  twigs  irritated  were  supplied,  and  would  therefore 
'eqaently  occur  in  parts  at  some  distance. 

Having  premised  these  words  respecting  the  stimuli  of  muscle,  we 
roceed  to  consider  what  is  known  of  the  phenomena  which  attend 
le  act  of  contraction.  It  is  evident  that  the  subject  we  are  now 
pproaching  is  one  of  primary  importance,  because  on  the  positive 
iformation  regarding  it  must  chiefly  depend  our  means  of  judging  of 
le  conflicting  hypotheses  of  the  nature  and  laws  of  action  of  the  con- 
"actile  force. 

A  muscle,  when  contracted,  is  firmer  than  before ;  but  this  rigiditv 
;  proportioned  rather  to  the  intensity  of  the  contractile  force  exerted, 
lan  to  the  amount  of  shortening  occasioned  by  it.  The  circumstance, 
owever,  has  led  to  the  belief,  that  the  act  is  accompanied  with  a 
9mpression  of  the  substance  of  the  muscle  into  a  smaller  compass ; 
ut  it  is,  on  the  contrary,  well  ascertained  that  it  gains  in  thickness 
hat  it  has  lost  in  length.  The  experiments  by  which  this  fact  is 
tested  have  been  often  repeated,  and  their  general  results  accord 
ell  together.  If  a  muscular  mass  be  made  to  contract  bv  means  of 
ilvanism  in  a  vessel  of  water  furnished  with  a  very  delicate  tube, 
le  slightest  diminution  of  bulk  would  be  at  once  indicated  by  the 
il  of  the  water  within  the  tube ;  but  the  water,  under  these  circum- 
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stances,  is  found  to  retain  its  level.  Mr.  Mayo  varied  this  experi- 
ment by  selecting  the  heart  of  a  dog,  {^ncU,  and  Phys.  Comment,  ?ol. 
i.  p.  12,)  which,  continuing  to  beat  during  some  time,  was  in  thii 
way  distinctly  seen  to  undergo  no  change  of  size. 

The  familiar  practice  of  accelerating  the  flow  from  the  vein  at  the 
elbow  by  desiring  the  patient  to  contract  the  muscles  of  the  fore-arm, 
does  not,  as  is  sometimes  imagined,  show  any  diminution  of  their 
bulk,  but  only  a  forcible  increase  of  their  lateral  dimensions,  by  which 
the  deep  veins  are  compressed  within  the  inelastic  sheath  of  fascii, 
and  the  blood  diverted  into  the  superficial  channels.  In  those  mus- 
cles which  have  a  bulging  centre  or  belly^  as  the  biceps  of  the  ann, 
the  fibres  are  arranged  in  a  curved  form,  and  during  contraction  mast 
tend  towards  a  straight  line  in  the  direction  of  the  axis  of  the  muscle. 
In  such  instances  the  blood-vessels  that  traverse  their  interstices  must 
be  in  some  degree  compressed. 

If  we  examine  under  the  microscope  the  contracted  state  of  a  mor- 
sel of  the  sarcous  tissue,  we  find  it  to  present  essentially  the  same 
characters  as  that  of  the  entire  organ,  a  shortening  in  length,  with  a 
corresponding  increase  in  thickness  ;  and  this  is  true,  however  minate 
the  fragment  mav  happen  to  be.  This  is  all  that  can  be  said  in  gene- 
ral of  the  visible  features  of  this  remarkable  phenomenon.  Late 
investigations,  instead  of  explaining  the  manner  in  which  contraction 
is  effected,  by  showing  its  dependence  on  forces  previously  under- 
stood, have  only  served  to  display  the  inadequacy  of  the  coarse  and 
mechanical  hypothesis,  that  physiologists  have  been  so  prone  to  con- 
fide in,  and  to  make  it  more  than  probable  that  they  must  ever  be 
content  to  repose  upon  the  fact  above  stated,  as  the  simplest  which 
the  most  refined  microscopical  analysis  will  ever  disclose. 

All  muscle  retains  its  contractility  for  a  longer  or  shorter  period 
after  its  separation  from  the  body,  or  after  death.  During  this  period 
contractions  may  be  excited  by  the  nervous,  and  all  other  stimuli, 
which  we  can  apply  to  it ;  and  it  is  certain  that  these  contractions  are 
the  same  in  their  nature  with  those  occurring  in  the  living  body  under 
natural  influences.  Being  also  easy  of  inspection,  they  are  admirably 
suited  to  the  display  of  the  minute  changes  occurring  in  muscle  during 
its  active  state. 

The  muscle  with  striped  fibres  is  peculiarly  adapted  for  the  display 
of  these  changes ;  for,  its  texture  not  being  homogeneous,  but  marked 
throughout  with  perfect  regularity  into  spaces  or  particles  so  minute 
as  to  require  to  be  very  highly  magnified  before  they  can  be  even 
seen  at  all,  the  anatomist  is  provided  with  the  means  of  detecting 
movements,  which,  without  this  circumstance,  must  have  remained 
concealed. 

When  a  piece,  retaining  its  contractility,  is  torn  up  into  its  ele- 
mentary fibres,  the  fragments  of  these,  when  placed  in  water,  are  seen 
to  undergo  a  slow  movement  at  certain  points,  especially  where  they 
have  suffered  violence,  as  at  their  broken  extremities.  This  move- 
ment consists  of  a  shortening  and  thickening  of  the  material  com- 
posing the  fibre,  as  is  shown  by  the  general  outline  of  the  part,  but 
especially  by  the  appearances  visible  in  its  interior.     The  transverse 
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botb  light  and  dark,  become  longer  and  thinner:  in  other 
he  discs  expand  in  circumference,  flatten,  and  approximate 
another ;  or,  to  use  another  form  of  expression,  the  fibrillae 
shorter  and  thicker,  both  in  the  particles  composing  them  and 
nrial  connecting  those  particles  (fig.  49). 
I  changes  are  always  local,  or  partial;  and  it  is  most  evident, 
r  characters  they  constantly  present,  that  they  are  not  limited 
eterminate  regions,  points,  or  segments,  but  occur  indifierently 
V  the  exciting  cause  may  chance  to  be  exerted.  Neither  discs 
lie  appear  to  have  the  smallest  share,  as  aggregations  of  par- 
aring  those  particular  forms,  in  producing  the  phenomena  of 
ion.  A  contraction  is  never  bounded  to  a  particular  number 
or  fibrillse,  and  is  never  accurately  limited  by  the  interval 
two  discs.  It  constantly  happens,  that  at  the  edge  of  the 
ed  part,  several  discs  are  only  partially  engaged  in  it.  A 
ion  generally,  when  commencing  at  the  broken  end  of  a  fibre, 
I  its  whole  width  there;  but,  when  it  commences  at  the  border 
ire,  it  may  be  confined  to  a  portion  of  many  discs:  and,  fur- 
!  contractile  force  is  never  exerted  along  the  whole  length 
e  or  fibrilla  at  once.  A  contraction  excited  in  an  elementary 
die  contact  of  a  hair  extends  into  the  mass  equally  in  all 
18,  as  we  might  suppose  it  would  do,  if  the  mass  were  homo- 
• 

tentive  study  of  these  interesting  phenomena  will  lead  to  the 
m,  that,  in  the  bare  fact  of  contraction,  the  build  of  the  fibre 
tn  of  no  importance  whatever :  the  exquisite  symmetry  dis- 
n  the  apposition  of  its  component  particles  is,  as  it  were,  dis- 
1  and  overlooked ;  while  the  whole  process  is  to  be  referred 
aterial  itself,  the  ultimate  tissue,  whose  property  is  contract- 
Ins  property  appears  to  reside  both  in  the  particles  and  the 
€  connecting  them. 

Itimate  movements,  therefore,  on  which  contraction  depends,  ^ 

r  they  may  consist  in,  are  molecular,  and  far  beyond  the  reach  * 

1  be  perceived  that  this  view  of  the  subject  is  the  only  one  ^ 

in  harmonize  the  fact  of  contraction  in  voluntary  muscle  with  ' 

phenomenon  in  structures  which  have  no  complicated  internal 
lent  of  particles,  as,  for  example,  in  the  unstriped  fibre;  and 
ractility  manifested  by  fibrine,  immediately  afler  coagulation, 
lerty  too  nearly  allied  to  the  contractility  of  muscle  (a  form  of 
lot  to  give  it  additional  credibility. 

larding  contractility,  therefore,  as  a  property  of  the  living 
r  fibre  in  general/it  is  meant  that  it  resides  in  it  as  a  property 
irhich  it  would  not  be  muscle  ;  and  in  such  a  manner,  that  no 
however  microscopic,  can  be  detached  from  muscle  which 
of  itself,  and  independently  of  the  rest,  possess  this  property 
IS  it  possesses  vitality. 


ORGANS  OF  LOCOMOTION. 


Of  the  differences  between  the  minute  movemejtts  of  Muscle  in  pastitt 
and  active  contraction. 
In  passive  contraction. — It  is  perhaps  impossible  in  the  higher  aai- 
mals  to  observe  the  nature  of  the  microscapic  mnrements  occurring 
in  muscle  in  its  ordinary  state  or  during  its  passive  shortening;  bnt, 
in  the  lower  and  smaller  forms  of  life,  this  may  sbmetimes  be  accoift- 
plished.  It  may  always  appear  doubtful,  howerer,  whether  any  coo- 
traction  that  may  be  here  witnessed  be  entirely  of  the  passive  kind, 
and  consequently  the  movements  here  noticed  are  not  worthy  of  ia^ 
plicit  reliance.  But  it  is  more  easy,  and  quite  as  satisfiBCtor>-,  to  hrinff 
a  muscle  under  inspection,  which  is  still  in  silu  and  in  equilibrium  vitn 
its  antagonists :  in  such,  contractile  force  is  being  still  exerted,  thourii 
its  full  effects  are  prevented  from  taking  place.  This  may  be  done  in 
various  small  animals:  perhaps  the  tail  of  small  fish,  or  of  the  tadpole 
of  the  common  frog,  is  the  best  adapted  for  the  purpose.  In  the  latter, 
deprived  of  its  integument,  we  have  obtained  such  a  view,  and  have 
found  the  contraction  to  be  quite  uniform  throughout,  the  tranavene 
stripes  being  stationary  and  equidistant.  This  is  nothing  more  thu 
might  have  been  expected  on  d  priori  grounds.  The  contractioi, 
being  the  effect  of  the  passive  exercise  of  the  property  shared  equally 
by  all  parts  of  the  tissue,  would  be  equal  in  equal  masses ;  and,  u 
the  elementary  fibres  are  of  precisely  equal  width  and  substance  from 
end  to  end,  no  part  of  them  could  predominate  in  action  as  long  as 
only  the  equable  stimulus  coincident  with  their  natural  state  of  lenaon 
were  applied.  It  may  be  concluded,  therefore,  that  passive  conliac- 
tion  is  attended  by  a  movement  absolutely  uniform  throughout  the 
whole  mass  of  an  elementary  fibre,  or  of  a  muscle. 

In  active  contraction,  the  case  is  far  otherwise,  as  may  now  be  CWi- 
sidercd  proved  by  a  considerable  body  of  evidence. 

It  might  be  argued,  prior  to  direct  proof,  that  active  contraction 
must  be  partial,  at  least  at  its  commencement ;  because  the  atimoli 
which  occasion  it  cannot,  in  their  very  nature,  he  applied  to  every 
particle  of  the  fibre  at  one  and  the  same  instant  of  time. 

Certain  features  of  the  phenomena  witnessed  under  the  microscope 
in  fragments  removed  from  the  body,  and  contracting  in  water,  have 
a  close  bearing  on  the  present 
F"S*9-  question.     It  has  been   already 

said,  that  such  contractions  are 
uniformly  partial ;  but  they  pre- 
sent two  further  varieties,  either 
remaining  in  the  part  where  they 
first  occur,  or  leaving  it  as  they 
advance  to  others  in  the  neigh- 
Frnirai'nior«nfiBmi-ni«D-ai>rp(fn™ih*!->i)  hourhood.  The  accidental  cir- 
IirMt«-™'urrqm«rTiT*p«n*'4'cin^^^^  cumstanccs  under  which  the  frag- 


ments are  placed,  explain  these 
,  varieties.     In   the   former   case, 

.«peii»d  from  m«  con.     the  ends  of  the  fragments  happcQ 


;;j!^,')-«!"f 
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y  movable,  and  are  drawn  towards  each  other,  according  to 
nt  of  conlraclion  occurring  in  particular  spots;  and,  as  the 
;  force  leares  these  spots  and  engages  Others,  the  ends  con- 
iproxin]ate,the  parts  once  contracted  remaining  so,  because 
■  force  to  extend  them.     Hence  the  contraction  appears  per- 

atter  case,  certain  parts  of  the  Gbre  (as  its  broken  extre- 
e  fixed  more  or  less  firmly,  so  as  to  ofler  a  resistance  to  the 
n  that  takes  place  ;  this  resistance  enabling  the  contractile 
iDcing  to  new  pans  to  obliterate  the  traces  of  contraction  in 

in  which  it  is  subsiding,  by  stretching  them.  The  ends 
come  fixed  in  consequence  of  their  being  the  first  to  thicken 
faction,  and  from  their  thus  receiving  the  pressure  of  the 
mica  or  glass  with  which  it  is  requisite  to  cover  the  object ; 
tn  the  first  to  contract,  because  irritated  by  being  brokeo, 
e  water,  which  is  absorbed  soonest  where  the  sheath  is  de- 
rhis  fixing  of  the  ends  brings  the  fibres  in  question  nearly 
ondition  under  which  they  exist  in  the  living  body,  where 
ady  been  explained  that  there  is  always  s  resistance  to  be 

in  active  contraction.     This  particular  variety  of  the  phe- 

therefore,  deserves  special  study.  Those  animals  whose 
re  most  tenacious  of  their  contractility  are  the  best  suited 
nation ;  and,  among  these,  the  young  crab  or  lobster  may 
asily  obtained. 

elementary  fibre  from  the  claw,  laid  out  on  glass,  and  then 
fith  a  wet  lamina  of  mica,  the  following  phenomena   are 

be  observed.  The  ends  become  first  contracted  and  fixed, 
tractions  commence  at  isolated  spots  along  the  margin  of  the 
cb  they  cause  to  bulge.  At  first  they  onlv  engage  a  very 
Dount  of  the  mass,  spreading  into  its  intenor  equally  in  all 
,  and  being  marked  by  a  close  approximation  of  the  trans- 
>es.  These  contractions  pull  upon  the  remainder  of  the  fibre 
e  direction  of  its  length,  so  that  along  its  edge  the  transverse 
the  intervals  are  very  much  widened  and  distorted.  These 
09  are  never  stationary,  but  oscillate  from  end  to  end,  relin- 
in  the  one  hand  what  they  gain  on  the  other.  When  they 
X)us  along  the  same  margin,  they  interfere  most  irregularly 

another,  dragging  nne  another  as  though  striving  for  the 

tbe   larger   ones   con- 

rercomiog  the  smaller;  ^'S-  ^■ 

iding  as  though  spent,  '  " 

again  by  new  spots  of 
n;  and  again,  after  a 
od  of  repose,  engaged 
im  by  some  advancing 
is  is  the  first  stage  of 
omenon  (fig.  50).  At 
lent  stage,  the  ends  of 
commonly  cease  to  be  r 
consequence  of  the  in-    ', 
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Fig.  51. 
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termedlate  portions,  by  their  contraction  receiving  some  of  the  pres- 
sure of  the  glass.  The  contractions,  therefore,  increasing  in  namber 
and  extent,  gradually  engage  the  whole  substance  of  the  fibre,  which 
then  is  reduced  to  at  least  one-third  of  its  original  length. 

The  muscular  tissue  in  these  animals  is  comparatively  tough;  bnt 
where  it  is  more  fragile,  as  in  the  frog,  it  may  give  way  in  the  inte^ 

vals  between  spots  of  contraction,  and  be- 
come ruptured  and  disorganized  in  Tarioos 
degrees.  {Phil.  Trans.,  1840,  p.  490,  pi. 
xix.  fig.  75.)  In  fishes  we  have  seen  a 
succession  of  phenomena  similar  to  what 
has  been  described  in  the  crab  ;  waves  of 
contraction  advancing  and  recedins,  bat 
gradually  augmenting  in  bulk,  till  the 
whole  fibre  was  finally  contracted  (fig.  51). 
In  all  these  examples,  as  long  as  the 
ends  of  the  fragment  are  fixed,  and  will 
not  yield  to  the  convellent  force,  that  force 
is  seen  to  be  exerted  in  a  momentary  man- 
ner in  successive  portions  of  the  mass. 
:!Sf„rer;?mr,57b«of  in  proportion  as  they  yield  to  it,  the  le- 
The  uppermost  state  is    gistancc  which  enabled  the  contraction  of 

new  parts  to  stretch  those  from  which  it 
was  receding  is  removed,  and  the  appear- 
ances of  contraction  remain.  A  distinc- 
tion is  required  between  the  contractile 
force  and  the  contraction  resulting  from 
its  exercise.  The  latter  will  be  perma- 
nent, if  no  force  from  without  be  exerted 
to  obliterate  it  by  stretching ;  for  a  contracted  muscle  has  no  power 
of  extending  itself;  there  is  no  repellent  force  between  its  molecules. 
From  these  phenomena,  therefore,  it  is  possible  to  eliminate  the 
appearances  resulting  from  a  subsided  force  and  to  judge  of  the  mode 
and  duration  of  action  of  the  force  itself.  Thus  sifted,  they  prove 
that,  even  when  directly  stimulated  by  water  after  removal  from  the 
body,  a  muscle  contracts  in  successive  portions,  never  in  its  totality 
at  once  ;  and  that  no  particle  of  it  is  capable  of  exhibiting  an  active 
contraction  for  more  than  an  instant  of  time. 

The  appearances  presented  by  muscle  that  has  been  ruptured  by 
its  own  inordinate  contraction  in  fatal  tetanus,  in  the  human  subject, 
will  supply  the  link  wanting  to  connect  the  foregoing  phenomena  with 
those  occurring  in  healthy  contraction  during  life:  for  tetanic  spasm 
differs  from  sustained  voluntary  contraction,  only  in  its  amount  and 
protracted  duration,  and  in  its  being  independent  of  the  will;  none  of 
which  circumstances  are  of  essential  importance  in  regard  to  the  nature* 
of  the  act  of  contraction  itself. 

The  muscles  are  so  arranged  in  the  body,  that  no  amount  of  con- 
traction which  the  mechanism  of  the  bony  and  ligamentous  frame- 
work will  permit  one  of  them  to  undergo,  can  by  possibility  occasion 
the  rupture  of  an  antagonist,  provided  it  remain  relaxed :  to  be  mp- 


occasion 

the  Skate 

that  previous  to  the  commencement 

ot'  active  contraction. 

a.  a.  a.  Successive 
^contraction  seen  moving  alonrone 
margin  of  the  fibre,  marked  by  a  bulg- 
ing of  the  margin,  by  an  approxima- 
tion of  the  transverse  stripes,  and  by 
H  consequent  darkening  of  the  spots. 

6.  h.  h.  Similar  "  waves^  still  mov- 
ing along  the  fibre,  but  engaging  its 
whole  thickness. 
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be  antagonist  must  be  itself  contracted.  But  a  muscle,  if 
ed  beyond  its  natural  amount,  may  be  so  resisted  by  mechani- 
ers,  in  or  out  of  the  body,  as  to  rupture  itself.  Hence,  the 
ion  of  a  muscle  is  a  necessary  condition,  and  generally  the 
I  cause  of  its  own  rupture :  the  other  condition  being  a  force 
than  the  tenacity  of  the  ruptured  part,  holding  its  ends 
;  which  latter  may  be  either  the  active  or  passive  contraction 
onists,  or  mere  mechanical  resistance:  but  it  is  evident,  that, 
iscle  to  be  ruptured  by  its  own  contraction,  that  contraction 
partial,  as  is  shown  in  the  case  of  the  frog's  muscle,  already 
ed. 

camination  of  muscle  ruptured  in  tetanus  is  found  to  bear  out 
servations  in  the  fullest  manner.  (Phil.  Trans,  j  1841,  p.  69.) 
mentary  fibres  present  numerous  bulges  of  a  fusiform  shape, 
I  the  transverse  stripes  are  very  close  together.  These  swell- 
contracted  parts,  are  separated  from  one  another  by  intervals 
08  lengths,  in  which  the  fibre  has  either  entirely  given  way, 
>re  or  less  stretched  and  disorganized.  These  appearances 
with  ader  all  contractility  has  departed  ;  they  are  the  vestiges 
pasm  during  life.  Yet  in  other  muscles,  which  have  been 
I  convulsed,  but  not  ruptured,  they  are  not  found.  Their 
5  is,  therefore,  the  result  of  the  rupture.  They  admit  only  of 
>wing  explanation :  the  contractile  force  has  operated  at  the 
rand  contracted,  and,  by  its  excess,  the  intermediate  portions 
en  stretched  to  laceration.  Having  once  given  way,  the  con- 
parts  have  become  isolated,  and  can  no  longer  have  been 
d  after  the  subsidence  of  contractile  force  ;  they  consequently 
le  form  and  appearances  they  possessed,  when  surprised,  as 
by  the  rupture  they  have  themselves  produced  of  the  inter- 
parts. 

Ming,  for  a  moment,  that  active  contraction  were  an  univer- 
equable  act,  and  that,  by  the  superior  power  of  an  antagonist, 
muscle  had  been  ruptured,  the  appearances  resulting  would 
:Iy  be  entirely  difierent  from  those  now  detailed.  The  fibres 
the  ruptured  point  would  have  their  transverse  stripes  uniformly 
nated. 

Y  be  concluded  from  the  preceding  facts, — 1st.  That  active 
ion  never  occurs  in  the  entire  mass  of  a  muscle  at  once,  nor 
'hole  of  any  one  elementary  fibre,  but  is  always  partial  at  any 
Bnt  of  time : — 2d.  That  no  active  contraction  of  a  muscle, 
r  apparently  prolonged,  is  more  than  instantaneous  in  any 
is  parts  or  particles: — and  therefore,  3d.  That  the  sustained 
^ntraction  of  a  muscle  is  an  act  compounded  of  an  infinite 
of  partial  and  momentary  contractions,  incessantly  changing 
tcc,  and  engaging  new  parts  in  succession  ;  for  every  portion 
Bsue  must  take  its  due  share  in  the  act. 
phenomena  yet  remain  to  be  mentioned,  which,  by  admitting 
sfactory  explanation  on  this  view  of  the  subject,  give  strong 
ly  to  its  correctness, 
irst  is  the  muscular  sound^  heard  on  applying  the  ear  to  a 
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muscle  in  action.  It  resembles,  according  to  the  apt  simile  of  Dr. 
Wollaston,  (PAt7.  Trans. y  1811,)  the  distant  rambling  of  carriage* 
wheels ;  or  rather,  perhaps,  an  exceedingly  rapid  and  faint  tremulous 
vibration,  which,  when  well  marked,  has  a  metallic  tone.  It  is  the 
sound  of  friction,  and  appears  to  be  occasioned  by  those  movements 
of  the  neighbouring  fibres  upon  one  another,  with  which  the  partial 
contractions  must  be  attended  in  their  incessant  oscillations. 

The  other  phenomenon  is  one  whose  existence  has  been  recently 
ascertained  by  MM.  Becquerel  and  Breschet,  {Recherches  sur  m 
Chaleur  Jhdmale.  Archiv.  da  Museum^  tom.  i.  p.  402,)  viz.,  that  a 
muscle y  during  contractiauy  augments  in  temperature.  They  have  found 
this  increase  to  be  usually  more  than  1^  Fahr.;  but  sometimes,  when 
the  exertion  has  been  continued  for  five  minutes,  (as  the  biceps  of 
the  arm,  in  sawing  a  piece  of  wood,)  it  has  been  double  that  amount 
This  development  of  heat  may  be  in  a  great  measure  attributable  to, 
and  even  a  necessary  consequence  of,  the  friction  just  alluded  to. 

Thus  it  would  appear,  that  in  active  contraction  there  is  a  disturb- 
ance of  the  state  of  equilibrium,  or  rest,  by  the  application  of  a  special 
stimulus  to  certain  portions  only  of  each  fibre ;  by  which  first  these 
portions,  then  others  in  succession,  are  made  to  contract  strongly,  and 
to  pull  on  the  extremities  of  the  fibre  through  the  medium  of  the  parts 
not  so  contracted.  The  contractions  undulate  along  the  fibre  from 
the  point  stimulated,  and  there  is  always  a  considerable  part  of  each 
fibre  uncontracted.  This  will  account  for  the  remarkable  fact,  that 
detached  fragments  of  the  voluntary  fibre  will  contract  by  two-thirds 
of  their  length  ;  though  an  entire  muscle,  in  its  natural  situation,  can- 
not shorten  by  more  than  one-third.  This  great  capacity  of  contrac- 
tion in  the  tissue  would  be  without  a  purpose,  if  it  were  not  that  it 
only  admits  of  momentary  exertion,  and  therefore  requires  that  in  the 
organ  successive  parts  should  take  up  the  act,  and  by  so  doing, 
render  it,  as  a  whole,  continuous.  In  an  active  fibre  the  contracting 
parts  are  continually  dragging  on  those  in  which  the  contractile  force 
has  just  subsided,  and  which  intervene  between  them  and  the  extre- 
mities of  the  fibre.  These  are  thereby  instantly  stretched,  and  come 
to  serve  the  temporary  purpose  of  a  tendon  ;  but  one  which  resists 
extension  more  by  its  passive  contractility  than  by  its  mere  tenacity. 
It  is  these  parts  which  in  tetanic  spasm  suffer  laceration ;  which  hap- 
pens in  consequence  of  the  contraction  excited  by  the  vis  nervosa 
being  then  too  powerful  to  be  resisted  by  the  passive  contractility. 

The  preceding  account  of  the  minute  changes  occurring  during 
contraction  rests  on  data  furnished  by  the  striped  form  of  muscular 
fibre ;  but  there  is  nothing  contained  in  it  which  seems  at  variance 
with  the  little  that  is  positively  known  regarding  the  contractions  of 
the  other  form.  The  differences  between  the  contractions  of  the  two 
varieties  are  almost  certainly  confined  to  the  manner  of  exercise,  and 
do  not  extend  to  the  essential  nature  of  the  act.  Though  the  un- 
striped  fibre  has  not  been  studied  by  the  microscope,  during  its  active 
state,  with  the  same  success  as  the  other,  yet  the  similarity  of  the 
gross  changes  observed  in  it  by  the  naked  eye,  to  those  seen  in  volun- 
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taiy  muscle,  forbids  as  to  doubt  the  identity  of  the  phenomenon  in  all 
that  is  essential  to  it  as  an  act  of  contraction. 

From  the  knowledge  we  possess,  we  are  perhaps  entitled  to  hazard 
some  farther  conjectures  respecting  the  differences  in  the  mode  of 
exercise  of  the  contractile  power  in  different  cases.  In  whatever 
that  mysterious  power  may  consist,  it  would  appear  that  the  structu- 
ral modifications  of  the  two  kinds  of  fibres  are  intimately  connected 
with  the  manner  in  which  it  is  capable  of  being  exerted.  Wherever 
the  striated  structure  occurs,  we  witness  an  aptitude  for  quick, 
energetic,  and  rapidly  repeated  movements ;  while,  w*here  it  is  defi- 
cient, they  are  sluggish,  progressive,  and  more  sustained. 

The  varieties  in  the  character  of  contractions  performed  by  striated 
muscles  are  very  striking,  especially  that  of  the  heart,  as  compared 
with  the  prolonged  action  of  the  voluntary  muscles.  In  both,  there 
is  an  alternate  momentary  action  and  repose  of  every  contractile 
particle :  but  in  the  heart  the  contraction  is  universal  at  one  instant, 
and  the  repose  equally  universal  at  the  next;  while,  in  the  prolonged 
action  of  the  voluntary  muscles,  contractions  of  certain  parts  of  each 
fibre  always  co-exist  with  repose  of  other  parts.* 

The  contractions  of  voluntary  muscles  differ  greatly  from  one  another 
in  duration,  energy,  and  extent.  Dr.  Wollaston  {Philos.  Trans, ^  181 1), 
was  of  opinion,  that  the  phenomenon  of  the  muscular  sound  affords  a 
proof  that  the  duration  of  a  muscle's  contraction  depends  on  the  appli- 
cation to  it  of  a  succession  of  distinct  impulses;  and  this  idea,  accord- 
ing very  nearly,  as  it  does,  with  the  later  evidence  of  observation, 
appears,  on  the  whole,  the  most  satisfactory  that  has  been  advanced 
on  this  abstruse  subject.  He  also  thought  that  the  intensity  of  a  con- 
traction corresponds  with  the  rapidity  with  which  these  impulses  are 
transmitted  to  it ;  and  this  likewise  may  be,  in  part,  true.  But  there 
is,  in  addition  to  this,  in  all  probability,  a  difference  in  the  intensity 
of  the  stimulus  itself  in  different  cases,  producing  a  difference  in  the 
size  of  each  wave,  a  difference  in  the  amount  of  contractile  energy 
exerted  in  each,  and  a  difference  in  the  rapidity  with  which  the  waves 
oscillate  along  the  fibre.  The  extent  of  the  contraction  (the  duration 
and  intensity  being  the  same)  will  manifestly  depend  on  the  amount 
of  the  length  of  the  fibre  which  is  contracted  at  once ;  but  we  are 
ignorant  whether  this  variation  in  amount  is  effected  by  a  variety  in 
the  number  of  waves,  or  in  the  extent  of  the  fibre  engaged  by  each 
of  them. 

In  describing  the  white  fibrous  tissue,  we  remarked  the  facility 
with  which  its  fibres  are  thrown  into  a  wavy  or  zigzag  course  when 
their  ends  are  brought  near  together.  The  same  thing  occurs  in  the 
nerves,  and  may  be  observed  in  almost  any  flexible  non-elastic  cord. 
The  muscular  fibre  easily  assumes  this  zigzag  course,  when  its  ends 
are  approximated  by  any  other  force  than  its  own  contractility.  It 
may  thus  be  at  any  time  thrown  into  zigzag,  long  after  it  is  quite 
desid,  and  has  lost  all  its  contractility  :  and,  in  general,  such  zigzags 

*  By  the  expression  *'  uniyersal  at  one  instant,*'  we  do  not  mean  absolutely  so ; 
forobserration,  and  the  presence  of  the  mascalar  sound,  both  declare  that  the  contrac- 
tion, even  of  the  heart,  though  so  apparently  momentary,  is  progressive. 
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occur  at  pretty  regular  intervals,  determined  by  the  force  employed 
and  the  flexibility  of  the  tissue;  and,  when  several  fibres  are  lying  in 
contact,  their  zigzags  usually  correspond. 

Now,  such  zigzags  have  been  frequently  observed  in  the  IWvof 
fibre,  of  course  accompanied  with  an  approximation  of  its  eztremi* 
ties;  and  some  physiologists,  mistaking  the  efiect  for  the  cause,  have 
concluded  the  zigzags  to  have  occasioned  the  shortening.  Dr.  Hales, 
and,  long  after  him,  Prevost  and  Dumas,  examined  this  appearance 
in  the  flat  abdominal  muscle  of  a  frog,  laid  on  glass,  and  made  to 
contract  by  a  galvanic  shock ;  and,  noticing  that  the  angles  of  the 
zigzags  corresponded  in  many  places  with  the  transit  of  nerves  across 
the  fibres,  they  concluded  that  an  electrical  current,  passing  from  one 
to  the  other,  occasioned  the  flexion  of  the  fibres  at  the  points  of 
contact. 

This  hypothesis,  when  first  proposed,  attracted  great  regard,  firom 
its  appearance  of  simplicity,  and  from  its  falling  in  with  the  then 
favorite  notion  of  the  identity  of  the  nervous  influence  with  some 
form  of  electricity ;  and  without  sufficient  caution  it  was  very  generally 
adopted.  The  facts  previously  stated,  however,  completely  ove^ 
throw  it,  and  render  an  explanation  of  the  causes  of  the  error  scarcely 
more  than  historically  interesting.  It  would  appear  that  the  galvanic 
shock,  when  passed  through  a  mass  of  fibres,  affects  them  unequally, 
some  only  being  contracted  by  it :  but  these,  by  their  cellular  and 
vascular  union  with  others,  draw  towards  each  other  the  ends  of  the 
uncontracted  ones,  and,  of  course,  throw  them  into  zigzag;  and  it  is 
most  natural  that  the  passage  of  nerves  or  vessels  across  them  shoald 
determine  the  flexures  to  take  place  at  this  or  that  particular  point 
When  some  fibres  are  straight  and  others  zigzag,  and  yet  the  ends  of 
all  equidistant,  it  is  clear  that  the  straight  ones  are  the  short  or  con- 
tracted  ;  the  zigzag,  the  long  or  relaxed.  So,  also,  when  a  living 
muscle  is  laid  bare  in  situ^  the  air  excites  tremors  and  a  zigzag  appear- 
ance on  its  surface,  by  the  different  fibres  taking  on  non-simultaneoas 
contractions. 

Schwann  (Muller^s  Physiology,  by  Baly,  p.  905),  contrived  an 
apparatus  by  which  he  could  estimate  the  varying  force  of  contraction 
which  a  muscle  could  evince  under  the  same  stimulus,  (an  electric 
shock  of  a  given  power  applied  to  the  nerve,)  when  its  length  was 
varied,  by  its  passive  contractility  being  balanced  by  different  weights. 
He  sought  to  discover  whether  the  contractile  force  was  increased  as 
the  contracting  parts  approached  each  other  more  nearly.  If  he  had 
found  it  so  augmented,  there  would  have  been  some  reason  for  con- 
necting contractility  with  the  other  forces  of  attraction  with  which  we 
are  acquainted,  the  power  of  which  increases  with  the  nearness  of  the 
points  attracted,  in  the  ratio  of  the  square  of  the  distance.  But  the 
results  of  several  ingenious  experiments  were  quite  opposed  to  this 
notion ;  proving  that,  within  certain  limits,  the  power  of  a  muscle  to 
contract  under  a  stimulus  is  greater  in  proportion  as  it  is  less  con- 
tracted, and  that  it  diminishes  as  the  amount  of  contraction  in- 
creases. 

Considering,  as  we  are  perhaps  entitled  to  do,  that  an  equal  mass 
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'  each  fibre,  say  one-third,  was  in  contraction  at  any  one  instant  by 
eh  application  of  the  stimulus,  we  may  reduce  the  result  of  these 
periments  to  an  estimate  of  the  passive  contractile  power  under 
fferent  amounts  of  stretching;  for  then  the  varying  amount  of  aggre- 
ite  shortening  under  the  same  stimulus  would  indicate  the  varying 
Bount  of  resistance  to  elongation  afforded  by  the  intermediate  two- 
irds  to  the  same  amount  of  active  contractile  force  in  the  one- third. 
It  is  clear,  from  that  which  precedes,  that  contractility  is  a  property 
siding  in  the  sarcous  tissue  by  virtue  of  its  chemical  constitution, 
\d  that  it  is  capable  of  being  called  into  action  by  other  stimuli  be- 
les  the  nervous.  That  it  departs  with  life,  is  a  proof  that  those 
lions  of  waste  and  nutrition,  concomitant  with  the  flux  of  life,  are 
sential  for  its  integrity.  We  know  that  contractility  is  exhausted 
»th  by  disuse  of  a  muscle,  and  by  over-use  consequent  on  over- 
imalation ;  and  in  no  other  way  can  these  opposite  causes  act  than 
r  their  both  interfering  with  healthy  nutrition.  That  they  do  thus 
tj  is  rendered  probable  by  other  proofs.  It  has  long  been  known 
at  cutting  off  the  supply  of  blood  from  a  muscle  destroys  its  con- 
ictility ;  that  unnatural  temperature  has  the  same  effect;  and,  in 
meral,  that  all  causes  affecting  nutrition  affect  also  contractility  in 
e  same  degree. 

The  contractility  of  a  muscle  has  also  invariably  a  certain  com- 
exion  or  character  connected,  we  might  almost  say,  with  the  vigor. 
It  at  least  with  the  character,  of  the  nutrient  process  in  the  particu- 
r  muscle.  This  fact  has  been  ably  illustrated  by  Dr.  Marshall  Hall, 
ee  article  "  Irritability,"  Cychp.  of  Anal,  and  Phys.j)  who  never- 
teless  is  opposed  to  the  great  conclusion  which  we  consider  to  flow 
jm  it,  that  contractility  is  proportioned  to  the  activity  and  perfection 
fthe  nutrient  function. 

If  we  suddenly  check  the  supply  of  nutrient  material  to  the  mus- 
es of  various  animals,  in  the  same  state  as  regards  previous  stimu- 
tion,  and  in  such  a  manner  as  not  to  stimulate  the  muscles  in  so 
mig,  we  shall  find  that  their  contractility,  as  evidenced  by  their 
Mitracting  under  a  given  stimulus,  endures  through  very  unequal 
!riods  of  time.  Thus,  in  the  bird  it  is  very  evanescent;  in  the 
sect,  also,  it  is  very  evanescent ;  in  the  mammal  less  so ;  in  the 
ptile  it  lingers  longer ;  while  in  the  fish  and  crustacean  it  is  in  gene- 
1  Teiy  enduring. 

The  degree  in  which  oxygen  is  admitted  to  the  tissues  in  these  ani- 
als,  corresponds  in  the  main  with  the  scale  thus  designated  by  the 
lative  endurance  of  the  contractility  of  their  muscles.  Nothing  is 
ore  probable  than  that  the  amount  of  oxygen  admitted  to  the  tis- 
les  may  be  taken  as  a  fair  estimate  of  the  activity  in  them  of  the 
x^cesses  of  waste  and  assimilation.  Now,  we  know  that  the  vitality 
'the  tissues  does  not  cease  immediately  on  their  supply  of  nutriment 
»Dg  cut  off;  that  death  of  the  whole  animal,  as  an  individual,  is  not 
^eessarily  attended  with  simultaneous  death  of  every  part ;  that  so* 
oHc  death  generally  follows  s^ystemic  death  from  the  functions  being 
>  longer  concatenated  in  mutual  dependence ;  and  it  is  entirely 
iDSonant  with  facts  to  suppose  that  the  endurance  of  the  vital  func- 
)Ds  in  the  tissues  after  systemic  death  is  proportionate  to  the  slow- 
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ness  with  which  they  are  o/dinarily  performed.  The  close  corre- 
spondence, therefore,  between  the  dura^tion  of  contractility  and  the 
slowness  of  the  nutrient  function  in  various  animals,  is  a  strong  en* 
dence  of  the  dependence  of  the  one  on  the  other. 

And  it  is  extremely  interesting  to  observe,  that  not  only  does  a  lea 
arterial  character  of  the  blood  co-exist  with  a  more  enduring  contrac- 
tility, but  also  that  there  is  less  of  it  supplied  to  the  muscles,  for  the 
above  scale  corresponds  also  with  that  in  which  animals  are  ranged 
in  regard  to  the  size  of  the  elementary  fibres ;  and  we  have  already 
seen  that  the  vascularity  of  a  muscle  is  inversely  as  the  thickness  of 
its  fibres. 

Thus  we  have  animals  ranged  in  the  same  series,  whether  we  esti- 
mate it  by  the  duration  of  contractility,  the  degree  of  the  oxygeni- 
tion  of  the  blood  and  tissues,  or  the  quantity  of  blood  sent  to  the 
muscles,  viz.,  birds,  insects,  mammalia,  reptiles,  fish,  and  crustacei. 
The  meaning  of  this  correspondence  may  be  further  illustrated  by  the 
phenomena  of  hybernation,  in  which  all  the  functions  are  held  en- 
chained, and  we  are  certain  that  nutrition  proceeds  with  extreme  lan- 
guor. In  the  hybernating  animal,  contractility  is  very  enduring,  as 
compared  with  that  property  in  the  very  same  organs  when  in  a  state 
of  greater  vital  activity. 

Nor  must  the  evident  relation  subsisting  between  fibrine  and  the 
sarcous  tissue,  in  respect  of  their  vital  properties,  be  passed  over  in 
silence.     In  chemical  constitution  they  may  be  said  to  be  identical; 
and  there  seems  no  doubt  that  muscle  is  formed  by  the  direct  deposi- 
tion in  a  solid  form  of  the  fluid  fibrine  of  the  blood,  under  the  elective 
attraction  of  the  previously  existing  tissue.    Now,  in  birds,  the  blood, 
i.  e.y  its  fibrine,  coagulates,  or  assumes  the  solid  form,  very  quickly 
when  it  is  withdrawn  from  the  vessels,  in  mammalia  less  so,  and  in 
reptiles  and  fishes  very  tardily,  if  in  these  several  cases  it  be  placed 
in  similar  circumstances.   A  fatal  stroke  of  lightning,  which  instanta* 
neously  destroys  contractility  in  the  muscles,  prevents  also  the  coagu- 
lation of  the  blood.     In  the  same  person,  under  health  and  disease, 
the  blood  may  vary  much  in  the  speed  with  which  it  coagulates, 
according  to  its  chemical  constitution,  the  amount  of  oxygen  accu- 
mulated in  it,  and  the  activity  of  the  vital  processes:  and,  after  death, 
the  coagulability  of  the  blood,  and  the  contractility  of  the  muscles, 
have  a  general  correspondence,  which  has  been  even  made  the  basis 
of  an  hypothesis,  ascribing  the  rigor  mortis^  or  the  dying  act  of  contrac- 
tion, to  coagulation  of  the  blood.*     It  will  be  subsequently  explained 
(see  chapter  on  the  Blood)^  that  the  fibrine  of  the  blood,  on  becoming 
solid,  acquires  for  a  brief  period  the  property  of  contractility;  and 
this  in  very  different  degrees,  according  to  varieties  in  the  same 
causes  which  affect  the  speed  of  its  coagulation.     No  one  will  pre- 
tend that  this  is  not  as  much  a  property  of  living  fibrine  when  solid, 
as  that  of  coagulating  is  of  the  same  substance  when  fluid ;  and  the 
correspondence  between  the  coagulated  living  fibrine  of  the  blood  and 
the  living  sarcous  tissues  in  chemical  constitution,  in  the  possession 

*  Orfila,  Beclard,  and  Treviranus  hold  this  dew,  which  Muller  seems  to  regard  as 
not  untenable. 
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*  contractility,  and  in  the  modes  in  vhich  that  vital  property  in  both 

affected  by  similar  causes,  adds  strong  confirmation  to  the  opinion 
e  have  expressed,  that  contractility  is  a  property  of  the  living  mus- 
ilar  substance  as  such. 

But  contractility  does  not  vary  in  its  durability  alone ;  it  also  pre- 
Dts  great  differences  in  regard  to  its  aptness  to  excitation  by  stimuli : 
id  it  would  appear  that  these  characters  are  always,  ceteris  paribus^ 

an  inverse  relation  to  one  another.  In  birds  and  insects,  which 
iTe  for  the  most  part  to  sustain  themselves  by  very  energetic  and 
pid  muscular  movements  in  the  air,  the  excitability  is  extreme ; 
id  certainly  the  motions  performed  by  these  creatures  far  exceed  in 
recision,  regularity,  and  frequency  those  of  any  other  animals. 

The  rigor  mortis^  or  stiffening  of  the  body  after  death,  is  due  to  a 
Mitraction  of  the  muscles.  If  the  contractility  of  a  muscle  be  endur- 
ig,  the  rigor  comes  on  late  and  lasts  long ;  but  if  it  be  evanescent 
ad  its  character  excitable,  the  rigor  begins  very  soon  and  quickly 
;nninates.  lliis  is  true  in  different  individuals  and  classes  of  animals, 
nd  corresponds  entirely  with  what  we  have  already  said  of  the  varic- 
es of  this  property.  Its  cause  is  obscure,  and  may  be  complex ;  but 
s  resemblance  to  the  contraction  of  fibrine  after  recent  coagulation 
\  too  obvious  to  be  overlooked.  Its  nature  is  shown  by  the  preceding 
bservations  (p.  170). 

We  have  the  power,  at  will,  under  certain  limitations,  of  produc- 
ig,  checking,  and  regulating  the  amount  of  contraction  in  the  volun- 
iiy  muscles ;  and,  as  a  necessary  part  of  this  power,  we  are  able  to 
ppreciate,  by  certain  sensations  originating  in  the  muscles,  what  pre- 
ise  degree  of  contraction  is  present  in  each.  This  latter  is  only  that 
lodification  of  common  sensibility  which  belongs  to  muscle.  It  has 
een  termed  the  muscular  sense.  In  it  we  possess  a  most  important 
id  to  the  sense  of  touch,  being  able  accurately  to  vary  the  posi- 
lOQ  and  amount  of  pressure  on  external  objects  in  voluntary  accord- 
nce  with  the  impressions  these  communicate  to  the  sensorium  through 
be  tactile  nerves ;  and  by  it  we  are  able  to  estimate  with  nicety  the 
mount  of  muscular  power  required  to  balance  various  resistances,  as 
reight,  &c.  In  general,  these  resistances  must  be  brought  into  rela- 
ion  with  the  muscular  sense  through  the  oi^n  of  touch,  which  is 
dapted  to  this  purpose  by  its  superficial  position  on  the  body.  But 
be  powers  of  the  muscular  sense,  isolated  from  tact,  are  exhibited, 
1  its  enabling  one  to  estimate  the  weight  of  a  tumour  developed  in 
le  interior  of  the  limb,  and  in  general  the  resistance  afforded  by  the 
reight  of  one  part  of  the  body,  or  the  action  of  one  muscle  or  set  of 
loscles  to  that  of  another.  Hence  a  principal  source  of  the  marvel- 
>us  power  which  all  animals  possess  of  associating  the  various  parts 
f  their  bodies  in  numberless  combinations  of  harmonious  movement. 

<y"  some  varieties  of  muscular  movement, — Having  described  the 
ifferences  between  the  movements  of  active  and  passive  contrac- 
on,  we  shall  now  be  more  able  to  refer  to  their  proper  causes  those 
arieties  of  movement  by  which  certain  muscles  or  classes  of  mus- 
les  are  distinguished.  In  briefly  adverting  to  these,  we  shall  have 
>  glance  at  some  collateral  considerations  regarding  the  mode  of  their 
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connection  with  the  nervous  system,  which  cannot  be  fully  under- 
stood without  reference  to  what  will  be  afterwards  said  under  that 
head. 

The  action  of  the  sphincters  of  the  anus  and  bladder  seems,  at  first, 
peculiar.   They  are  constantly  contracted,  except  during  the  passage 
of  the  contents ;  and  yet  no  fatigue  attends  this  persistent  actioD.  The 
explanation  is  very  simple.     They  remain  contracted  unless  the  con* 
tained  matters  are  forced  within  them  by  a  superior  power.     Now, 
their  mass,  and  therefore  their  contractility,  is  superior  to  that  of  the 
wall  of  the  cavity  above  ;  consequently  their  passive  contraction  en- 
dures while  that  of  the  parts  above  is  being  gradually  mastered  by 
the  accumulation  of  the  feces  or  urine.     But,  when  these  excretions 
at  length  excite  active  contraction  in  the  walls  of  the  cavity  contain- 
ing them,  this  overcomes  the  passive  contraction  of  the  sphincters, 
and  the  evacuation  occurs.     The  sphincters  have  striped  fibres  and 
voluntary  nerves,  by  means  of  which  we  can  for  a  time  add  active  to 
passive  contraction,  and  thus  retard  the  expulsion  ;  but,  as  the  acco- 
mulation  proceeds,  this  power  is  diminished  or  lost,  and  the  sphinc- 
ters yield.     The  levator  and  sphincter  ani  frequently  aid  the  accumu- 
lation of  the  feces  by  temporary  active  contractions,  by  which  the 
feces  tending  to  dilate  the  sphincter  are  pushed  backwards  for  a  while. 
The  rectum  is  thus  preserved  empty  until  the  period  immediately  pre- 
ceding defecation. 

In  paralysis  of  the  lower  part  of  the  body  from  disease  or  inJQiy 
of  the  spine,  the  voluntary  power  of  the  sphincters  is  lost,  and  the 
feces  and  urine  pass  involuntarily.  But  this  is  no  proof,  as  is  com- 
monly imagined,  that  the  ordinary  contraction  of  the  sphincter  ii 
an  active  one,  performed  in  obedience  to  a  continuous  nervous  stimu- 
lus. The  difference  is,  that  it  can  now  induce  no  active  contrac- 
tion through  the  nerves,  to  counteract  temporarily,  and  in  obedience 
to  the  will,  the  active  contractions  of  the  parts  above,  which  are  not 
under  the  influence  of  volition,  and  are  not  paralyzed.  Hence,  when- 
ever the  feces  are  driven  against  it,  it  gives  way,  against  the  patient's 
will,  and  (if  the  sensitive  nerves  are  also  paralyzed),  without  bis 
knowledge. 

Contractions  are  called  peristaltic  or  vermicular^  which  advance 
through  a  muscle  in  a  slow  and  progressive  manner.  When  analyzed 
closely,  we  shall  find  that  they  are  only  a  variety  of  the  active  con- 
traction already  described.  If  a  number  of  striped  fibres  are  arranged 
in  a  lon^  series,  and  are  contracted  in  succession  (as  in  caterpillars), 
the  resulting  movement  is  vermicular ;  but  in  the  higher  animals  it 
is  only  in  the  hollow  unstriped  muscles  that  this  variety  of  contraction 
occurs  ;  and  the  best  example  of  it  is  in  the  alimentary  canal.  On 
laying  bare  the  intestines  of  an  animal  just  killed,  we  observe  snc- 
cessive  waves  of  contraction  advancing  down  the  tube,  and  urging 
its  contents  along.  They  appear  to  be  rendered  more  active  by  the 
contact  of  the  cold  air  ;  but  may  be  re-excited,  when  they  have  almost 
subsided,  by  irritation  of  the  sympathetic  ganglia,  from  which  the 
muscles  are  supplied  with  nerves.  If  a  single  point  of  the  intestine 
be  touched,  a  contraction  presently  occurs  there,  which  moves  on- 
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Is  to  a  considerable  distance,  and  is  often  succeeded  by  others 
taneously  arising. 

is  impossible  not  to  remark  the  close  similitude  between  these 
"actions  and  those  visible  by  the  microscope  in  the  striped  ele- 
MTj  fibre.     We  have  here  on  a  large  scale  the  wave-like  charac- 
lere  exhibited.    A  contracting  voluntary  muscle  exposed  to  view 
bits  a  tremulous  motion,  and  it  may  be  a  question  how  far  this 
depend  on  numerous  contractions  strictly  vermicular,  affecting 
samve  sets  of  fibres,  but  prevented,  by  their  irregularity  and 
of  coincidence  through  the  whole  muscle,  from  appearing  so  to 
!je.   When  the  pectoral  muscle  is  struck,  a  knot-like  contraction 
moves  off  in  a  slow  manner  in  the  direction  of  the  fibres.   Peri- 
e  contraction  is  coincident  in  a  large  number  of  contiguous 
I ;  and  its  progressive  character  is  more  easily  perceived  in  con- 
nice  of  the  arrangement  of  the  fibres  around  a  compressible  cav- 
Tbe  contraction  appears  more  sluggish  than  other  forms ;  but, 
e  are  ignorant  of  the  length  of  each  unstriped  fibre,  we  cannot 
rhether  this  slowness  is  in  advance  along  each  one,  or  merely 
one  to  another. 

le  contraction  exhibited  by  the  muscles  in  question  is  always  of 
leristaltic  character,  by  whatever  stimulus  excited ;  and  its  type 
•refore  probably  derived  from  some  peculiarity  in  the  fibres  them- 
!8,  as  in  their  arrangement.  But  it  is  remarkable  that  the  stimuli 
h  usually  excite  it,  are  applied  in  succession  t^  different  parts, 
ire  thus  entirely  suited  to  the  production  of  the  peristaltic  con- 
ion.  We  have  a  striking  example  of  this  in  the  oesophagus, 
h  is  simply  a  tube  of  transmission,  and  not  intended  to  delay  the 
The  pellet,  when  thrust  into  it  by  the  muscles  of  the  pharynx, 
lids  its  fibres,  which,  then  contracting  upon  it,  ptopel  it  into  a 
portion  ready  to  receive  it.  This  in  its  turn  contracts,  and  urges 
og;  and  so  on,  until  it  is  conducted  to  the  stomach. 
this  instance,  it  is  evident  that  the  propelled  substance  is  itself 
timulus  to  the  successive  contractions.  This  it  may  be,  either 
steading  the  fibres,  and  so  acting  locally  upon  them ;  or  else  by 
easing  the  nerves  of  the  membrane  touched,  in  such  a  way  as  to 
e  a  nervous  stimulus  to  the  muscular  coat  at  each  particular  part, 
e  proper  moment.  As  the  food  is  not  propelled  if  the  nerves 
ivided,  there  can  be  little  doubt  that  the  latter  is  the  true  expla- 

n. 

le  contraction  of  the  bladder  occurs  after  a  gradual  distension, 
though  very  temporary,  is  probably  of  the  true  peristaltic  kind. 
more  protracted  action  of  the  uients  is  undeniably  so.  In  preg- 
mnimaLls  this  may  be  as  distinctly  perceived  as  in  the  intestines, 
t  probably  occurs  during  the  gradual  development  of  the  muscu- 
ractare  as  pregnancy  advances ;  but  at  length  a  very  powerful 
Ise  occasions  the  expulsion  of  the  young,  and  the  uterus  subse- 
tly  remains  contracted,  because  no  force  distends  its  fibres.  The 
-pains  mark  the  final  efforts  of  active  contraction.  Atrophy  of 
issne  then  occurs,  as  its  development  had  done,  in  accordance 
other  laws. 
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Bhythmicol  contractions  are  those  which  succeed  one  another  ifter 
regular  interirals  of  repose.  The  muscles  of  respiration  and  the  heiit 
exhibit  them  through  life,  which  would  cease  if  they  were  intermitted 
even  for  a  brief  period  ;  for  the  oxygenation  of  the  blood,  and  the 
dispersion  of  that  fluid  through  the  substance  of  the  various  oreaui 
must  incessantly  proceed.  Hence  neither  is  an  act  of  the  wUl  re- 
quired for  their  production,  nor  could  it  under  any  circumstances  pre- 
vent them.  The  heart  beats  independently  of  our  consciousness  or 
control;  but  the  respiratory  actions  may  be  hastened,  or  retarded, at 
will,  though  not  stopped.  This  voluntary  power  is  given  because 
these  muscles  are  required  in  various  movements  of  the  body,  either 
alone,  or  in  aid  of  others ;  they  minister  to  other  functions  besidei 
that  of  respiration.  The  voluntary,  or  irregular  action,  however,  is 
entirely  subordinate  to  the  involuntary  and  rhythmical. 

The  rhythmical  character  of  the  respiratory  act  is  to  be  explained  by 
reference  to  the  stimulus  by  which  it  is  ordinarily  excited.  This  isio 
impression  made  on  the  internal  surface  of  the  lungs  by  the  deterio- 
rated air,  and  recurs  periodically  from  the  change  induced  in  the 
inspired  air  by  its  contact  with  the  blood  in  the  air-cells. 

Though  the  heart  is  in  no  respect  under  voluntary  influence,  yet 
emotional  and  instinctive  impulses  easily  afiect  it:  its  action  is  throb- 
bing, tumultuous,  or  feeble.  These  impulses  act  through  the  cardiac 
nerves,  which,  if  stimulated  mechanically,  will  excite  contractions  in 
a  heart  remove^from  the  body,  and  which  has  almost  ceased  to  beat: 
but,  under  all  circumstances,  the  action  of  the  heart  is  rhythmical. 
The  cause  of  the  rhythm  it  is  exceedingly  diflicult  to  resolve.  This 
variety  of  contraction  is  coincident  with  periodic  distension  of  the 
cavities,  and  impressions  on  their  lining  membrane.  But  it  continues 
long  after  the  heart  is  empty,  and  its  nerves  cut.  Hence,  whaterer 
share  these  circumstances  may  have  in  giving  the  rhythmical  character 
in  the  natural  condition  of  the  parts,  they  are  certainly  not  essential 
to  each  individual  pulse.  It  is  singular  that  a  mechanical  stimulus 
applied  once  to  the  heart  will  often  excite  a  series  of  contractions 
after  they  had  ceased,  or  modify  the  rhythm  of  those  previously  exist- 
ing; its  efiects  being  thus  prolonged  through  many  beats. 

In  reviewing  the  actions  of  the  voluntary  muscles  we  may  remark 
the  following  interesting  circumstances : 

1.  Jis  to  association  of  movements, — By  the  mechanical  arrange- 
ments of  the  muscles  on  the  bony  framework,  and  by  the  peculiarity 
of  their  several  nervous  connections,  they  are  rendered  capable  of 
conspiring  in  those  combined  actions  which  produce  the  various  atti- 
tudes and  general  movements  of  the  body.  There  are  few  muscular 
actions,  indeed,  of  an  entirely  solitary  kind.  In  the  animation  of  the 
features  under  the  passions,  in  articulation,  in  deglutition,  in  respira- 
tion, and  in  numberless  other  cases,  we  have  examples  of  this  asso- 
ciation of  many  actions  to  the  production  of  one  efiect.  Even  the 
consent  of  the  fibres  of  a  single  muscle  in  contraction  is  an  instance 
of  this  fact.  Among  innumerable  other  proofs  of  harmonious  design 
in  the  construction  of  the  animal  body,  this  might  be  singled  out  as 
a  most  convincing  one,  that  not  only  are  the  hard  levers,  and  their 
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lints  and  motive  engines,  so  buih  up  as  to  be  entirely  proportioned 
ad  adapted  to  one  another  in  shape,  strength,  and  position,  and  a 
rstem  of  neirous  communications  established,  by  which  the  motor 
ower  can  be  at  once  excited,  prolonged,  or  controlled  in  any  particu- 
r  muscle ;  but  that  the  mere  will,  an  emotion,  an  excitement  of  sense, 
r  even  one  unconsciously  received,  is  able,  by  the  correspondence 
usting  between  the  difierent  parts  of  the  nervous  system,  to  pro- 
ace  associated  actions  in  precisely  those  parts  mechanically  adapted 
I  move  in  concert,  and  this  with  exquisite  exactitude  as  weU  as  va- 
ety. 

Such  is  the  nature  of  the  nervous  communications  between  certain 
luscles,  that,  in  numerous  instances,  one  cannot  be  stimulated  to 
Mitraction  without  others  contracting  of  necessity  at  the  same  time. 
Iiis  depends  very  generally  on  the  mechanical  disposition  of  mus- 
les,  obliging  certain  of  them  to  fix  a  point  from  which  others  may 
6t.  Thus  the  scapula  is  continually  being  fixed  by  the  muscles 
onnecting  it  with  the  trunk,  in  order  that  the  arm  may  be  wielded 
pon  it.  Thus,  also,  the  brow  cannot  be  elevated  by  the  frontalis 
ritbout  the  occipitalis  fixing  the  intermediate  tendon.  But,  in  other 
latances,  this  necessary  consent  is  dependent  on  the  symmetrical 
rrangement  of  similar  parts  on  the  two  sides  of  the  body.  Some 
etsons  cannot  close  one  eye,  keeping  the  other  open  ;  or  dilate  one 
oitril  without  the  other :  we  cannot  look  up  with  one  eye,  and  down 
ritb  the  other ;  nor  compress  the  abdominal  cavity  by  the  muscles  of 
He  side  without  those  of  the  other.  There  is,  indeed,  a  general  tend- 
Dcy  to  symmetrical  movement,  which  it  is  the  part  of  education 
ad  babit  to  overcome  within  certain  limits.  The  movements  of  the 
ands — those  wonderfully  versatile  instruments  of  man's  intellect — 
re,  in  his  state  of  infancy,  generally  symmetrical.  The  unsymme- 
ical  actions  of  walking  are  a  slow  acquisition.  Most  motions  that 
re  symmetrical  are  also  harmonious  ;  but  there  is  one  example  in 
rhich  symmetry  gives  way  to  harmony  of  movement,  viz.,  in  the 
iteral  motions  of  the  eyes,  where  symmetry  would  produce  a  squint, 
ad  derange  the  consent  of  the  images  on  the  two  retinae.  Here, 
lerefore,  by  the  distribution  of  the  nerves,  non-symmetrical  muscles 
re  made  to  produce  a  harmonious  movement. 

The  various  attitudes  of  man  may  here  be  briefly  explained.  Mus- 
alar  actions  associated  to  produce  an  attitude  are  styled  co-ordinate. 
Iiey  conspire  in  obedience  to  the  particular  organization  of  thenerv- 
OS  and  muscular  systems ;  and  the  resulting  postures  are  natural, 
nd  perfectly  accordant  with  the  wants  and  habits  of  the  species. 
[ost  attitudes,  if  perfectly  natural,  are  graceful,  just  as  external  fig- 
re  is  graceful ;  unnatural  attitudes  are  more  or  less  constrained,  or 
wkward.  The  co-ordinate,  like  other  movements  of  the  voluntary 
inseles,  are  liable  to  be  influenced  by  passions  and  afiections  of  the 
lind.  Hence  the  internal  commotions  of  the  soul  betray  themselves 
I  the  attitudes  of  the  body  as  surely  as  in  the  lineaments  of  the  coun- 
!Dance. 

In  considering  the  difierent  attitudes,  it  is  to  be  remembered  that 
ve  human  body  is  not  withdrawn,  either  by  its  organization  or  vital 
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endowments,  from  the  operation  of  the  general  laws  of  matter ;  and, 
accordingly,  that  the  muscular  actions  occurringwithin  it  are  all  adapt- 
ed to  act  upon  its  several  parts,  as  upon  masses  of  certain  shapes, 
sizes  and  weights.  In  all  attitudes  the  centre  of  gravity  must  be 
maintained  within  the  base  of  support. 

In  standings  the  base  of  support  is  the  space  included  between  the 
extreme  points  of  the  feet.  The  feet  are  separated,  and  the  toes 
turned  outwards  to  increase  it.  If  the  body  be  pushed  aside,  the  ibot 
is  instantly  carried  under  it,  or  it  falls ;  and  if  motion  be  unexpectedly 
given  to  the  feet,  while  the  body  remains  at  rest  by  its  inertia,  (as 
when  a  boat  in  which  we  are  standing  is  suddenly  shoved  off  from  the 
shore,)  the  body  falls.  In  standing  upright,  both  legs  are  kept  ex- 
tended, and  the  spine  and  head  erect :  if  the  muscles  that  effect  this 
be  suddenly  paralyzed,  as  when  a  man  is  shot  dead,  the  head  droopi 
on  the  chest,  the  curves  of  the  spine  are  increased  by  the  pressure 
of  the  superincumbent  weight,  and  the  whole  trunk  approaches  the 
ground  by  bending  the  joints  that  were  before  extended. 

The  muscular  action  required  to  maintain  the  erect  posture  of  the 
body  is  very  great.  This  is  shown  by  the  fatigue  that  ensues  on  ae 
attempt  to  remain  perfectly  still  in  the  erect  posture,  even  for  a  veiy 
short  time.  In  fact,  though  we  can  stand  long  at  a  time,  it  is  only 
by  frequently  relieving  one  set  of  muscles,  and  bringing  another  into 
play,  as  every  one  may  convince  himself  by  attention  to  his  own  case. 
We  throw  the  weight  of  the  body  first  on  one  leg,  then  on  the  other; 
we  change  the  position  of  the  feet,  and  of  the  ankle,  knee,  and  hip 
joints,  as  well  as  of  the  rest  of  the  body. 

Under  all  these  movements,  the  centre  of  gravity  has  to  be  kept 
within  the  basis  of  support;  and,  to  effect  this  object,  the  differeat 
muscular  actions  on  which  the  erect  posture  depends  must  be  ex- 
quisitely balanced  against  one  another,  and,  when  one  is  altered,  the 
rest  must  be  re-adjusted  in  harmony  with  it.  In  the  practised  tum- 
bler, balancing  himself  on  a  point,  or  the  opera-dancer,  poised  on  a 
single  toe,  we  have  the  most  beautiful  examples  of  the  precision  of 
this  adjusting  power.  Where  the  basis  of  support  is  ampler,  it  is  less 
apparent,  but  not  less  real. 

The  various  parts  of  the  body  are  weights^  and,  in  the  muscular 
adjustments,  are  treated  as  such.     By  their  symmetrical  develop- 
ment on  the  two  sides,  they  are  naturally  balanced,  and  thereby  car- 
ried with  less  muscular  effort.     When  two  equal  artificial  weights 
are  fixed  on  opposite  sides  of  the  body,  equidistant  from  the  centre  of 
gravity,  (as  when  buckets  are  suspended  from  a  bar  passing  across 
the  shoulders,)  the  mere  weight  is  all  that  the  muscles  have  to  sup- 
port: but,  if  one  be  removed,  a  corresponding  inclination  of  the  body 
must  instantly  be  made  towards  that  side  to  counterpoise  the  other; 
and  for  this  a  sustained  muscular  effort  must  be  made  in  addition  to 
that  required  for  the  support  of  the  remaining  weight.     Now,  a  part 
of  the  body  on  one  side  (say,  an  arm),  by  being  carried  from  the  cen- 
tre of  gravity,  may  disturb  the  equilibrium  of  weight,  just  as  moving 
the  weight  on  a  scale-beam  disturbs  it :  that  side  of  the  body  becomes 
relatively  heavier,  and  an  inclination  towards  the  opposite  is  rendered 
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pessary.  In  all  the  changes  of  attitudes,  similar  adjustments  are 
ing  constantly  made;  and,  in  general,  the  more  accurately  they  are 
BGted,  and  the  more  economically  in  regard  to  the  outlay  of  mus- 
lar  power,  the  more  graceful  and  pleasing  are  the  movements  and 
ihires  themselves. 

In  the  associated  movements  of  progressioriy  or  locomotion,  the  same 
camstances  are  observed :  walking,  running,  and  leaping  are  but 
ierent  modes  in  which  the  body  is  repeatedly  inclined  by  muscular 
brt  beyond  the  basis  of  support ;  and  this  basis  brought  again  and 
aio,  by  muscular  eflbrt,  under  the  centre  of  gravity. 
The  movements  of  ordinary  walking  may  be  readily  analyzed. 
ippose  we  commence  by  advancing  the  left  leg.  We  first  slightly 
lie  the  left  heel,  and  bend  the  left  knee,  to  disengage  the  limb  from 
ic  ground ;  throwing  the  weight  of  the  body  on  the  right  limb,  and, 
terefore,  inclining  the  body  towards  the  right  side.  The  body  is 
ov  raised  by  an  extension  of  the  right  ankle-joint,  effected  chiefly 
f  the  calf;  the  ball  of  the  foot  resting  on  the  ground,  which  serves 
safalcrum.  At  the  same  time  the  body  is  thrown  in  advance  of 
his  fulcrum,  and  would  fall,  were  it  not  that  the  left  leg  is  now 
(Toogfat  under  it,  and  receives  its  weight,  by  which  the  body  is  in 
onmclined  to  the  left.  The  right  leg,  which  had  been  extended, 
s  then  bent,  raised  from  the  ground,  and  swung  forwards,  ready 
pin  to  sustain  and  project  the  body,  when  the  left  leg  has  gone 
bioagh  a  similar  movement.  In  runnings  the  muscular  actions  are 
eiformed  in  a  similar  succession,  but  more  rapidly  and  more  vigor- 
ady.  The  body  is  more  bent  forwards,  and  its  weight  made  more 
fectaally  to  aid  progression.  In  leaping^  the  body  is  projected  by  a 
idden  extension  of  both  the  lower  limbs,  and  raised,  for  a  brief 
ae,  entirely  from  the  ground,  the  feet  being  advanced  again  in  time 
receive  its  weight  as  it  descends. 

2.  mSsto  the  manner  in  which  mevements  of  the  voluntary  muscles  are 
cited. — These  muscles  are  subject,  through  the  motor  nerves,  to 
e  influence  of  several  remote  stimuli,  already  enumerated,  and  the 
ief  of  which,  volition^  gives  its  name  to  the  class.  These  stimuli, 
the  healthy  body,  impress  the  motor  nerve  in  the  nervous  centre, 
d  the  eflect  is  a  contraction  of  the  muscle.  By  an  exertion  of  the 
U  we  can  contract  more  or  fewer  muscles  at  once,  and  to  any  de- 
ee,  within  certain  limits :  we  can  contract  antagonist  muscles  toge- 
er,  or  alternately,  and  through  a  longer  or  shorter  period. 
But  every  voluntary  muscle  is  subject  to  other  influences  more 
rtain  and  more  powerful  in  their  operation  than  the  will,  and  to 
lich  the  will  has  often  to  yield.  The  wonderful  and  characteristic 
ivements  of  the  body,  and  especially  of  the  features  under  the 
pulses  of  passions  and  emotions,  are  all  involuntary,  of  which  the 
St  proof  is  to  be  found  in  the  Very  partial  power  "the  will  has  of 
(training  them.  To  imitate  the  movements  of  passion  is  a  task  of 
treme  difiiculty  ;  and  those  actors  succeed  the  best  who  lose  them-^ 
Ives  the  most  m  their  characters,  that  is,  who  the  most  completely 
looie  for  the  time  the  passion  they  design  to  portray.  Without 
m  quality  the  most  elaborate  imitation  is  cold,  and  fails  to  touch  our 
13 
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sympathies.   The  genius  of  the  histrionic  artist  consists  chiefly  in  tUs 
power. 

Many  movements  ensue  involuntarily  when  certain  impressions  are 
made  on  the  surface  of  the  body,  or  in  any  part  of  its  interior,  either 
by  external  or  internal  causes.  Such  impressions  are  usually  attended 
with  consciousness,  but  sometimes  not ;  so  that  there  is  no  reason  to 
believe  that  perception  of  the  impression  is  in  any  way  essential  to 
the  prodnction  of  the  movement.  All  such  movements  are  termed 
reflex.  The  contraction  of  the  esophagus  in  swallowing  is  an  exam- 
ple of  them  without  consciousness.  The  sudden  inspiration  that  fot 
lows  a  dash  of  cold  water  on  the  skin,  and  the  writhings  produced 
by  tickling,  are  instances  attended  with  consciousness.  AH  muscular 
actions  consequent  on  pain,  and  which  are  not  the  immediate  act  of 
the  will,  are  similar  in  kind,  though  the  stimulus  producing  them  is 
unnatural. 

Reflected  movements  are  sometimes  called  instinctive;  but  this  term 
is  better  limited  to  actions  resulting  from  a  propensity  in  the  mind,  of 
the  meaning  of  which  we  are  ignorant,  but  which  we  follow  blindly 
without  reference  to  consequences.  Such  propensities  are  developed  in 
animals  much  more  than  in  man ;  and  in  man  more  during  his  infiwcj 
Than  in  his  mature  state,  when  reason  asserts  her  domination  over  in- 
stinct. Instinct  exhibits  foresight ;  but  it  is  the  foresight  of  the  Creator, 
and  not  of  the  creature.  It  is  the  reason  of  God  working  with  themat^ 
rial  instruments  of  the  creature's  reason,  independently  of  the  crea- 
ture's will.  Hence  the  movements  consequent  on  its  impulses  have 
all  the  concatenation  and  character  of  movements  impelled  by  reason 
through  the  will ;  while  they  are  altogether  independent  of  the  will. 
Instinctive  movements  approach  the  most  nearly  to  voluntary  ones. 

Thus  passion,  emotion,  reflected  stimulation,  and  instinctive  im- 
pulses will  all  excite  involuntary  movements  of  thfe  voluntary  mus- 
cles ;  but,  in  the  natural  state  of  the  body,  all  these  causes  are  found 
acting  in  harmony  with  one  another,  often  conspiring  to  produce  the 
same  movement.    The  power  of  the  will  to  control  them  is  but  slight, 
and  in  some  cases  null.     It  differs  with  the  original  strength  of  that 
faculty,  with  the  temperament  of  the  individual,  and  especially  x^ith 
the  degree  in  which  it  has  been  affected  by  habit.    The  power  of  this 
law  is  in  nothing  more  conspicuous  than  in  its  influence  over  the 
human  will.     A  frequent  and  energetic  repetition  of  voluntary  acts 
of  control  over  the  involuntary  movements  of  passion,  emotion,  and 
instinct,  is  invariably  followed  by  an  increased  power  of  control,  and 
vice  versA.     This  also  extends  (but  in  a  less  degree)  to  those  move- 
m^ts  of  voluntary  muscles,  consequent  on  reflex  stimulation,  which 
are  not  essential  to  life. 

When  movements,  which  have  been  at  first  voluntary,  come  to  be 
performed  more  or  less  unconsciously,  they  are  styled  mechanical,  A 
thousand  instances  of  them  might  be  given  ;  all  voluntary  ones  becom- 
ing more  or  less  so  by  habit.  The  nervous  paths  through  which  the 
mandates  of  the  will  pass  to  the  muscles  grow  more  accessible  and 
open  by  use ;  and  less  and  less  efTort  of  volition  becomes  necessary 
to  thread  them,  every  time  that  effort  is  made.     In  the  early  periods 
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3f  life  ihe  will  is  exercised  in  totoiing  its  corporeal  instruments  to 
pre  prompt  and  ready  obedience  to  its  commands;  every  day  new 
essons  are  acquired,  and  old  ones  confirmed  ;  and,  having  at  length 
I  practised  body  at  its  beck,  it  is  able  to  execute  numerous  and  com- 
plicated morements  with  as  much  precision  as  those  of  the  most  deli- 
Sftte  and  subtile  kind,  and  all,  or  any  of  them,  without  being  itself 
listracted  with  the  business  of  their  immediate  supervision.  Like 
lie  general  of  a  disciplined  army,  the  will  issues  mandates  of  action 
ir  control ;  bvt  is  not  cognizant,  without  a  special  effort  of  attention, 
)f  anything  beyond  the  general  result  of  the  various  movements  that 
ts  orders  produce.  And  the  body,  that  executes  them,  is  constantly 
lerforming  other  movements,  of  a  routine  nature,  connected-  with  its 
mfety,  comforts,  or  ordinary  functions  ;  which,  though  at  first  they  had 
iemanded  the  general's  attention,  and  might  again  attract  it,  yet  hav- 
ing been  learnt  by  drilling,  are  now  executed  without  his  anxiety  or 
sren  co-operation.  They  are  the  working  of  a  practised  organiza- 
tion. Thus  many  particular  movements  are  included  in  general  ones, 
arithoutthe  will  having  the  smallest  immediate  share  in  their  produc- 
tion. The  countenance  takes  its  expression  from  the  prevailing  action 
of  its  muscles,  often  in  spite  of  our  efforts  to  the  contrary;  and,  in 
^eral,  the  attitude  and  bearing  wear  a  corresponding  character.  And 
dias  several  general  movements,  which  naturally  (or  by  an  act  of  the 
untutored  will)  are  impossible  because  incompatible,  are  rendered 
capable  of  being  simultaneously  performed. 

The  following  works  may  be  consulted  in  reference  to  Mascle  and  Mascnlar  Ac- 
(km: — Prochaska,  de  came  moscolari;  1778:  Fontana,  sur  le  venin  de  la  vipere; 
1781 :  John  Hunter's  Croonian  Lectures,  works  by  Palmer,  vol.  iv.;  Blane,  on  Mus- 
clar Motion,  in  his  select  dissertations ;  the  various  works  on  General  Anatomy 
looted  in  former  chapters ;  Barclay  on  Muscular  Motion ;  Mayo*s  Physiology ;  Mili* 
ler^s  Physiology,  by  Baly;  the  Articles  Muscle  and  Muscular  Action,  in  the  Cyclop. 
hMMU  and  Phys.  For  greater  details  on  the  Motions  and  Attitudes  of  the  body  than 
voiild  be  consistent  with  the  plan  of  this  work,  we  refer  to  the  Article  Motion  in  the 
pyelop.  AnaL  and  Phys.;  and  to  Weber's  Mechanik  der  Menschlicfaren  Gehewerk- 
Roge. 


CHAPTER  VIII. 

nnrEHVATION. — examples  of  NERVtftJS  ACTIONS. — NERVOUS  MATTER,  ITS 

CHEMICAL  AND  ANATOMICAL  ANALYSIS. THE  FIBROUS  AND  VESICULAR 

VERVOUS  MATTER. THE  NiJRVOUS  SYSTEM. THE  NERVES,  CEREBRO« 

SPINAL  AND    SYMPATHETIC. — THE   NERVOUS    CENTRES. NERVES  AND 

2IER%'OUS   CENTRES   IN    INVERTEBRATA. — DEVELOPMENT   AND    REPRO- 
DUCTION OF  NERVES. 

The  function  of  innervation  is  effected  through  the  medium  of  the 
leiTous  system,  which,  ramified  throughout  the  body,  and  connected 
irith  and  passing  between  its  various  organs,  serves  them  as  a  bond 
d  union  with  each  other,  as  well  as  with  the  sentient  principle  of  the 
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animal.  The  miDd  of  man  influences  his  corporeal  organs  throng^ 
the  instrumentality  of  this  system,  as  when  volition  or  emotion  excites 
them  to  action ;  and,  on  the  other  hand,  certain  changes  in  the  organs 
or  textures  of  the  body  may  afiect  the  mind  through  the  same  channel, 
as  when  impressions  made  upon  them  excite  mental  perceptions.  In 
this  way  the  nervous  system  becomes  the  main  agent  of  what  has  been 
called  the  life  of  relation ;  for  without  some  channel  for  the  trans- 
mission of  the  mandates  of  the  will  to  the  organs  of  motion,  or  some 
provision  for  the  reception  of  those  impressions  which  external  ob- 
jects are  capable  of  exciting,  the  mind,  thus  completely  isolated,  could 
hold  no  communion  with  the  external  world. 

The  nervous  system,  however,  can  act  independently  of  mental 
influence.  A  material  or  physical  change  in  the  nervous  substance, 
unconnected  with  any  aflection  of  the  mind,  is  capable  of  exciting  the 
action  of  nerves,  and  consequently  of  those  organs  which  are  sub- 
ject to  their  influence.  Some  kind  of  molecular  change  in  the  nenr- 
ous  matter  is  all  that  is  at  any  time  required  for  the  development  of 
its  peculiar  power ;  and  it  is  as  easy  to  conceive  that  this  alteration 
may  result  from  some  organic  cause,  as  from  mental  influence.  Of 
this  kind,  no  doubt,  are  all  those  nervous  actions  with  which  are 
associated  the  functions  of  the  life  of  the  individuals,  or,  in  the  lan- 
guage of  Bichat,  of  organic  life  ;  an  essential  character  of  which  is, 
that  they  are  completely  removed  from  the  influence  of  the  will. 

In  every  ordinary  voluntary  action,  the  first  step  is  a  mental  change, 
in  which  consists  the  act  of  volition.  The  mind  is  perfectly  able  to 
induce  this  change  in  itself,  without  any  reference  to  the  body:  but 
if  it  direct  its  influence  upon  certain  muscles,  the  contraction  of  those 
muscles  immediately  ensues,  in  a  combined  and  regular  manner,  so 
as  to  produce  the  predetermined  voluntary  action.  But  the  influence 
of  the  mind  cannot  be  brought  to  bear  upon  the  muscles,  save  through 
the  intervention  of  the  nerves,  as  is  amply  proved  by  the  destruction 
of  certain  voluntary  movements,  which  is  consequent  upon  the  de- 
struction of  certain  nerves. 

Again,  in  all  cases  of  common  or  of  special  sensation,  that  state 
of  the  mind,  in  which  the  sensation  consists,  is  induced  by  an  impres- 
sion made  upon  certain  bodily  organs,  and  conveyed  to  the  mind 
through  the  instrumentality  of  the  nerves.     For  there  is  abundant 
evidence  to  prove,  that,  while  the  mind  is  of  itself  capable  of  enter- 
ing that  state,  it  cannot  do  so  in  obedience  to  bodily  change,  if  cer- 
tain nerves  be  destroyed  or  impaired  ;  that,  in  short,  the  nerves  are 
the  only  corporeal  channel  through  which  sensations  can  be  excited. 
If  the  skin  be  forcibly  irritated  or  compressed,  instantly  pain  is  felt; 
but,  were  the  nerves  of  the  skin  destroyed,  no  degree  of  irritation  or 
pressure  would  make  the  mind  cognizant  of  the  injury.     Light  is 
admitted  to  the  eye,  and  forthwith  a  corresponding  affection  of  the 
mind  ensues;  but,  for  the  production  of  this,  the  integrity  of  the  optic 
nerve  is  a  necessary  condition. 

In  these  examples  of  nervous  action,  it  will  be  observed  that,  in 
the  former  instance,  mental  change  produces  bodily  action;  and,  in 
the  latter,  an  impression  upon  some  part  of  the  body  precedes  and 
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^ires  rise  to  an  afiection  of  the  mind.  In  both  cases  nervous  power 
IS  called  forth :  in  the  one,  it  acts  in  the  direction  from  mind  to  body ; 
in  the  other,  from  body  to  mind.  In  both  cases,  destruction  of  the 
lervous  matter  would  prevent  the  development  of  the  force.  The 
muscles  may  be  sound,  and  the  will  may  be  vigorous;  but  without 
perfect  nerves  the  latter  cannot  impart  its  mandates  to  the  former.  Or 
the  eye  may  be  perfect  in  all  its  optical  adjustments,  and  the  mental 
sensibilities  keen  and  quick ;  and  yet,  if  the  optic  nerve  be  diseased, 
the  light  which  falls  upon  the  retina  produces  no  impression  upon  the 
mind. 

**  Of  the  nature  of  the  connection  of  this  great  sensorial  organ," 
(the  nervous  system,)  says  Dr.  Brown,  *^  with  the  sentient  mind,  we 
never  shall  be  able  to  understand  more  than  is  involved  in  the  sim- 
ple fact,  that  a  certain  affection  of  the  nervous  system  precedes  im- 
mediately a  certain  afiection  of  the  mind.     But  though  we  are  ac- 
cnstomed  to  regard  this  species  of  succession  of  bodily  and  mental 
changes  as  peculiarly  inexplicable,  from  the  very  different  nature  of 
the  substances  which  are  reciprocally  afiected,  it  is  truly  not  more 
ao  than  any  other  case  of  succession  of  events,  where  the  phenomena 
oecnr  in  substances  that  are  not  different  in  their  properties,  but  ana- 
logous, or  even  absolutely  similar ;  since,  in  no  one  instance  of  this 
kind,  can  we  perceive  more  than  the  uniform  order  of  the  succession 
itself;  and  of  changes,  the  successions  of  which  are  all  absolutely 
inexplicable,  none  can  be  said  to  be  more  or  less  so  than  another. 
That  a  peculiar  state  of  the  mere  particles  of  the  brain  should  be  fol- 
lowed by  a  change  of  state  of  the  sentient  mind,  is  truly  wonderful ; 
bat,  if  we  consider  it  strictly,  we  shall  find  it  to  be  by  no  means 
more  wonderful  than  that  the  arrival  of  the  moon  at  a  certain  point  of 
the  heavens  should  render  the  state  of  a  body  on  the  surface  of  our 
earth  different  from  what  it  otherwise  would  naturally  be  ;  or  that  the 
slate  of  every  particle  of  our  globe,  in  its  relative  tendencies  of  gra- 
vitation, should  be  instantly  changed,  as  it  unquestionably  would  be, 
by  the  destruction  of  the  most  distant  satellite  of  the  most  distant 
planet  of  our  system,  or,  probably  too,  by  the  destruction  even  of  one 
of  those  remotest  of  stars  which  are  illuminating  their  own  systems  of 
planets,  so  far  in  the  depth  of  infinity  that  their  light — to  borrow  a 
well-known  illustration  of  sidereal  distance — may  never  yet  have 
reached  our  earth  since  the  moment  at  which  they  darted  forth  their 
first  beams  on  the  creation  of  the  universe.     We  believe,  indeed, 
with  as  much  confidence,  that  one  event  will  uniformly  have  for  its 
consequent  another  event,  which  we  have  observed  to  follow  it,  as 
we  believe  the  simple  fact,  that  it  has  preceded  it  in  the  particular 
case  observed.     But  the  knowledge  of  the  present  sequence,  as  a 
mere  fact  to  be  remembered,  and  the  expectation  of  future  similar 
sequences,  as  the  result  of  an  original  law  of  our  belief,  are  precisely 
of  the  same  kind,  whether  the  sequence  of  changes  be  in  mind  or  in 
matter,  singly,  or  reciprocally  in  both."     {Philosophy  of  the  Human 
Mind,     Lect.  xix.) 

It  is  not  merely  throucrh  voluntary  effort  that  the  mind  can  excite 
the  action  of  nerves.    The  involuntary,  and  often  uncontrollable,  in- 
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fluence  of  emotion  is  likewise  able  to  give  rise  to  certain  movements, 
and  even  to  produce  certain  sensations,  through  the  nerves.  How 
quickly  the  expression  of  the  countenance  changes  under  the  viiyiiig 
phases  of  mental  emotion  ;  and  how  faithfully  does  it  naturally  ^ 
tray  the  working  of  the  mind  within  !  And  fear,  joy,  disgust,  horror, 
are  each  accompanied  with  sensations  so  peculiar,  as  to  leave  an  is* 
delibie  impression  on  the  minds  of  those  who  have  once  experienced 
them. 

There  are  many  actions  of  the  living  frame,  however,  in  which  the 
play  of  the  nervous  system  is  unconnected  with  mental  change,  whick 
are  therefore  wholly  physical,  in  origin,  as  well  as  in  nature.  The 
movement  of  the  oesophagus  in  propelling  food  onwards  to  the  sto- 
mach is  dependent  mainly,  if  not  solely,  upon  the  physical  stimulasof 
the  food  acting  upon  the  nerves  of  the  organ,  which  in  their  torn 
provoke  its  muscular  fibres  to  contract.  The  slightest  touch,  even  of 
a  feather,  to  the  mucous  membrane  of  the  fauces  causes  the  muscles 
of  deglutition  to  contract  forcibly,  as  in  the  act  of  swallowing ;  dot 
can  the  will  control  or  prevent  their  action.  When  the  edge  ojf  the 
eyelid  is  touched,  the  orbicular  muscle  contracts  forcibly,  and  in  im- 
mediate response  to  the  stimulus  applied.  When  light  is  suddenly 
admitted  to  the  eye,  the  pupil  may  be  observed  to  contract  to  a  d^ 
gree  proportionate  to  the  intensity  of  the  stimulus.  Of  this  action  of 
the  iris  the  individual  is  quite  unconscious,  although  perfectly  sensi- 
ble of  the  admission  of  light  to  the  eye  ;  nor  can  he,  by  any  direct 
influence  of  volition,  modify  or  oppose  it. 

We  remark,  in  reference  to  these  actions,  that  the  mind  has  no 
share  in  their  production.  In  some  of  them,  indeed,  it  is  conscions 
of  the  application  of  the  stimulus,  as  well  as  of  the  muscular  set 
which  follows.  But  no  effort  of  the  will,  however  great,  could  in- 
terrupt the  uniform  and  natural  sequence  of  the  phenomena.  And  it 
is  well  known  to  medical  men  that  actions  of  this  kind  may  take 
place  in  coma,  when  all  mental  manifestations  are  completely  in  abej- 
ance. 

These  facts  afford  abundant  evidence  of  a  class  of  nervous  actioDS, 
which,  in  respect  of  their  exciting  cause,  as  well  as  in  their  intrinsic 
nature,  are  independent  of  mental  influence,  and  which  ought  on  this 
account  to  be  distinguished  from  those  of  volition,  sensation  and 
emotion.  Their  mechanism  is  more  complex  than  that  of  the  mental 
nervous  actions ;  for,  while  in  the  latter  the  change  in  the  nerves  is 
propagated  in  only  one  direction,  in  the  former  it  passes  first  to  some 
central  part  of  the  nervous  system,  and  thence  it  travels  in  an  oppo- 
site course  to  the  motor  organs.  Hence  two  nerves  are  necessary  for 
such  actions ;  the  one  as  an  excitor,  the  other  as  a  motor  nerve ;  and, 
on  this  account,  Dr.  Marshall  Hall  has  distinguished  these  actions  by 
the  name  of  excito-motory. 

That  a  physical  change  may  excite  nervous  action  quite  independ- 
ently of  mental  influence,  is  further  proved  by  instances  of  convuls- 
ive movements,  more  or  less  violent,  which  are  produced  by  a  morbid 
irritation  of  the  brain  or  spinal  cord. 

The  peculiar  animal  matter,  through  the  agency  of  which  all  these 


ir  than  the  other,  and  is  simply  the  propagator  of  impressions 
upon  it. 

sn  these  two  kinds  of  nervous  matter  are  united  together  in  a 
f  Tariable  shape  or  size,  the  body  so  formed  is  called  a  nervous 
and  the  threads  of  fibrous  matter  which  pass  to  or  from  it  are 
nerves.  The  latter  are  intemuncial  in  their  office  ;  they  estab- 
communication  between  the  nervous  centres  and  the  various 
f  the  body,  and  vice  versa  ;  they  conduct  the  impulses  of  the 
I  to  the  periphery,  and  communicate  the  impressions  made  upon 
ripheral  nervous  ramifications  to  the  centres.  The  centres  are  the 
ources  of  nervous  power,  the  laboratories  in  which  the  nervous 
s  generated :  the  mind  is  more  immediately  connected  with  one 
a,  the  brain,  which,  on  that  account,  possesses  greater  physical 
pment  and  acquires  pre-eminence  over  the  others.  The  smaller 
18  centres  are  called  ganglions  ;  the  larger  ones  are  the  brain 
inal  cord.  All  of  these  are  found  in  the  human  subject,  and  in 
rtebrate  animals.  In  the  invertebrate  classes,  the  centres  are 
I  variously  disposed,  according  to  the  shape  and  actions  of  the 
s. 

brain  and  spinal  cord,  and  the  system  of  nerves  connected  with 
constitute  the  cerebrospinal  portion  of  the  nervous  system, 
Bichat  distinguished  as  the  nervous  system  of  animal  life. 
Tves  of  the  senses,  and  those  of  volition  and  common  sensation, 
inected  with  it,  as  well  as  those  which  are  concerned  in  many 
m  purely  physical  nervous  actions  with  which  the  mind  has  no 
:tion.  There  are  very  numerous  ganglions  connected  with  this 
which  are  conveniently  comprehended  under  the  same  title. 
are,  the  ganglions  on  the  posterior  roots  of  the  spinal  nerves, 
Qglion  of  the  fiAh  pair,  those  of  the  glosso-pharyngeal  and  of  the 

remainder  of  the  nervous  system  is  made  up  entirely  of  gan« 
(  with  their  connecting  cords  and  nerves,  which  ramify  in  a 
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as  independent  of  that  system,  is  a  question  which  must  be  reserved 
for  future  examination.  This  is  the  sympathetic  or  gangUanic  system^ 
formerly  known  and  described  as  the  great  intercostal  nervey  and  by 
Bichat  as  tlie  nervous  system  of  organic  life :  it  has  also  been  called 
the  visceral  nerve.  All  these  titles  are  liable  to  objection,  inasmuch 
as  each  involves  to  a  greater  or  less  extent  some  theory  of  the  uses 
or  actions  of  these  nerves ;  but  the  two  first-mentioned  are  preferable, 
as  those  which  are  best  known,  and  most  confirmed  by  use. 

The  nervous  system,  then,  in  man  and  the  vertebrate  series,  con- 
sists of  the  brain,  spinal  cord,  and  the  nerves  associated  therewith, 
the  cerebrospinal  system;  and  that  double  chain  of  ganglia,  with  tbeir 
nerves,  situate  along  the  spinal  column,  the  sympathetic  or  gangUmik 
system.  Among  the  invertebrata,  although  the  arrangement  of  the 
nervous  system  differs  very  materially  from  that  in  the  vertebrata,  an 
analogous  subdivision  of  it  may  be  made  in  a  large  proportion  of  thoie 
classes,  the  anatomy  of  which  has  been  satisfactorily  made  out 

Physical  and  Chemical  properties  of  the  JVervotis  Matter. — The  nenr- 
ous  matter  of  both  kinds  is  a  soft,  unctuous  substance,  easily  dis- 
turbed by  slight  mechanical  force.  Were  it  not  associated  with  other 
tissues,  and  supported,  to  a  certain  extent,  by  the  blood-vessels 
which  ramify  among  its  elements,  its  physical  tenacity  would  be  very 
feeble. 

Its  great  softness  is  due,  in  part,  to  the  admixture  of  a  large  quan- 
tity of  water  with  it,  which  constitutes  three-fourths,  or  four-fifths, 
and,  in  many  instances,  seven-eighths,  of  its  weight.  According  to 
Vauquelin,  whose  analysis  was  made  in  1812,  the  brain  is  an  emul- 
sive mixture  of  albumen,  fatty  matter,  and  water  ;  the  last  holding  in 
solution  certain  saline  and  other  ingredients  common  to  the  brain 
with  other  parts  of  the  body.  By  solution  in  boiling  alcohol,  Vau- 
quelin was  enabled  to  resolve  the  fatty  matter  into  elaine  and  stea^ 
ine  (margarine  ?)   The  following  table  gives  the  result  of  his  analysis: 

Albumen 700 

Cerebral  fat  f  Slearine    4-53)  g.^, 

cereDraliai    .     |  ei^jj^q       q.7(,  J  5  ^d 

Phosphorus 1-50 

Osmazome 1-12 

Acids,  Salts,  Sulphur        .         .         .  515 

Water     .    ' 8000 


10000 

Vauquelin  remarked  that  the  medulla  oblongata,  and  medulla  spinalis, 
have  the  same  composition  as  the  brain,  but  contain  a  much  larger 
proportion  of  cerebral  fat,  with  less  albumen,  osmazome,  and  water. 

These  results  are  confirmed,  in  the  main,  by  the  analysis  of  Fremy, 
which  was  published  in  the  Annales  de  Chimie  for  1841.  M.  Fremy 
states,  that  the  three  principal  constituents  previously  detected  by 
Vauquelin,  exist  in  the  following  proportions  in  one  hundred  parts: 
seven  parts  of  albumen,  five  parts  of  fatty  matter,  and  eight  parts  of 
water. 

From   the  fatty  matter  of  the  brain  M.  Fremy  extracts  various 
secondary  organic  compounds;  namely,  1.  Cerebric  acid;  a  white 
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ibstance  in  the  fonn  of  crystaline  grains,  abounding  in  carbon,  and 
intaining  a  minute  proportion  of  phosphorus.  2.  Cholesterine,  the 
me  as  that  ^hich  is  obtained  from  bile.  In  preparations  of  the 
ain  preserved  in  spirits,  a  substance  of  crystaline  character  resem- 
ing  cholesterine  is  apt  to  form  round  the  piece.  3.  Oleophosphoric 
rid  ;  a  peculiar  fatty  acid,  containing  from  1-9  to  2  per  cent,  of  phos- 
loms  in  the  condition  of  phosphoric  acid.  Fremy  regards  it  as 
lalogous  to  the  compound  of  sulphuric  acid  and  eJaine,  or  sulph- 
leic  acid.  4.  Traces  of  elaine,  margarine,  and  fatty  acids.  These 
linciples  do  not  always  exist  in  an  isolated  state ;  for  the  cerebric 
cid  is  often  combined  with  soda,  or  phosphate  of  lime,  and  the  oleo- 
ihospboric  acid  is  commonly  found  in  union  with  soda. 

The  quantity  of  phosphorus  which  may  be  found  in  the  nervous 
Ditter  varies  considerably  at  different  periods  of  life,  and  is  very 
soudl  in  idiotcy.  According  to  L'Heriti^'s  analyses,  the  ndnimum 
of  this  element  is  found  in  infancy,  in  old. age,  and  in  idiotcy;  and 
the  maximum  of  water  exists  in  the  infant.  The  following  is  a  table 
ofkis  comparative  analyses: 


Infants. 

Youth. 

Adolta. 

Old  Men. 

Idiots. 

Albumen 

700 

.     10-20 

.        9-40 

8.65     , 

8-40 

Cerebral  fat 

3-45 

.       5-30 

.       610 

4-32 

500 

Phosphorus 

0-80 

.       1-65 

.        1-80 

100 

0-85 

O^mazome  and  Salts 

5-96 

.       8-59 

.     10-19 

.       1218     . 

.     14-82 

Water      . 

82-79 

.     74-26 

.     72-61 

.       73-85     . 

.     70-93 

10000 

10000 

10000 

10000 

10000 

A  careful  comparative  analysis  of  the  vesicular  and  fibrous  matter 
it  as  yet  a  desideratum.  We  are  ignorant  of  the  nature  of  the  color- 
ing material  of  the  former.  John  states  that  the  vesicular  substance 
it  deficient  in  white  fatty  matter,  and  that  its  albumen  is  less  tena- 
cious than  that  of  the  fibrous  substance. 

Of  the  fibrous  nervous  matter, — Of  the  two  kinds  of  nervous  mat- 
ter, the  fibrous  is  that  which  is  most  extensively  diffused  throughout 
the  body.  It  not  only  forms  a  large  portion  of  the  nervous  centres, 
either  alone  or  mixed  with  vesicular  matter,  but  it  is  the  principal 
constituent  of  the  infinite  multitude  of  nerves  which  connect  them 
with  the  various  tissues  and  organs. 

The  structure  of  the  fibrous  matter  should  be  examined  in  a  piece 
of  nerve,  and  in  a  thin  section  from  the  white  part  of  a  nervous 
centre,  as  the  brain  or  spinal  cord.  These  should  be  torn  with  nee- 
lles,  so  as  to  separate  and  isolate  as  much  as  possible  the  elementary 
larts,  and  to  remove,  as  far  as  may  be  practicable,  extraneous  tissues. 
The  fibrous  nervous  matter,  wherever  it  is  found,  consists  of  fibres 
rhich  have  a  definite  arrangement.  Two  kinds  of  primitive  fibre 
re  present  in  the  nervous  system,  and  these  we  shall  distinguish 
s  the  tubular  fibre,  or  the  nerve-tube^  and  the  gelatinous  fibre.  The 
»nDer  are  infinitely  the  more  numerous;  the  latter  being  found 
biefly  in  the  sympathetic  system. 

1.  Of  the  tubular  fibre. — When  a  nerve-tube  is  perfectly  recent, 
id  unaflected  by  reagents,  it  presents,  if  viewed  by  reflected  light, 
beaotiful  pearly  lustre,  and  appears  to  be  quite  homogeneous.     But 
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if  viewed  by  transmitted  light,  and  with  a  sufficient  roagDiiyiiig 
power,  a  more  complicated  structure  becomes  visible  in  all  the  large* 
and  best  marked  specimens  (fig  b2,  a,  h,  and  fig.  53,  a).  Most  a- 
ternally  is  the  tubidar  membrane  (a,  d  d),  an  homogeneous  and  prob^ 
bly  elastic  tissue  of  extreme  delicacy,  analogous  to  the  sarcolemaa 
of  striped  muscle  (p.  150),  and  according  to  our  obaerration,  wit 
presenting  any  such  distinct,  longitudinal,  or  oblique  fibres  in  its  con- 
position  as  hare  been  described  by  some  writers.  Within  the  edge 
of  the  tubular  membrane,  oo 
Fig-  BS-  each  side,  are  seen  two  thicka 

and  darker  lines  (a,  e,  e,  i], 
which  appear  to  marlc  the  ODtei 
and  inner  limits  of  an  ianet 
layer  of  different  compontioi 
and  refracting  power,  and  wbid 
is  generally  known  as  the  wUk 
substance  of  Schiaann,  Hui 
forms  a  tube  within  the  tubalit 
membrane.  Within  the  whili 
substance  of  Schwann  is  a  tranK 
parent  material,  occupjing  the 
axis  of  the  nenre-tube  (a,  a). 
This  has  been  called  by  Remik 
the  flattened  band ;  but  a  beltet 
name  for  it  is  that  oiaxU  cytw- 
der,  employed  by  Rosenthal  iitd 
Furkinje. 

It  is  evident,  that  the  whole 
of  the  matter  contained  in  the 
tubular  membrane  is  extremdy 
soft,  for  it  is  found  to  yield  un- 
der very  slight  pressure,  and  may 
be  readily  made  to  pass  from 
one  part  of  the  tube  to  another. 
When  pressed  out  (b.  h  to  /),  it 
is  apt  to  assume  more  or  less  the 
appearance  and  form  of  globules, 
which  retain  the  same  characters 
of  outline  which  they  possessed 
in  the  nerve-tube ;  that  is,  they 
have  a  transparent  interior, 
bounded  by  a  layer  of  the  while 
substance  of  Schwann,  marked 
by  its  double  contour.  It  woukl 
appear  that  the  latter  structure 
is  particularly  apt  to  form  a  coating  or  film  over  the  central  materiil, 
and  thus  to  isolate  it  from  surrounding  tissues.  This  tendency  mij 
be  understood  by  a  reference  to  fig.  52,  k  to  I. 

When  the  nerve-tube  is  placed  in  ether,  the  white  substance  is  in 
part  immediately  dissolved,  and  a  number  of  oil-like  globules  appear 
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rithin  and  without  the  tubular  membrane  (fig.  53,  h).     Proba- 
(  margarine  is  dissolved,  and  the  elaine  set  free  in  the  form  of 
>bules.      The  interior  of  the  tube  is 
^ndered  decidedly  granular.    In  water 
bite  substance  of  Schwann   remains 
tolved,  while  the  interior  of  the  fibre 

Iaently,  though  not  always,  rendered 
ar. 

I  tabular  membrane  presents  the  same 
il  characters  wherever  it  is  met  with. 
le  white  substance  of  Schwann  exhibits 
rariety  as  regards  its  thickness  in  dif- 
parts  of  the  nervous  system.  In  the 
I  it  is  more  developed  than  in  the  cen- 
bnt  even  in  the  former  it  differs  a  good 
8  to  thickness.  We  find  it  most  de- 
sd  in  the  ordinary  spinal  nerves  ;  in 
of  pure  sense  it  exists  in  small  quan« 
Both  these  elements  of  the  tubular 
iTidently  afford  mechanical  protection 

substance  which  forms  its  axis ;  but 
less  one  or  both  of  them  may  have  a 
r  physiological  ofiice,  insulating  the 
and  keeping  it  distinct  from  any  in- 
duce with  constituents  of  neighboring 
The  chemical  composition  of  the 

substance,  being  obviously  different 
hat  of  the  axis,  sufficiently  denotes  a 

nee  of  function  in  these  two  portions  of  the  nerve-tube.  The 
jrlinder  of  the  nerve-tube,  though  in  general  soft  and  pulpy,  is 
le  instances  of  firm  texture,  and  when  broken  projects  beyond 
lite  substance^fig.  56,  c).  It  then  occasionally  exhibits  a  well- 
d  fibrous  character,  and  may  even  split  into  filaments. 
en  the  tubes  are  quite  fresh,  and  have  been  but  little  disturbed 
nipolation,  their  form  is  that  of  a  perfect  cylinder.  Pressure, 
iration,  is  apt  to  alter  their  shape  by  disturbing  the  position  of 
ntained  pulp,  pushing  more  than  is  natural  into  some  parts  of 
i>e,  and  consequently  diminishing  the  bulk  of  the  contents  in  the 
nt  parts ;  so  that  the  latter  collapse,  whilst  the  former  become 
led,  enlarged,  and  even  varicose  (fig.  52,  b).  Nerve-tubes, 
iTe  been  thus  affected,  sometimes  present  merely  a  slight  wavi- 
r  one  or  both  margins,  but  more  frequently  a  series  of  distinct 
igs  or  varicosities  separated  by  constricted  portions.  These 
igs  are  found  at  very  irregular  distances  from  each  other,  and 
ztremely  in  shape  and  size.  They  are  much  more  apt  to  form 
some  nerve-tubes  than  upon  others  ;  and  this  is  apparently 
to  a  feebleness  of  the  tubular  membrane,  and  perhaps,  also,  to 
degree  of  consistence  of  the  contained  nervous  pulp.     In  the 

of  special  sensation  the  tubes  are  very  delicate  in  structure, 
•ly  apt  to  exhibit  this  change ;  and  in  the  fibres  of  the  brain 


Nerve-tubes  of  the  common 
eel: — a.lntifaUr.  Tlie  ilolicaie 
lin^  oil  its  exTer'or  indicates  the 
tubular  membrane.  The  dark, 
double«edfl^d  inner  one  in  the 
white  substance  of  Schwann, 
slightly  wrinkled,  b.  The  same 
in  ether.  Several  oil-^loboles 
have  coalesced  in  the  interior, 
and  others  have  accumulated 
around  the  exterior  of  the  tube. 
The  white  substance  has  in  part 
disappeared.— Magnified  300  di- 
ameters. 
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and  spinal  cord  the  same  tendency  is  observable.  It  was  formeily 
supposed  by  Ebrenberg,  that  these  varicosities  were  natural,  and 
existed  during  life ;  and  that  they  afibrded  a  valuable  morphological 
character  of  the  nerves  of  pure  sense,  and  of  the  cerebro-spinal  cen- 
tre. Many  circumstances,  however,  oppose  this  view :  thus,  the  irre- 
gularities in  the  shape,  size,  and  number  of  the  varicosities  appear 
very  unlike  a  natural  disposition :  in  a  piece  of  the  brain  or  spinal 
cord  which  has  not  been  much  pressed  or  torn,  the  nerve-tubes  often 
exhibit  a  cylindrical  figure,  and  even  in  the  manipulated  specimen 
the  varicose  tubes  form  only  a  portion.  In  some  nerves,  such  as 
those  of  muscles,  the  tubes,  although  not  prone  to  become  varicose, 
may  be  made  so  by  firm  pressure  and  violence  in  manipulation ;  and 
in  the  nerve-tubes  of  young  animals,  the  tissues  of  which  are  more 
tender,  and  contain  more  abundant  water,  this  change  is  particularly 
apt  to  take  place. 

The  nerve-tubes,  for  the  most  part,  lie  parallel  to  each  other,  al- 
ways without  branching,  and  if  we  except  their  terminal  looping  in 
other  textures,  without  any  inosculation.  This  very  interesting  and  im- 
portant feature  in  the  anatomy  of  the  nerve-tubes  was  recognized  long 
ago  by  Fontana,  and  has  been  confirmed  by  nearly  every  subsequent 
observer.  It  may  be  seen  in  the  nervous  centres,  as  well  as  in  the 
nerves  themselves.  In  the  latter  it  may  be  well  demonstrated  by 
examining  a  piece  of  nerve  on  a  dark  ground  as  an  opaque  object 
The  primitive  fibres,  viewed  in  this  way,  appear  as  so  many  trans- 
parent tubes,  containing  an  exquisitely  delicate,  soft^  pearly-white 
material.  The  tubular  fibres  vary  in  diameter,  from  t^Vit  to  ^^^ 
Toiirir  of  an  inch  ;  but  their  average  width  is  from  ^^Jtv  to  y,Vr  ^ 
an  inch. 

2.  Of  the  gelatinous  nerve-fibre. — This  term  is  applied  by  Henle 
to  certain  fibres  found  principally  in  the  sympathetic  nerve.  They 
are  flattened,  soft,  and  homogeneous  in  appearance  ;  containing  nu- 
merous cell-nuclei,  some  of  which  are  round,  others  oval ;  some 
situated  in  the  centre  of  the  fibre,  others  adhering  to  either  edge; 
their  longest  diameter  being  generally  parallel  to  the  longitudinal  axis 
of  the  nerve.  These  nuclei  are  arranged  at  nearly  equal  distances, 
and  frequently  exhibit  distinct  nucleoli  (fig.  52,  c).  Sometimes  these 
fibres  show  a  disposition  to  split  into  very  delicate  fibrillse.  Acetic 
acid  dissolves  the  fibre,  leaving  the  nuclei  unchanged.  These  fibres, 
containing  nothing  analogous  to  the  white  substance  of  Schwann,  are 
devoid  of  that  whiteness  which  characterizes  the  tubular  fibre;  and  it 
would  seem  that  the  gray  color  of  certain  nerves  depends  chiefly  upon 
the  presence  of  a  large  proportion  of  the  gelatinous  fibres.  Hence 
they  are  sometimes  called  gray  fibres. 

The  mode  or  connection  of  the  gelatinous  fibres  with  the  elements 
of  the  nervous  centres,  is,  as  yet,  quite  unknown.  They  are  found, 
in  considerable  numbers,  in  what  are  called  the  roots  of  the  sympa- 
thetic, or  the  communications  of  that  nerve  with  the  spinal  nerves: 
it  has  been  supposed  by  Valentin  that  they  are  continuous  with  cer- 
tain elements  of  the  vesicular  nervous  matter. 

These  fibres  are  smaller,  in  general,  than  the  tubular  fibres ;  their 
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They 


r  ranges  between  the  j^g  and  the  jiVy  of  an  inch. 

e  very  much  the  fibres  of  unstriped  muscle. 

e  vesicular  nervous  matter. — This  is  distinguished  by  its  dark 
gray  color,  and  soft  consistence  :  it  is  found  in  the  nervous 
bat  never  in  nerves,  probably  so  called,  and  it  is  always 

t  by  a  considerable  plexus  of  blood-vessels. 

»sential  elements  of  the 


rrous  matter  are  vesicles 
ty  eoDtainiDg  nuclei  and 
.     They  have  been  also 
grve  or  gangUon  globules. 
11  of  each  vesicle  consists 
iceedlngly  delicate  mem- 
wntaining  a  soft  but  te- 
finely    granular    mass. 
Jeus  of  the  cell  is  gene- 
;entric,much  smaller  than 
taining  vesicle,  and  adhe- 
some  part  of  its  interior, 
letare    is   apparently  the 
.  that  of  the  outer  vesicle. 
■ideolus  is  a  minute,  re- 
ly   clear     and     brilliant 
UBO    vesicular,    inclosed 
the  nucleus.     It  forms  a 
haracteristic   and 
inspicuous  part  of 
re-vesicle, 
ordinary  or  pre- 
form of  these  ele- 
■  that  of  a  globu- 
ele.     So  soft  and 
vible    are    they, 
T,    that   a    good 
diversity  of  shape 
ifest  in  them,  by 
of  the   compres- 
ey  sufler  as  they 
;ked  together  in 
Hence   some  are 
il,  others  ovoidal, 
soidal.     In  some 
I  weHnd,  external 
nucleus,  particles 
user  kind,  which 
cnmulaled     in    a 
frequently    of    a 
lar  form.     These 
gmeot    granules ; 
'TueDce    gives  a 
(dor  to  a  portion 


Fig.  5*. 


i»  KMl.  kam  oi'  gnj  riiiiut  of  Ih*  dor- 

...   Th««  lODUun  pigment,  which  tut- 

II  nucleua  in  t.  In  ill  IheKi|Kcinienathapn>ce>Kl 
m  Ici)  biokcD.— Usgnificd  100  iliWMWn. 
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of  the  vesicle.  Son^etimes  we  find  two  groups  of  pigment  gnnulei 
in  one  vesicle.  They  are  usually  of  a  reddish,  or  yellowish-browB 
color. 

Another  form  of  nerve- vesicle  is  characterized  by  one  or  more  tail- 
like  processes  extended  from  it,  and  to  such  nerve-vesicles  we  may 
apply  the  term  caudate.  They  possess  the  nucleus  and  nucleolat,  ai 
in  the  more  simple  form  ;  and  contain  one  or  more  masses  of  pigment, 
which  are  often  of  very  considerable  size.  Both  the  vesicles  aad 
their  caudate  processes  vary  greatly  in  size  and  shape.  The  largeit 
nerve- vesicles  are  found  amon^  those  of  this  kind.  Sometimes  there 
is  but  a  single  process  from  this  vesicle  ;  or  there  may  be  two,  pro- 
ceeding from  opposite  sides  ;  or  there  may  be  several,  extending  ii 
various  directions.  There  is  great  difierence  in  the  shape  of  Aaa 
caudate  vesicles,  as  may  be  observed  in  figs.  55  and  56,  when 
difierent  varieties  of  them  are  represented.  In  point  of  structure, 
the  caudate  processes  are  exceedingly  delicate,  and  finely  granular, 
like  the  interior  of  the  vesicle,  with  which  they  distinctly  seem  to  be 
continuous.  Such  is  the  delicacy  of  these  processes,  that  they  readily 
break  off;  in  general,  very  close  to  the  vesicle.  Sometimes,  how- 
ever, one  or  more  of  them  may  be  traced  to  a  considerable  distance, 
and  will  be  found  to  divide  into  two  or  into  three  branches,  which 
undergo  a  further  subdivision,  and  give  off  some  extremely  fine  tnns- 
parent  fibres  (fig.  56,  6),  the  connection  of  which  with  the  other  ele- 
ments of  the  nervous  tissue  has  yet  to  be  ascertained.  It  is  most 
probable,  however,  that  they  either  serve  to  connect  distant  veacles, 
or  else  that  they  become  continuous  with  the  axis  cylinders  of  the 
tubular  fibres.  In  the  cerebro-spinal  centre,  we  have  found  the  tis- 
sue in  the  vicinity  of  the  caudate  vesicles  freely  traversed  in  all  direc- 

Fig.  56. 


a.  A  larife  cnudatc  ncrve-vesiclo.  with  divoTirlncr  and  brnnchinpr  processc*.  Rome  of  which.  h.ut 
s«'»n  to  piwB  off  into  rxirrinuly  ininulo  filnrnrniA.  T^l<.•s«^  ftft'in  to  bear  a  very  clo«*e  re^tcmblance  to 
thr  (•••ntrnl  port  oi' a  tulmbir  nbro.  f.  \vhic>i  in  pmlonc^d  w)ine  way  bi-yond  the  broken  t* d^e  of  iw 
tiibubir  iruMiibrnne  and  whin*  stibstanco,  d.  At  r.  an*  t^mv.  fiuiall  nervt»-v»'siclcji.  Attillate  in  tbrnii 
ii(>ii1)tli*fi<>  trnm  niimi>rou«(  pnior?-**".-*  jrivrn  off  from  tbrm : /.  scvtTal  oxirrmHy  i»mall  ncrve-tuJ*i, 
«»iiw  ot' which  arc  var'co««f.  Th  ••  fi^Mire  •■xhibits  th«*  frn-at  variety  of  t»i/.o  of  thr  vf.':»icle»  find  tnl*». 
tt.  1*4  from  ih<r  poMiTior  horn  of  lli«'  pray  mattrr  of  ihf  i^pinal  marrt)W.  ami  ig  mn^nifiod  only  ISUdiam?' 
U'Tf,  whih'  the  vo^iclcs  and  tub*'**  at  V.  irom  ihf  pray  matter  of  thr  lower  end  of  the  oord|  art  B»g- 
nihcd  UUU  diainctvrs.    d.  ia  also  from  the  ttpiual  marrow,  uud  in  mnj^niiicd  200  diameters. 
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by  numerous  very  delicate  filameDts,  which  seem  to  be  the  rami- 
ons  of  the  caudate  processes.  These  often  exhibit  considerable 
ity  and  elasticity.  The  situations  from  which  we  may  obtain 
caudate  vesicles  as  are  best  suited  for  examination  are  the  locus 
in  the  cms  cerebri,  and  the  gray  matter  of  the  cerebellum  and 
1  cord. 

le  nerve- vesicles  do  not  He  in  immediate  contact  with  each  other. 
are  either  imbedded  in  a  soft,  granular  matrix,  as  in  the  brain, 
ireloped  in  a  capsule  of 
«ted  cells,  as  in  the  gan< 
fig.  64,y,  g).  The  mti- 
connection  of  this  granular 
h  to  the  vesicle,  and  to  its 
sses  when  they  exist,  in- 
es  greatly  the  difficulty  of 
ining  them.  It  is  not  easy 
tach  them  from  this  invest- 
.  This  is  generally  eSected 
«ident  more  than  by  skill 
laipulation,  and  it  is  along 
roken  margin  of  the  piece 
r  examination  that  we  shall 
ted  in  detecting  the  most 
et  vesicles. 

most  situations  where 
nlar  matter  is  found  in  the 
ms  centres,  tubular  fibres 
nail  though  variable  size 
le  with  its  elements  in 
er  or  less  number,  and  in 
:  places  both  varieties  of 
are  found  (figs.  57  &.5S). 
etermice  the  precise  con- 
on  which  these  respective 
entary  parts  form  with  each 
■  is  a  problem  of  the  deep- 
nterest.  No  more,  how- 
,  can  be  said  respecting  it 
esent,  than  that  the  relation 
rve-fibres  to  nerve- vesicles 
e  centres  is  most  intimate, 
that  the  latter  are  rarely 
nth  without  one  or  more  of 
inner  in  immediate  connec- 
with  them. 

mng  premised  this  general 
aot  of  the  anatomical  ele- 
M  of  the  two  kinds  of  nerv- 
Ditter,  we  may  now  con- 
'  aeparately  the  two  leading 
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subdivisions  of  the  nervous  system ;  namely,  the  nerves  and  the  cen- 
tres. 

Of  nerves, — A  bundle  of  nerve-fibres,  surrounded  and  connected 
by  areolar  tissue,  constitutes  a  nerve. 

The  nerves  of  the  cerebro-splnal  system  differ  in  several  important 
particulars  from  those  of  the  sympathetic,  and  they  should,  therefore, 
be  examined  separately. 

Of  the  cerebrospinal  nerves. — The  areolar  tissue  v^hich  investi 
the  nerve-fibres  is  called  the  neurilemma.  It  is  analogous  to  tiie 
sheath  of  the  same  membrane  which  surrounds  the  elementary  fibie 
of  striped  muscle.  From  its  deep  surface  the  layers  of  areolar  tissue 
pass,  forming  so  many  partitions  between  the  smaller  bundles,  or  the 
individual  fibres,  of  which  the  nervous  trunk  is  composed.  The  office 
of  this  structure  is  evidently  to  give  protection  to  the  delicate  nervfr 
tubes,  and  to  support  the  plexus  of  minute  capillary  vessels  firom 
which  they  derive  their  nutriment. 

The  neurilemma  is  composed  of  fibres  of  white  fibrous  tissue,  and 
presents  to  the  naked  eye  the  silvery  aspect  of  that  texture.  Some 
persistent  cell-nuclei  are  scattered  throughout  it.  That  portion  of  it 
which  forms  the  partition  between  the  fibres  contains  a  little  yellow 
fibrous  tissue  of  the  finest  description. 

The  blood-vessels  are  distributed  upon  the  external  investing  sheath, 
and  upon  the  septa.  They  are  disposed  similarly  to  those  of  mas* 
cles,  and  run  parallel  to  the  fibres  of  the  nerve.  The  capillaries  are 
among  the  smallest  in  the  body  :  they  form  oblong  meshes  of  consi- 
derable length,  completed  at  long  intervals  by  vessels  which  cross  the 
fibres  of  the  nerve  more  or  less  transversely.  These  blood-vessels 
are  generally  derived  from  neighboring  arterial  branches ;  sometimes 
a  special  vessel  accompanies  a  nervous  trunk,  and  even  perforates 
it,  passing  along  its  axis,  as  in  the  great  sciatic  and  the  optic  nerves. 

The  composition  of  a  cerebro-spinal  nerve  may  be  shown  by  re- 
moving the  neurilemma,  and  separating  the  fibres  by  needles.  These 
fibres  are  chiefly  of  the  tubular  kind.  In  diameter  they  vary  con- 
siderably, but  do  not  exceed  the  j^Vir  of  an  inch  in  man  and  the 
mammalia.  They  lie  within  the  sheath  in  simple  juxtaposition,  and 
parallel  to  each  other  ;  excepting  where  a  branch  is  about  to  separate, 
when  a  bundle  of  nerve-tubes  gradually  deviates  from  its  previous 
course,  and  forms  a  very  acute  angle  with  the  trunk,  still,  however, 
preserving  the  parallelism  of  its  constituent  fibres. 

Nerves  are  said  to  arise  or  have  their  origin  in  the  nervous  centre 
to  which  they  are  on  the  one  hand  attached,  and  to  terminate  or  it 
distributed  among  the  elements  of  the  various  textures  on  the  other 
hand.  It  is  best  to  continue  the  use  of  so  definite  and  simple  a  mean- 
inpr  to  these  terms.  Attempts  to  alter  their  signification  in  accordance 
with  opinions  of  the  functions  of  the  constituent  fibres  can  at  present 
do  little  but  confuse  descriptions.  We  call  a  nerve  cerebral  or  ence* 
phalicy  if  it  be  connected  at  its  origin  with  some  part  of  the  nervous 
mass  within  the  cranium  ;  and  spiiialy  if  its  apparent  origin  be  from 
the  spinal  cord. 

Origin, — The  fibres  of  nerves  may  be  traced  into  the  nervous  cen- 
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ra,  the  white  or  fibroas  part  of  which  they  contribute  to  form.  As 
ey  enter  the  centre,  the  fibres  diverge  slightly  either  singly  or  in 
ifuirate  bundles,  and  pass  on  to  form  a  connection  with  vesicular 
latter,  in  the  immediate  vicinity  of  the  point  of  immergence  or  at  a 
ore  remote  situation.  How  the  fibres  comport  themselves  with  re- 
lect'to  the  elements  of  the  vesicular  matter  is  not  exactly  known.  It 
certain,  however,  that  nerve-tubes  frequently  adhere  to  the  sheaths 
r  nerve-vesicles,  and  that  many  of  them  pass  between  the  nerve- 
esicles,  probably  to  form  a  connection  with  more  distant  ones.  This 
lay  be  well  seen  in  the  vesicular  matter  of  any  of  the  centres.  It 
t  very  distinct  in  the  ganglions,  and  also  sufficiently  manifest  in  the 
linal  cord  or  brain.  In  the  last-named  centres  some  of  the  tubes 
rbich  are  found  in  the  vesicular  matter  are  reduced  to  an  extremely 
linute  size  (figs.  56,y*;  57,  A,  6'  and  B,  6),  and  exhibit  small  vari- 
osities,  sometimes  at  very  regular  distances  from  each  other. 
Valentin  describes  a  looped  and  plexiform  arrangement  of  the  fibres 
1  the  vesicular  matter  of  the  centres.  Hitherto,  such  an  arrange- 
lent  has  eluded  our  observation  so  completely,  that,  but  for  the 
igh  authority  on  which  this  statement  rests,  we  should  not  have 
eemed  it  necessary  to  allude  to  it  The  only  confirmation  of  this 
lew  with  which  we  have  met  is  derived  firom  an  highly  interesting 
iasection,  by  Mr.  Lonsdale  of  Edinburgh,  of  a  monstrosity,  in  which 
le  spinal  cord,  medulla  oblongata,  and  cerebellum  were  absent,  but 
le  hemispheres  of  the  brain  were  present.  Several  of  the  encepha- 
e  and  spinal  nerves  hung  ^^  as  loose  threads''  in  the  cavity  of  the 
allium  or  spine.  On  examining  the  free  or  central  extremities  of 
tese  nerves,  their  constituent  fibres  were  found  to  form  distinct  loops, 
>nvex  towards  the  cranial  or  spinal  cavity.  These  loops  were  im- 
edded  in  granular  matter,  supposed  to  be  vesicular  matter  in  an 
irly  stage  of  formation.  Similar  loops  were  observed  by  the  same 
latomist  in  the  cranial  nerves  of  an  anencephalous  fcBtus  which  had 
een  preserved  in  spirits.* 

Branching. — As  a  nerve  passes  from  centre  to  periphery,  it  breaks 
p  into  a  number  of  small  bundles,  which  form  so  many  branches 
estined  for  the  organs  or  tissues  among  which  they  are  placed. 
hese  branches  generally  separate  from  the  parent  trunk  at  an  acute 
igle,  and  soon  plunge  into  the  muscles  or  other  parts  to  which  they 
nd,  dividing  and  subdividing  among  them.  Some  exceptions  to 
lis  rule,  however,  are  occasionally  met  with,  in  which  the  branch 
inns  a  right  or  an  obtuse  angle  with  the  trunk. 
Before  a  branch  separates,  the  parent  nerve  seems  wider  for  some 
istance  above  the  point  of  visible  separation.  This  is  owing  to  a 
ivergence  of  the  fibres  within  the  trunk  before  they  actually  leave  it, 
id  not  to  any  increase  in  the  number  of  the  nervous  elements.  A 
>od  example  may  be  seen  in  the  auricular  nerve  of  the  neck,  as  it 
inds  upwards  over  the  sterno-mastoid  muscle. 
Jlnasiomosis, — In  their  branchings  nerves  subdivide,  not  only  to 
immediately  to  their  distribution  in  muscles  or  other  parts,  but 

*  Dr.  Lonsdale's  case  of  Monstrosity.  Ed.  Med.  and  Sorg.  Joarn.,  No.  157. 
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also  to  form  &  connection,  by  some  of  their  filaments,  vith  oftd 
oerpea,  and  to  follow  the  course  of  the  latter,  whether  to  the  peripbetf, 
or  back  again  to  the  centre,  instead  of  passing  to  the  deBtiDBtioa  of 
the  primary  trunk.  By  these  means  nervous  filaments  connected 
with  Tery  difierent  parts  of  the  brain  and  spinal  cord  become  bonnd 
together  in  the  same  neurilemma,  and  a  nerve  is  fomed  compoui> 
ed  of  nerve-tubes  possessing  diflerent  functions.  The  an aiftwiw'i 
of  nerves  thus  formed  dilTers  from  the  more  correctly  named  aaatfO' 
mosis  of  blood-vessels ;  for  in  the  latter  case  the  canals  of  the  uutD- 
mosing  vessels  communicate,  and  their  contents  are  mingled ;  but  ii 
the  former  the  nerve-tubes  simply  lie  in  juxtaposition,  without  »aj 
coalescence  of  their  walls,  or  any  admixture  of  the  material  contaiaed 
within  them. 

The  wmplest  kind  of  anastomosis  is  that  which  occurs  in  almost 
every  spinal  nerve.  The  anterior  and  the  posterior  roots  of  thiK 
nerves,  emerging  from  different  parts  of  the  qvail 
cord,  and  possessing,  as  is  now  proved,  Teiy  (fit 
ferent  endowments,  are  united  after  passing  throng 
the  dura  mater,  and  are  bound  together  as  ok 
nerve  ;  the  respective  tubules  being  so  comi^elek 
intermixed  that  the  ramifications,  which  pass  of 
in  the  subsequent  course  of  the  nerve,  for  the  noit 
part  contain  tubules  from  both  roots,  and  therefixf 
possess  the  functions  of  both. 

And  even  in  a  nervous  trunk,  thus  formed,  thm 

is  an  interchange  of  place  between  the  componeBt 

filaments,  so  that  those  which  were  at  first  on  tke 

surface  of  the  nerve  pass  into  its  centre,  and  m 

replaced  by  others  which  bad  been  deep-seated;  a 

decussation  of  the  fibres  occurring  as  they  chann 

places  (fig.  59).     Hence  it  is  often  difficult  to  fol* 

low  a  bundle  for  any  distance  in  a  nervous  tmnk. 

1^  ^  ^^^  According  to  Kronenberg,  this  kind  of  intercbaage 

H  h   Giirci  is  more  frequent  in  some  nerves  than  in  othen ; 

iTarTa^-iAnc'rVuiEMiii*  and  it  IS  Stated  by  this  author  that  in  the  exteml 

cutaneous  nerve  of  the  arm  he  found  some  bundles, 

which  passed  through  a  distance  of  six  inches  without  uniting  with 

neighbouring  ones. 

Byanother  form  of  anastomosis  nervous  loops  or  arches  are  fonDed, 
the  convexities  of  which  are  directed  towards  the  periphery,  and  give 
ofi*  filaments  to  the  neighbouring  parts.  The  well-known  anastomo- 
sis between  the  ninth  or  hypoglossal  nerve,  and  the  cervical  plexo), 
in  front  of  the  carotid  artery,  may  be  quoted  as  a  good  example. 
Certain  fibres,  which  come  from  'the  medulla  oblongata  as  part  of 
the  ninth  nerve,  leave  that  nerve  as  it  crosses  over  the  carotid  arteiy, 
pass  down  in  front  of  the  artery,  and  apply  themselves  to  a  descend- 
ing branch  of  the  cervical  plexus,  forming  in  front  of  the  carotid  artery 
and  jugular  vein  an  arch  with  tbe  concavity  directed  upwards,  sevenl 
nerves  passing  from  the  convexity  to  neighbouring  muscles.  Some 
of  the  filameoti  which  are  given  oS*  from  this  arch,  are  derived  ftont 
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le  ninth  nerre,  and  odiers  from  the  cervical  plexus  ;  whilst  others 
eem  to  form  a  complete  arch,  and  to  be  equally  connected  with  both 
tirtes ;  and,  if  we  trace  these  latter  fibres  from  the  ninth  nerve, 
re  find  them  passing  upwards  and  baclrwards  into  the  descending 
nmch  of  the  cervical  plexus,  and  so  returning  to  the  spinal  cord. 
lie  nervous  loop,  thus  formed,  must  evidently  establish  a  communi- 
ation  between  the  cervical  region  of  the  spinal  cord  and  that  portion 
f  the  medulla  oblongata  whence  the  ninth  nerve  appears  to  derive 
tieri^n. 

Similar  nervous  loops,  leaving  the  nervous  centre  as  a  constituent 
f  one  nerve,  and  returning  to  it  at  some  distance  in  company  with 

differeot  nerve,  are  found  in  various  parts  of  the  nervous  system. 
lie  commissural  fibres  of  the  optic  tracts  may  be  quoted  as  an  ex* 
■pie.  These  fibres  leave  the  centre  by  one  tract,  and  return  to  it 
f  the  other.  It  is  probably  owing  to  an  anastomosis  of  this  kind, 
etween  the  posterior  and  anterior  roots  of  the  spinal  nerves,  that  the 
itter  enjoy  a  slight  degree  of  sensibility.  Other  instances  of  a  similar 
ind  have  been  described  by  Volkmann.  In  the  calf  he  found  an 
nastomosis  between  the  fourth  pair  of  nerves  and  the  first  branch  of 
be  fifth  pair,  forming  an  arch,  from  the  convexity  of  which  several 
finches  passed  off  in  the  peripheral  direction.  By  far  the  greater 
nit  of  these,  on  microscopic  examination,  appeared  to  receive  theit 
bres  from  the  fourth  ;  while  those  fibres  of  the  fifth,  which  contri- 
nted  to  the  formation  of  the  arch,  passed  centripetally  to  the  brain, 
oond  up  in  the  sheath  of  the  fourth  nerve.  There  is  a  similar  nerv- 
QM  nrch  formed  between  the  second  or  third  cervical  nerve  and  the 
eeessory  nerve.  Certain  fibres,  when  traced  from  the  former,  ap- 
cnr  to  pass  back  to  the  centre  in  the  sheath  of  the  latter.  This  anas- 
Mnoais  Volkmann  found  in  the  human  subject,  and  in  several  of  the 
iwer  animals.* 

According  to  Gerber,  similar  loops  are  found  in  the  sheaths  of 
pinal  nerves.  Certain  fibres  emerge  from  and  return  to  the  nervous 
entre,  forming  a  loop  with  the  convexity  directed  towards  the  peri- 
kefj,  without  connecting  themselves  with  any  peripheral  organ  or 
nctnre,  or  going  beyond  the  nerve-sheath.  To  these  loops  this  ana- 
swat  has  given  the  &nciful  title,  nervi  nervorum. 

PUxuies. — When  several  neighbouring  nerves  freely  interchange 
leir  fires,  a  complicated  form  of  anastomosis  is  produced,  which 
I  called  a  plexus.  Four  or  five  nerves,  for  example,  proceed  from 
be  ipinal  cord,  for  a  certain  distance  without  any  communication 
rith  each  other.  A  division  of  each  then  takes  place,  and  from  the 
onjanction  of  their  neighbouring  branches  new  nerves  result,  which 
gain  subdivide  and  interchange  fibres,  and  by  the  free  communica- 
on  which  is  thus  established,  a  network  is  sometimes  formed,  (as 
1  the  cervical  plexus,)  in  the  meshes  of  which  areolar  tissue,  and 
Mnetimes  fat,  are  deposited.  Finally,  certain  nerves  emerge  from 
le  plexus  thus  formed,  which  are  composed  of  fibres  derived  from 
erend  of  the  original  trunks.    Examples  of  this  kind  of  anastomo- 

•  Mailer's  ArchiT.,  1840: 
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sis  are  foand  in  connection  vith  the  anterior  branches  of  the  spind 
nerves  in  the  neclc,  the  axilla,  the  loins,  and  the  sacral  region ;  ud 
there  are  also  plexuses  formed  in  the  course  of  the  fifth  nerre,  tlie 
portio  dura  of  the  seventh,  the  glosso- pharyngeal,  and  the  par  vtgum. 
The  fibres,  which  pass  through  a  plexus,  notwithstanding  the  tp- 
parent  intricacy  of  their  communication,  preserve  their  individuali^. 
This  may  be  proved  by  irritating  a  single  nerve  before  it  has  broni 
up  in  the  plexus.  Such  irritation  will  produce  contraction  of  eertim 
muscles  only;  of  those,  namely,  to  which  the  fibres  of  that  nerve  are 
distributed.  It  is  probable  that,  owing  to  the  frequent  change  of 
place  which  the  fibres  undergo  within  the  plexus,  they  are  bna^ 
into  communication  with  a  greater  number  of  muscles  than  if  no  neh 
subdivision  had  taken  place.  Kronenberg's  experiments  showedthit 
the  irritation  of  certain  nerves  of  the  plexus  before  their  subdivisian 
caused  the  contraction  of  those  muscles  only  which  received  filamoili 
from  them.* 

Termination  of  JVerves.— The  connection  which  the  lerminal  fila- 
ments of  nerves  form  with  the  proximate  constituents  of  the  striped 
muscle  has  been  already  described  (p.  161).  From  that  deaeriptin 
it  will  appear  that  the  nervous  fibres  do  not  come  into  immedith 
communication  with  the  sarcous  substance,  unless  we  have  recoane 
to  the  supposition  that  some  miaiite 
Tig.  60.  elements  proceed  from  those  fibres, 

and  penetrate  the  sarcolemma.  Sadi 
a  supposition  has  no  foundation  ia 
anatomy,  so  far  as  our  present  know- 
ledge extends.  It  is  a  curious  nb- 
ject  of  investigation  to  detennine 
what  becomes  of  the  nerve-tubei, 
which,  al^er  the  formation  of  the 
loopswhich  cross themuscular fibres, 
take  a  retrograde  course  towards  the 
nervous  centre.  Do  they,  for  in- 
stance, relurn  to  the  spinal  cord? 
and  can  it  be  their  office  to  form  a 
second  connection  with  the  vesicit 
lar  matter  of  the  c e re bro -spinal  cen- 
tre, the  descending  fibre  coming  from 
the  brain,  and  the  relurningone  being 
implanted  in  the  gray  matter  of  the 
cord  ? 

In  the  skin  the  arrangement  ii 
plexiform  ;  but  this  is  reducible  to 
loopinga,  as  will  be  explained  in  the 

molntloenh  of "ilir  lower  "jaw  in  iKe  iherp,      chapter  On  Touch. 

v37n"m,)"'"  """«•"'"' '"  '"P'-f*""        The  arrangement  of  the  primitive 

fibres  in  loops  has  been  also  seen  bj 

Henle  on  some  parts  of  mucous  membrane  ;  in  the  membrana  nic- 
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ituis  of  the  frog,' for  example,  and  in  the  mucous  membrane  of 
be  throat  in  the  same  animal.  A  similar  disposition  has  been  de- 
Kribed  and  delineated  by  Valentin  in  the  pulps  of  the  teeth  (fig.  60), 
iw)  we  hare  seen  it  in  the  papillsB  of  the  tongue. 

The  so-called  nervei  of  pure  sense,  the  olfactory,  optic,  and  audi- 
Iny  nerres,  may  more  properly  be  regarded  as  portions  of  the  brain 
iliclf  than  as  mere  nerres,  for  they  possess  most  of  the  anatomical 
dnncters  of  nervous  centres.  The  intra-cranial  portion  of  the  first 
■  M  distinctly  compounded  of  Tesicular  and  fibrous  matter  as  a  con- 
Tolotion  of  (he  brain.  In  the  peripheral  expansion  of  the  optic  nerve, 
tbe  retina,  it  will  be  hereafter  shown  that  the  vesicular  elements  of  a 
Mrrons  centre  are  as  unequivocally  present  as  in  the  olfactory  bulb. 
As  regards  the  auditory  nerre,  there  are  also  some  grounds  for  the 
ititement  that  the  vesicles  of  gray  matter  are  deposited  at  its  peri- 
pkeral  expansion  in  the  internal  ear.* 

Of  the  Ganglionic  or  Sypipathetic  JVerces. — The  composition  of 
Aese  nerves  is  essentially  si- 

■ikr  to  that  of  the  cerebro-  Fig.  ei. 

^Mnal  nerves.  They  consist 
rif  a  series  of  nerve-fibres 
boond  together  by  areolar 
ttHoe  which  forms  their  neu- 
rilemma. This  sheath  is, 
however,  denser  than  in  the 
eeiebro-spinal  nerves,  so  that 
Ae  nerve-fibres  are  more 
dilEcuIt  of  separation,  and 
the  fasciculated  character  is 
■ot  so  obvious.  It  consists  al- 
■ost  entirely  of  white  Jibrous 
tiisae  longitudinally  dispos- 
ed, which  are  crossed  by  some 
ine  circular  fibres  of  yellow 
tinoe,  surrounding  the  nerves 
atTarioua  distances  from  each 
ether.  When  a  nerve  is  torn 
ip  by  needles,  and  treated  by 
acetic  acid,  numerous  smalt 
oval  ccll-nuclei  are  seen  ly- 
iflg  in  and  among  the  fibres, 
with  their  long  axes  parallel 
to  the  latter. 

The  sympathetic  nerves 
contain  the  fibres  of  both 
lands,  the  tubular  and  the 
gelatinous,  in  very-  variable 
qnantity  in  different  nerves. 
Thus,  the  former  are  numerous  in  the  ramifications  of  the  solar  plexus 

*  See  fiirUier  on  ibese  poinu  ihe  cbipiers  on  SmetL,  VisioD,  and  Ueariog. 
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and  in  the  cardiac  nerves  ;  and  the  latter  almost  exclasirely  compose 
one  of  the  fascicles  by  which  the  sympathetic  communicates  with  the 
spinal  nerves  (fig.  61,  e):  they  are  so  numerous,  while  the  tubniar 
fibres  are  few,  in  the  sympathetic  cord  in  the  neck.  In  some  nennt, 
the  tubular  fibres  are  quite  on  the  surface ;  and  in  others,  thej  are 
enclosed  in  the  axis  of  the  nervous  trunk.  It  is  probable  thai  the 
same  change  of  place  between  the  fibres  occurs  in  these  nervei  u 
that  which  we  have  noticed  in  the  cerebro-spinal  nerves ;  so  &at 
those  fibres  which  at  one  part  of  the  nerve  were  superficial,  would  il 
another  be  deep-seated,  and  vice  versd. 

The  mode  of  branching  of  these  nerves  is  essentially  the  same  as 
that  of  the  cerebro-spinal.  But  the  frequent  formation  of  ganglia  ii 
the  course  of  the  trunks,  and  of  their  ramifications,  constitutes  a  re- 
markable feature.  The  branches  attach  themselves  to  the  exterior  of 
arteries,  forming  very  intricate  plexuses,  which  entwine  around  them, 
^^hederse  ad  modum"  (Scarpa).  Along  these  vessels  the  nerves  are 
conveyed  to  the  tissues;  but  of  the  mode  in  which  their  filaments 
connect  themselves  immediately  with  those  textures  we  are  at  present 
entirely  ignorant.  The  ramifications  of  the  sympathetic  seem  to  be 
limited  to  the  trunk  and  head  :  it  has  probably  no  connection,  ot  at 
most  a  very  limited  one,  with  the  extremities. 

The  connection  of  the  sympathetic  system  with  the  brain  and  spinal 
cord  appears  to  take  place  through  the  cerebro-spinal  nerves.    Ce^ 
tain  filaments  connect  each  spinal  nerve  to  some  portion  of  the  gan- 
glionic chain  which  lies  on  each  side  of  the  spinal  column.     And  i 
similar  connection  takes  place  between  ganglia  of  the  cephalic  portion 
of  the  sympathetic  and  the  encephalic  nerves,  of  which  the  following 
may  be  cited  as  well-known  instances : — The  third  nerve  is  con- 
nected with  the  ophthalmic  ganglion  ;  the  sixth  with  the  superior 
cervical  ganglion  ;  the  fifth  nerve  with  the  spheno-palatine  and  otic 
ganglia.     These  connecting  filaments  have  been  called  the  roots  of 
the  sympathetic  ;  and  thus  this  nerve  has  been  represented  as  taking 
an  extended  origin  from  numerous  points  of  the  cerebro-spinal  cen- 
tre.    This  is  true  :   but,  in  dissecting  the  connection  between  the 
sympathetic  and  the  spinal  nerves,  we  find  that,  for  the  roost  part, 
two  distinct  fascicles  connect  them,  one  of  which  is  white,  being 
composed  of  tubular  fibres  ;  the  other  is  gray,  and  consists  of  gela- 
tinous   fibres.     The   former   seem    evidently   cerebro-spinal   fibres, 
which  pass  to   or  from  the  periphery  conjoined  with  the  other  ele- 
ments of  the  sympathetic  :  but,  in  the  present  state  of  our  knowledge, 
it  is  difficult  to  form  a  correct  idea  as  to  the  precise  object  of  the 
latter  bundles,  or  as  to  the  central  connection  which  they  form,  whe- 
ther with  the  ganglion  on  the  posterior  root  of  each  spinal  nerve,  or 
with  the  spinal  cord.     That  the  sympathetic  has  intimate  and  exten- 
sive connections  with  the  brain  and  spinal  cord,  is  abundantly  proved, 
not  only  by  the  anatomical  statements  above  detailed,  but  by  the  cir- 
cumstance of  which  every  one  is  conscious,  that  pain  may  be  excited 
in  parts  supplied  from  this  system  of  nerves  alone,  as  in  the  intestines; 
as  well  as  by  the  fact  that  irritation  of  the  spinal  cord  may  produce 
contraction  of  muscles  which  derive  their  nerves  from  this  source,  and 
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duboctive  diseaie  of  that  orgaa  may  occuioD  paralysia  of  those 


Fig.  6S. 


Of  the  mtnout  centrei. — The  nervous  centres  ejrfiibit  to  us  the 
laiOB  of  the  resicular  and  the  fibrous  nervous  matter.  Indeed,  the 
■KKiation  of  these  two  forms  of  nervous  substance  in  a  mass  of  vari- 
lUe  shape  or  size  is  the  main  anatomical  condition  for  the  formation 
jt  B  nervous  centre.  The  former  is  never  met  with  in  neivea  pro* 
Nfly  SO  called,  and  when  a  trae  nerve  has  a  grayish  appearance,  we 
■id  that  it  ia  owing  to  a  paucity  of  (he  tubular,  and  an  excess  of  (he 
{ek(inous  fibres. 

All  nervous  centres  are  provided  with  a  proper  covering  which 
lenres  to  isolate  them  from  adjacent  textures,  and  to  protect  them,  as 
veil  as  to  support  their  nutrient  blood- vessels.  In  the  ganglia  this 
jovering  is  continuous  and  identical  with  the  neurilemma  of  the  nerves 
vhieh  are  connected  with  them,  and  it  is  in  every  respect  of  the  same 
dneture  as  the  latter  membrane. 

Id  the  larger  centres,  the  brain  and  spinal  cord,  the  coverings  are 
if  a  more  complicated  kind.  They  are  called  meninget,  membranes. 
Ilnee  of  them  are  enumerated  :  The  dura  mater,  which  is  external ; 
be  pia  mater,  which  is  in  immediate  connection  with  the  nervous 
Mtter  of  the  centre ;  and  the  amchnoid  membrane,  a  serous  sac  inter- 
■ediate  to  the  two  tunics  Just  mentioned,  which  is  evidently  destined 
o  ftcilitate  the  movements  of  these  organs  within  their  proper  cavi- 
ies.  These  will  be  more  particularly  described 
hrther  on. 

Ia  ezamioing  (he  ganglia,  we  obtain  a  good 
dea  of  tiie  minute  structure  of  nervous  centres 
a  general.  A  thin  slice  of  one  of  the  larger  gan- 
^,  torn  up  by  needles,  or  a  small  ganglion  from 
ame  small  animal,  serves  to  show  the  disposition 
if  the  vesicular  and  fibrous  matter  in  these  bodies. 

A  ganglion  may  be  compared  to  a  plexus,  with 
lerve-vesicles  deposited  in  its  meshes  (figs.  62, 
i3].'  In  tracing  a  nerve  into  a  ganglion,  its  com- 
Mnent  fibres  appear  to  separate,  and  to  pass 
boa^  the  ganglion  in  difTerent  directions  ;  some 
auntaining  their  original  course,  others  diverg- 
■g  from  it  for  a  short  way  and  afterwards  return- 
ag  to  it,  and  others  taking  altogether  a  new  direc- 
ionand  passiogout  of  the  ganglion  in  combination  nniiion  at  ms  green- 
•ith  other  fibres,  to  form  an  emerging  nerve.  A  X  'tbi  cJanTo"^ 
xrtain  degree  of  interlacement  of  the  fibres  thus  P'i,';l^S?*^"i?'„,'^rS 
akea  place  within  the  ganglion,  and  in  its  inter-  El;r"i*bSihJ^o1'iSl 
tficea  are  lodged  the  nerve-vesicles  enveloped  by  veMine  lumc  DeneMh 
Iwir  proper  sheaths.  A  great  number  of  nerve-  fliitar vieniTi"'"'" 
ibres  may  be  traced  through  the  gnnglion,  so  that 
lie  emerging  nerves  may  be  regarded  as  resulting  from  a  new  com- 
nnation  of  the  fibres  that  compose  the  nerves  which  entered  the 
^glion.  These,  however,  are  possibly  not  the  only  constituent  fibres 
)f  the  emerging  nerves,  for  it  has  yet  to  be  ascertained  whether  some 
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fibres  may  not  take  tbeir  rise  lirom  the  Tesiealir  matter  of  tbe  gaa-    I 
glion,  and  it  is   a  not  less  interenq.   ! 
Fig.  03.  object  of  inqairy  wbfther  kdc  of  Ibe    I 

entering  fibres  may  not  terminate  ia  it'  , 
That  the  nerre-tubea  have  an  intimala 
connection  wilh  tbe  elements  of  tbe  t^ 
siculsr  matter  is  apparent  from  the  het 
that  they  lie  in  close  apposition  «i& 
them,  and  appear  to  indent  their  sheathi 
of  nucleated  corpuscles  (fig.  67).  Some- 
times the  sheath  seems  to  taper  0^"  fron 
tbe  nerve- vesicles,  and  to  become  con* 
tinuous  with  tbe  nerve-tubes.  It  is  a 
conjecture  by  no  means  devoid  of  pto- 
babilily,  that  the  processes  of  the  eaa> 
A  tmair  piece  of  ihe  niicginKiian  of   date  vcsicle  mBv,  after  passin?  some  way, 

the  ■heep.uiahily  conpreMcdiibow-      ,  .*  ,    .        ri         .  Y    i 

insibe  interiDceinrniof  ihe  iniemii  become  mvesled  by  the  tubuUr  meiB* 
SJrvVelc^f™'"""™"'"'*'"  brane  and  by  the  white  substance  of 
Schwann,  and  we  have  seen  some  ap- 
pearances to  warrant  this  view  (see  fig.  56,  c,  d].  Yet  it  should 
be  stated,  as  opposed  to  this  view,  that  in  the  gray  matter  of  (ba 
cerebellum  the  caudate  vesicles  are  so  placed  that. Ibeir  processes  pisi 
toward  the  free  surbce  of  Ihe  cortical  layer,  and  not  intd  tbe  whito 
matter. 

Besides  the  tubular  fibres,  the  ganglia  contain  likewise  gelatioona 
ones,  which,  however,  sre  more  abundant  in  the  sympathetic  than  is 
the  cerebro-spinal  gnnglia  (fig.  68,  g).  These  fibres  are,  doubtless 
conlinuous  with  those  of  the  same  kind  which  may  exist  in  the  en- 
tering or  emerging  nerves.  We  may  also  add,  that  tbe  vesicolai 
matter  does  not  appear  to  be  confined  to  tbe  interstices  between  the 
fibres,  but  is  likewise  found  at  the  surface  of  the  ganglia,  lying  in 
immediate  contact  with  their  investing  tunic. 

In  the  brain  and  spinal  cord,  there  is  a  greater  separaliou  of  tbe 
vesicular  and  fibrous  matter  than  in  the  ganglia.  The  former  veiy 
complicated  organ,  indeed,  consists  of  various  masses  which  are  in 
all  essenlial  points  very  similar  to  the  ganglia  in  structure,  and  doubt- 
less also  in  function  :  but  its  hemispheres  are  larger  masses,  of  which 
the  interior  subslance  is  composed  exclusively  of  fibrous  matter,  sur- 
rounded by  a  layer  of  vesicular,  which  forms  a  rind  or  cortex  to  it. 
Tbe  fibres  of  the  former,  however,  are  prolonged  into  this  cortical 
layer,  and  the  inlermixture  of  the  two  forms  of  nervous  substance  is 
thereby  efTecteiJ  (fig.  57). 

The  spinal  cord  is  composed  of  certain  columns  of  fibrous  sub- 
stance, in  which  a  large  number  of  the  fibres  take  a  longitudinal 
direction.  These,  in  a  great  degree,  enclose  a  distinct  arrangement 
of  vesicular  matter,  into  which,  however,  as  in  the  cortical  layer  of 
ihe  cerebral  hemispheres,  some,  at  least,  of  ihe  fibres  of  the  external 
white  mniter  are  continued, intermingling  with  its  elements.  It  may, 
therefore,  be  staled  generally  that  in  the  brain  Ihe  vesicular  matter 
is  external  and  cortical,  and  in  the  spinal  cord  it  is  internal  and  al- 
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npleteljr  sarroanded  by  the  white  fibrous  matter.  This  dif- 
f  amngement  is  probably  to  be  ascribed  to  the  fact,  that 
at  the  whole  coarse  of  the  spinal  cord  nerres  are  being  giren 
it  from  the  encephaloa  they  come  only  from  certain  regions, 
-egions  the  while  matter  is  superficial ;  but  in  the  hemispheres, 
ch  no  nerves  proceed,  it,is  deep-seated.  We  shall  describe 
lutely  the  disposition  of  the  two  kiods  of  nerrous  matter  ia 
<ro-spinal  centre  at  a  future  page. 


Cf  Uu  Nerva  and  Nervous  Centra  in  InvertebraU  Aniinalt. 

m[rtion  above  given  applien  to  the  human  euhject,  and  to  the  veita- 
9B  generaily.  In  all  eseential  points,  bd  ^  as  the  present  state  of  oar 
1  enables  ds  to  judge,  the  slruclural  arrangement  of  the  nerres  and 
nltes  of  the  invertebrate  claEMs  accords  with  this.  Some  dillerenoes, 
exist  which  ceauire  to  be  noliced  here.  In  ihe  lobeter,  lbs  nerve- 
laifne;  the  tubular  membrane  has 


Fig.M. 


But  i 


encloses  r 


delicate 


racions  intervals.  Within  the  lu- 
ibrene  there  is  a  very  ihin  lEiyer 
lie  Hibstance  of  Schwann.  The 
t  «e  very  transparent,  and  ate 
n  than  the  average  size  in  verte- 
speciing  the  existence  or  siracinre 
itiaons  fibres,  we  can  ofTer  no  re- 
insects  and  myriapoda,  the  nerve- 
'  considerably  in  size ;  ihey  are 
nto  bundles,  and  are  surrounded 
tpareni  sheath  of  homogeneous 
,  which  accompanies  the  larger 
nsof  thenerve-lrunks.  The  white 
at  Schwann  is  not  so  obvious  not 

in  these  nerves  as  in  those  of  the 
]  ifae  existence  of  nuclei  (Hg-  64) 
n  resemble  closely  the  gclalinaus 
the  vertebrata.  The  anatomical 
of  ihe  vesicular  nervous  mailer  of 
a  do  not  essentially  diOcr  from 
f  same  substance  in  the  vertebrate 
br  as  our  observation  enables  us 

The  nerve- vesicles  with  nuclei  and  nucleoli  are  ei^ually  apparent 
mgtk  in  Ihe  former  they  are  more  transparent,  and  contain  less  pigment 

r  development  of  Tierve-^fibres. — We  can  add  nothing  to  the 
pTen  by  Schwann  of  the  development  of  nerve.  The  fol- 
quotetl  from  Dr.  Willis's  translation  of  Wagner's  Physio- 

nerres  appear  to  he  formed  after  the  same  manner  as  the 
▼iz.,  by  the  fusion  of  a  number  of  primary  cells  arranged 
oto  a  secondary  cell.  The  primary  nervous  cell,  however, 
iKt  been  seen  with  perfect  precision,  by  reason  of  the  diffi- 
listinguishing  nervous  cells  whilst  yet  in  their  primary  state, 
indifiereat  cells  out  of  which  entire  organs  are  evolved. 


NervOD*  fibrei  of  in 


Inwi  Ihe  bi/nrcuioii  i 
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Yfhea  Grst  a  nerve  can  be  distinguished  as  such,  it  presents  itself  H 
&  pale  cord  with  a  longiti* 
Fig,  8S.  dinsl  fibrillatian,  and  in  this 

cord  a  multitude  of  nuclei  iic 
apparent  (fig.  65,  a).  It  ii 
easy  to  detach  individual  fila> 
ments  from  a  cord  of  this  kbd, 
as  the  figure  just  referred  t* 
shows,  in  the  interior  of  which 
many  nuclei  are  included,  ■• 
milar  to  those  of  the  primitire 
muscular  fasciculus,  but  at  i 
greater  distance  from  one  ana- 
tber.  The  filaments  are  pale, 
;_a.  granulated,  and  (as  appetfl 
^^  by  their  farther  deTelopment) 

WMiw«.ii  nw  wgiin  lo  De  Mpouled.    *.  »ucleii«  in«    holloW.       At  thls  periOQ,  SS  11 

induhukTmcmbniia. /.  Di>pi»-iihBtuimi*rinrR>-  muscle,  a  Secondary  depoH 
^'hwium.)'"'"''""'"""*''"'"**'""''*'^'''*'^^  taltes  place  upon  the  inuer  !► 
pect  of  the  cell-membrane  of 
the  secondary  nervous  cell.  This  secondary  deposit  is  a  fatty  whil^ 
coloured  substance,  and  it  is  through  this  that  the  nerve  icqaiiei 
its  opacity.  This  is  seen  in  fig.  60  ;  superiorly,  at  c,  the  fibril  b 
still  pale  ;  inferiorly,  at  d,  the  deposition  of  the  white  substance  bu 
occurred,  and  its  effect  in  rendering  the  fibril  dark  is  obvious.  VTA 
the  advance  of  the  secondary  deposit,  the  fibrils  become  so  thick,  that 
the  double  outline  of  their  parietes  comes  into  view,  and  they  acqnin 
a  tubular  appearance.  On  the  occurrence  of  this  secondary  depont 
the  nuclei  of  the  cells  are  generally  absorbed ;  yet  a  few  may  still  be 
found  to  remain  for  some  time  longer,  when  they  are  observed  lying 
outwardly  between  the  deposited  substance  and  the  cell- membrane, 
as  in  the  muscles  (e).  The  remaining  cavity  appears  to  be  filled  by 
a  pretty  consistent  substance,  the  band  of  Remak,  and  discovered  by 
him.  In  the  adult  a  nerve,  consequently,  consists,  1st,  of  an  outer 
pale  (hin  cell-membrane, — the  membrane  of  the  original  constituent 
cells,  which  becomes  visible,  when  the  white  substance  is  destroyed, 
by  degrees;  2d,  of  a  white  fatty  substance  deposited  on  the  inner  as- 
pect of  the  cell  membrane,  and  of  greater  or  less  thickness ;  3d,  of  ■ 
substance,  which  is  frequently  firm  or  consistent,  included  within  the 
cells,  the  band  of  Remak." 

The  fully<formed  vesicular  matter  exhibits  the  persistent  state  of 
the  cells  of  primitive  development.  According  to  Schwann,  the  only 
change  which  the  full-grown  cell  exhibits  consists  in  an  increase  oi 
si:ce,  and  in  the  development  of  the  pigmentary  granules  within. 
According  to  Valentin's  description,  the  following  is  the  process  of 
development  of  the  nerve- vesicles.  In  the  very  young  embryos  of 
tnammnlia,  as  the  sheep  or  calf,  the  cerebral  mass  in  the  course  <tf 
formation  contains,  in  the  midst  of  a  liquid  and  transparent  blastema, 
transparent  cells  of  great  delicacy  with  a  reddish-yellow  nucleus. 
Around  these  primitive  cells,  which  we  find  likewise  formed  after  the 
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le  type  in  the  spinal  cord,  a  finely  granular  mass  becomes  depo- 

d,  which  probably  is  not  at  first  surrounded  by  an  enveloping  cell- 
mbrane.  At  this  early  period  of  formation  the  primitive  cell  still 
serves  its  first  delicacy  to  such  a  degree,  that  the  action  of  water 
ses  it  to  burst  immediately.  In  proportion  as  the  granular  mass 
iCracts  itself  within  certain  limits,  a  cell-membrane  probably  is 
reloped  around  it,  so  that  the  vesicle  gradually  acquires  the  exact 
n  and  size,  and  its  contents  the  proper  characters,  which  belong 
Ji€  fully-formed  nervous  corpuscle. 

^  the  regeneration  of  nervotis  matter. — Our  chief  knowledge  on 
I  aabject  is  with  respeet  to  the  regeneration  of  the  tubular  fibres. 
oy  years  ago  our  countryman.  Dr.  Haighton,  in  making  expe- 
ents  to  determine  the  functions  of  the  vagus  nerve,  showed  that 
en  a  nerve  is  simply  divided,  without  removing  any  portion  of  it, 
OD  would  take  place,  and  the  nerve  resume  its  proper  office.  If 
MHisiderable  piece  were  excised,  so  as  to  leave  much  interval 
ween  the  cut  ends,  there  would  be  union  after  the  lapse  of  some 

e,  but  not  by  true  nervous  fibres,  nor  in  such  a  way  as  to  restore 
action  of  the  nerve.     It  appears,  however,  from  recent  observa* 

iSy  of  which  those  of  Schwann,  Steinruch,  and  Nasse  are  the  most 
{resting,  that  true  nerve-fibres  may  be  developed  in  this  uniting 
(Stance,  but  apparently  in  smaller  numbers  than  in  the  nerve  itself, 
e  proof  of  the  regeneration  of  the  true  nerve-fibres  depends  upon  the 
toration  of  the  nerve's  function,  and  the  demonstration  of  the  pre- 
ee  of  proper  nerve-tubes  by  microscopical  examination.  Perfect 
teation  of  the  action  of  the  nerve  does  not  generally  take  placQ, 
tag,  most  probably,  to  the  fact  that  the  central  and  peripheral  por* 
IS  of  the  same  fibres  do  not  always  meet  again.  The  central  portion 
I  motor  fibre  might  unite  with  the  peripheral  segment  of  a  sensitive 
*,  and  thus  the  action  of  each  would  be  neutralized. 
Nothing  satisfactory  is  known  respecting  the  regeneration  of  the 
▼oils  matter  of  the  brain  or  spinal  cord  after  a  loss  of  substance 
B  injury  or  disease.  When  a  portion  of  the  brain  is  removed  in 
oials,  its  place  is  supplied  by  new  matter;  but,  whether  this  be- 
ncs  true  cerebral  substance,  future  research  with  good  microscopes 
St  determine. 

7m  refer  on  the  sabjects  of  this  chapter  to  the  yarioas  works  on  General  Anatomv 
led  in  former  chapters,  especially  to  that  of  Henle;  to  Muller's,  and  Wagners 
violo^ ;  to  the  articles  Nerve,  and  Nervoas  Centres,  in  the  Cyclop.  Anat.  and 
*«.;  to  the  fourth  vol.  of  8(£mmering*s  Anat.  by  Valentin  (German  and  French)  ; 
^aleBtin,  uber  den  Verlanf  and  die  ietzten  Enden  der  Nerven ;  and  to  Bidder  and 
kmanD.DieSelbstandigkeit  des  sympathetischen  Nervensystem.  Leipzig,  1842. 
( Tenearehes  of  Bidder  and  Volkmann  on  the  sympathetic  system  are  of  great  in* 
St,  if  farther  observation  shall  confirm  them.  These  authors  describe  the  peca- 
fibres  ofthe  sympathetic  as  originating  independently  of  the  spinal  cord  or  brain. 
fir  description  of  these  fibres  does  not  exactly  accord  with  what  we  have  seen  of 
felaiinoQs  fibres,  nor  are  we  at  present  prepared  to  express  any  decided  opinion 
lecdngtbe  accuracy  of  their  observations,  which  are  very  favourable  to  the  theory 
he  iadependence  of  the  sympathetic  system. 
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CHAPTER  IX. 

• 

VITAL  PROPERTIES  OF  NERVES  AND  NERVOUS  CENTRES.— CLAS8IITCATI0I 
OF  NERVES  ACCORDING  TO  THE  VITAL  ENDOWMENTS  OF  THEIR  FIBKHi 
— STIMULI  OF  NERVOUS  ACTION,  MENTAL  AND  PHYSICAL. — :VU  m- 

vosA — ITS  nature;  is  it  electrical? 

Of  the  vital  properties  of  nerves  and  nervous  centres. — There  ire 
no  textures  which  exhibit  such  proneness  to  molecular  change,  ander 
the  influence  of  their  proper  stimuli,  as  nerve  and  muscle.  It  hit 
already  been  stated  in  the  first  chapter  (p.  69),  that  each  of  these  til* 
sues  manifests  its  vital  action  in  a  different,  although  a  very  analogoas 
way.  Muscles,  while  they  are  capable  of  responding  to  other  stimuli, 
almost  invariably  act  in  obedience  to  that  of  nerve ;  and  the  chancn 
which  muscular  contraction  produces  are  obvious  to  oar  unaided 
senses  in  the  shortening  of  the  muscle,  and  in  its  greater  thickDefl 
and  hardness.  Even  the  alterations  in  the  condition  of  its  sarcott 
elements  may  be  discerned  by  the  microscope,  and  have  been  de* 
scribed  at  page  170. 

The  changes,  however,  which  take  place  in  nerve,  when  in  action, 
are  known  to  us  only  by  the  effects  which  they  produce  on  the  sentient 
mind  or  on  muscular  parts.     There  is  no  alteration  in  the  physieil 
appearance  of  the  nerve  or  its  fibres,  which  can  be  detected  by  oar 
aided  or  unaided  vision.     Yet,  from  the  rapidity  with  which  stimufi 
applied  to  nerves  produce  their  effects  on  distant  faiuscular  parts, 
from  the  instantaneous  cessation  of  these  effects  on  the  removal  of 
the  stimulus,  and  the  speedy  renewal  of  them  on  its  reapplication,we 
can  refer  the  phenomena  to  nothing  so  well  as  to  a  moleailar  clumge^ 
rapidly  propagated  along  the  course  of  the  nerve  from  the  point  of 
application  to  the  stimulus.     And  in  the  instantaneousness  of  its  pro- 
duction, and  the  velocity  of  its  propagation,  we  may  compare  it  to 
that  remarkable  change  in  the  particles  of  a  piece  of  soft  iron,  in 
virtue  of  which  it  acquires  the  properties  of  a  magnet  so  long  as  it  is 
maintained  in  a  certain  relation  to  a  galvanic  current ;  these  pro- 
perties being  instantaneously  communicated  when  the  circuit  is  com- 
pleted, and  as  instantaneously  removed  when  it  is  broken.     A  stak 
of  polarity  is  induced  in  the  particles  of  the  nerve  by  the  action  of  the 
stimulus,  which  is  capable  of  exciting  an  analogous  change  in  other 
particles,  whether  muscular  or  nervous  ;  whence  results  the  peculiar 
effect  of  the  nerve's  influence. 

Thus,  if  a  nerve  be  distributed  among  muscular  fibres  in  the  man* 
ner  described  at  a  former  page,  it  will  be  capable  of  exciting  muscu- 
lar contraction,  and  is  properly  a  muscular  or  motor  nerve;  and  it  is 
so  connected,  at  its  origin,  with  the  nervous  centre,  that  a  change 
there,  whether  induced  by  mental  or  by  physical  influence,  may  be 
readily  communicated  to  it.  When  a  nerve  is  distributed  upon  an 
expanded  surface,  as  upon  the  skin  or  mucous  membrane,  or  is  othe^ 
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ise  favourably  disposed  for  the  reception  of  any  physical  stimulus 
jm  without,  it  will  propagate  the  change  induced  by  such  stimulus 

the  nervous  centre ;  and  this  change  in  the  centre  may  produce 
I  impression  upon  the  mind,  giving  rise  to  a  sensation  ;  or  it  may 
Eect  a  motor  nerve  connected  with  the  excited  one  or  arising  from 
«  nervous  centre  adjacent  to  it,  and  thus  may  indirectly  excite  mus- 
ilar  movement  When  a  nerve  is  capable  of  acting  in  the  former 
ay,  it  is  called  a  nerve  of  sensation^  or  sensitive;  when  in  the  latter,  it 

an  excUor  of  a  motor  nerve. 

It  is  not  necessary  to  suppose  any  intrinsic  difference  of  structure 
t  tbe  nerves  which  are  thus  capable  of  producing  efiects  so  mani- 
tlly  difierent.  The  action  of  a  nerve  depends  upon  the  nature  of 
I  central  and  peripheral  connections.  It  cannot  be  motor,  unless  it 
ft  intimately  connected  with  muscles ;  nor  sentient,  if  its  relation  to 
le  nervous  centre  be  not  such  as  will  enable  it  to  afiect  the  senso- 
un  commune.  The  terms  efferent  and  afferent  are  only  so  far  ap- 
Beable  to  certain  nerves,  as  they  refer  to  the  direction  in  which 
ich  nerves  appear  to  propagate  the  change  produced  in  them,  or  to 
le  position  at  which  the  efiects  of  the  stimulation  become  manifest, 
lat  direction  having  reference  to  the  point  at  which  the  stimulus  is 
esdned  to  act.  In  a  motor  nerve,  the  ordinary  stimulus  acts  from 
le  nervous  centre ;  but  a  mechanical  or  electrical  stimulus  afiecting 
ich  a  nerve  at  any  part  of  its  course  will  cause  contraction  of  the 
inscles  supplied  by  it  below  the  point  of  irritation.  In  the  sensitive 
r  excitor  nerves,  the  usual  situation  from  which  the  stimulus  acts 

at  their  peripheral  distribution  ;  but  at  whatever  point  a  sentient 
nre  be  stimulated,  a  sensation  will  be  produced,  which  will  be  re- 
tred  to  those  parts,  and  to  those  only,  to  which  the  fibres  irritated 
«  distributed;  and,  wherever  the  stimulus  be  applied  to  an  excitor 
enre,  it  will,  with  equal  efiect,  rouse  its  corresponding  motor  nerve 
» action.  There  are  no  good  grounds  for  supposing  that  the  moie- 
ilar  change  consequent  upon  the  stimulation  of  a  nerve  is  limited  to 
lat  part  of  the  nerve  which  is  included  between  the  point  stimulated 
id  the  centre,  or  the  muscles,  where  the  efifect  of  the  stimulation  ap« 
ean :  on  the  contrary,  it  is  not  improbable,  that,  at  whatever  point 
le  stimulus  be  applied,  the  whole  length  of  the  nerve-fibre  partici- 
ites  in  the  change.  This  is  not  unlikely  in  the  case  of  motor  nerves. 
or  a  continued  or  violent  irritation  of  a  motor  nerve  in  some  part  of 
I  coarse,  causing  spasm  or  convulsive  movement  of  the  muscles  it 
ipplies,  may  be  propagated  along  its  whole  length  to  the  centre,  and 
ay  there  give  rise  to  irritation  of  neighbouring  fibres,  whether  motor 
r  sensitive,  exciting  more  convulsion  and  pain.  The  phenomena  of 
lany  cases  of  epilepsy,  in  which  the  fit  begins  with  irritation  of  a  few 
luscles,  may  be  referred  to  in  illustration  of  this  position.     And  it 

equally  probable  as  regards  sensitive  nerves.  If  the  ulnar  nerve  be 
ritated  where  it  passes  behind  the  internal  condyle,  a  sensation  of 
ogling  is  excited,  which  is  referred  to  the  sentient  surface  of  the 
Dg  and  little  fingers;  and  if  the  irritation  be  kept  up,  the  skin  of 
toae  fingers  becomes  tender  to  the  touch,  its  sensibility  being  very 
iQch  exalted.    This  fact  cannot  be  explained  unless  upon  the  sup- 
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position  tbat  the  molecular  change  in  the  nerre-fibres,  produced  bj 
the  irritation,  extends  peripherad  as  well  as  centrad,  exalting  the  ex- 
citability of  their  distal  extremities. 

At  whatever  part  of  their  course  sensitive  fibres  be  irritated,  the 
same  sensation  will  be  produced,  whether  the  seat  of  irritation  be 
the  centre,  the  periphery,  or  the  middle  of  their  course,  proTided  onlj 
the  same  fibres  are  irritated  in  the  same  degree.  Nothing  is  moif 
certain  than  that  an  affection  of  the  central  extremity  of  the  nerv» 
fibres  is  sufficient  to  excite  sensations  precisely  similar  to  those  whid 
the  excitation  of  the  peripheral  portion  of  the  same  fibres  would  pro- 
duce. Hence  it  is  that  a  morbid  irritation  at  the  centre  is  freqaeDtl|f 
referred  to  the  periphery ;  and  that  the  sensation  of  tingling  or  foim- 
cation,  in  the  hand  or  foot,  leg  or  arm,  becomes  an  inuication  of 
cerebral  or  spinal  disease.  The  remarkable  fact,  that  persons  who 
have  suffered  amputation  will  continue  to  feel  a  consciousness  of  the 
presence  of  the  amputated  limb  long  after  its  removal,  derives  worn 
explanation  from  this  doctrine.  Two  cases  have  lately  come  befbic 
us,  in  one  of  which  the  arm,  in  the  other  the  le&[,  was  amputated,  m 
long  before  as  forty  years ;  yet  each  person  had  the  sensation  of  hii 
fingers  or  toes  as  distinctly  as  immediately  after  the  operation.  And 
not  only  is  there,  in  such  cases,  the  consciousness  above  referred  to^ 
but  likewise,  when  the  principal  nerve  of  the  limb  is  irritated,  the  pa- 
tient complains  of  pains  or  tingling,  which  he  refers  to  the  amputated 
fingers  or  toes. 

It  may  be  stated,  in  confirmation  of  the  view  above  taken,  thit 
in  many  cases  of  complete  paralysis  of  a  limb  from  cerebral  disease, 
the  patient  is  not  conscious  of  its  presence,  and  really  feels  as  if  it 
did  not  exist.  We  have  known  instances  in  which  this  unconsciooi- 
ness  has  been  so  great,  that  when  the  paralyzed  part  came  in  con- 
tact with  some  sensitive  portion  of  his  body,  the  patient  for  a  time 
believed  it  to  belong  to  another  person,  or  imagined  it  some  entirely 
foreign  substance.  In  such  cases  the  affection  of  brain  necessaiy  to 
create  the  feeling  cannot  be  produced  in  consequence  of  the  morbid 
state  of  that  organ. 

The  distinction  which  has  been  made  between  nerves  of  comnM 
and  of  special  sensation,  is  indicated  by  the  fact,  that  while  a  stimu- 
lus to  the  former  causes  pain,  that  to  the  latter  gives  rise  to  a  pecu- 
liar or  special  sensation,  as  of  light,  sound,  or  taste.  These  nerves 
are  so  organized  at  their  periphery  as  to  be  peculiarly  adapted  to  re- 
ceive impressions  from  the  agents  to  which  they  specially  respond: 
and  in  this,  as  well  as  in  their  connection  with  some  special  part  of 
the  great  centre  of  sensibility,  consist  their  main  anatomical  peculi- 
arities (see  p.  69). 

The  same  law  of  nervous  action  applies  to  these  nerves  as  to  those 
of  common  sensation.  Thus,  their  ordinary  mode  of  action  is  to  pro- 
pagate to  the  centre  impressions  made  at  the  periphery  ;  but  irritation 
at  any  part  of  them  may  give  rise  to  their  peculiar  sensation  ;  and  if 
the  brain  be  stimulated  at  the  part  whence  these  nerves  arise,  similar 
sensations  are  produced.  Such  phenomena  of  vision  and  hearing,  to 
which  the  term  subjective  has  been  applied,  are  familiarly  known  to 
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raetitioners,  as  DOt  unfrequent  forerunners  of  more  serious  symptoms 
r  cerebral  disease.  Muscse  volitantes,  ocular  spectra,  tinnitus  aurium, 
t  instances  of  these  phenomena,  which,  although  of  every-day  oc- 
irrence,  ought  always  to  excite  the  attention  of  the  medical  man,  as 
idicating  some  departure  from  the  normal  state  of  the  optic  or  audi- 
«j  nenrous  apparatus.  Pressure  on  the  eyeball,  a  galvanic  current 
ined  through  it,*  rotation  of  the  body,  are  capable  of  giving  rise  to 
Bilar  phenomena,  by  exciting  the  retina,  or  the  central  connec- 
9iia  of  the  optic  nerve.  A  sense  of  giddiness,  similar  to  that  pro- 
seed  by  the  means  last  named,  is  also  a  very  common  symptom  of 
ffebnil  affection  arising  from  a  disturbed  circulation,  or  from  the 
lood  being  defective  in  one  or  more  of  its  staminal  principles,  or 
itiiited  by  some  morbid  element. 

The  nervous  trunks  as  they  exist  in  different  regions  are  usually 
Mnpound ;  that  is,  they  contain  fibres  of  different  endowments.  In 
me  situations,  it  is  true,  the  fibres  of  one  kind  predominate  so  much 
r  to  give  the  trunk  the  physiological  character  which  belongs  to 
lem ;  but  it  likewise  enjoys  in  a  proportionate  degree  the  functions 
'  those  fibres,  which  are  few  in  number.  For  example,  the  facial 
srre,  or  pariio  dura  of  the  seventh  pair,  is  called  motor  because  it 
almost  wholly  composed  of  motor  fibres ;  but  it  contains,  besides, 
,  very  much  smaller  number,  some  sensitive  filaments,  which  it 
nbably  derives  from  anastomoses  with  neighbouring  nerves.  The 
iid,  fourth,  and  sixth  pairs  of  nerves  may  be  quoted  as  of  similar 
institution  to  the  facial.  In  the  ramifications  of  the  fifth  nerve,  on 
6  other  hand,  the  filaments  of  sensation  are  predominant ;  those  of 
otion  being  much  fewer,  and  confined  to  the  branches  of  its  inferior 
■zillary  division. 

It  is  at  the  points  of  emergence  of  the  roots  of  the  nerves  from 
e  nervous  centres  that  we  find  the  most  complete  isolation  of  func- 
Ml.  This  is  well  exemplified  in  the  spinal  nerves  and  in  the  fiflh 
lir.  These  nerves  emerge  from  their  respective  centres  by  two 
mdles  of  fibres,  of  which  one  is  sensitive,  the  other  motor ;  the  for- 
er  having  almost  always  the  distinctive  features  of  greater  size  than 
e  latter,  and  of  having  a  ganglion  formed  upon  it.  But,  even  in 
€08  instances,  it  has  lately  been  made  a  matter  of  question  whether 
e  smaller  root,  which  experiment  has  satisfactorily  shown  to  be 
otor  in  its  function,  does  not  also  contain  a  very  slight  proportion 
*  sensitive  filaments. 

The  stimuli  by  which  the  action  of  nerves  is  ordinarily  provoked 
e  of  two  kinds,  mental  and  physical.  In  all  voluntary  actions,  an  act 
'  the  mind  is  the  excitant  of  the  nerve.  Sensations  are  caused  bv 
e  influence  of  physical  agents  upon  nerves,  which  communicate  with 
e  tensarium  commwne.  The  change  in  the  nerve,  by  reason  of  this 
inmonication,  gives  rise  to  a  corresponding  affection  of  the  mind. 
is  wonderful  how  quickly  such  changes  are  propagated,  and  with 
bit  precision  they  are  perceived  by  the  mind,  although  the  physical 

'  A  MroBg  MDsation  of  a  flash  of  light  may  be  produced  by  passing  a  galTaaio 
neat  ia  the  close  yicinity  of  the  eyeball. 
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excitant  may  itself  be  a  fine  point  invisible  to  the  naked  eye,  applied 
with  the  slightest  force,  and  coming  in  contact  with  a  spot  equally 
difficult  of  appreciation.  If  the  communication  between  the  nerve 
and  the  centre  be  cut  ofT,  the  will  can  exert  no  influence  upon  the 
muscles  supplied  by  the  nerve  below  the  section ;  nor  will  the  mind 
perceive  any  stimulus  applied  to  parts  which  derive  their  nerves  from 
it  below  the  separation.  And  the  reason  is  obvious  ;  the  solution  of 
continuity  of  the  nerve  interrupts  the  propagation  of  the  change  whiek 
the  mental  or  physical  stimulus  excites  in  it..  In  the  case  of  the  ifh 
luntary  nerve,  the  mental  stimulus  is  propagated  no  further  penph^ 
rad  than  the  point  of  section :  and  in  that  of  the  sensitive  nerve,  the 
change  travels  no  further  centrad  than  the  same  point.  That  the  in- 
terruption is  caused  solely  by  the  solution  of  continuity,  and  not  by 
any  alteration  in  the  properties  of  the  nerve,  is  proved  by  the  fact  that 
the  lower  segment  of  the  motor  nerve  will  still  continue  to  respondto 
a  physical  stimulus.  Mechanical  or  chemical  irritation,  or  the  pa^ 
sage  of  an  electric  current  across  it,  will  cause  its  muscles  to  contract 
Such  a  degree  of  injury  to  a  nerve  as  will  destroy  the  continuity  of 
the  nervous  matter  within  the  tubular  fibres  is  likewise  sufficient  to 
destroy  its  power  as  a  propagator  of  nervous  change.  This  effect 
will  be  produced  by  tying  a  ligature  very  tightly  round  a  nerve,  or 
by  pressing  it  very  forcibly  between  the  blades  of  a  forceps.  The 
paralysis  which  results  from  the  compression  of  a  nerve  by  a  tumor, 
or  in  any  other  way,  is  no  doubt  due  to  a  similar  solution  of  conti- 
nuity in  the  nervous  matter. 

From  these  facts  we  draw  the  important  inference  that,  in  propa- 
gating the  influence  of  a  stimulus,  either  from  periphery  to  centre, 
or  vice  versdy  nerves  are  not  mere  passive  conductors.  The  whole 
extent  of  the  fibre  between  the  point  stimulated  and  its  peripheral 
or  central  connection  is  the  seat  of  change.  How  necessary,  then, 
to  the  normal  action  of  nerves  must  it  be  to  preserve  their  physical 
condition  in  a  healthy  state !  A  morbid  fluid  impregnating  a  nerve 
at  any  point  may  irritate  it,  or  may  suspend  or  destroy  its  inherent 
property  by  modifying  its  nutrition.  It  is  thus,  likewise,  that  nerves 
may  be  paralyzed  by  soaking  them  in  a  solution  of  opium,  or  of  bel- 
ladonna, aconite,  tobacco,  or  other  powerfully  sedative  or  narcotic 
substances,  or  that  they  may  be  unduly  excited  by  applying  a  sola- 
tion  of  strychnia.  The  contact  of  a  solid  body  with  a  nerve  may  irri- 
tate and  keep  up  a  continual  state  of  excitement,  if  it  do  not  destroy 
its  properties.  A  spicula  of  bone  in  contact  with  nervous  fibres  is 
often  the  cause  of  the  severest  forms  of  neuralgia.  That  alteration 
of  nutrition  which  we  call  inflammation  may  produce  like  effects. 
Various  physical  agents  are  followed  by  similar  consequences.  The 
benumbing  influence  of  cold  is  explained  in  this  way.  Exposure  to 
a  continuous  draught  of  cold  air  is  a  frequent  cause  of  facial  paraly- 
sis. How  instantaneously  will  the  giving  way  of  a  carious  tooth 
occasion  toothache  by  exposing  the  nerves  of  its  pulp  to  the  irritating 
action  of  the  air,  or  of  the  fluids  of  the  mouth  !  And  heat  is  equally 
injurious  to  the  physical  constitution,  and  consequently  to  the  action, 
of  nerves. 
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The  organic  chanse,  whatever  be  its  intriDsic  nature,  which  stimuli, 
hether  mental  or  physical,  produce  in  a  nerve,  develops  that  won- 
^rfiil  power  long  known  to  physiologists  by  the  name  vis  nervosa^ 
e  nervous  force.  This  force  is  more  or  less  engaged  in  the  play  of 
I  die  vital  functions,  whether  organic  or  animal.  In  the  former  its 
See  is  to  regulate,  control,  and  harmonize,  as  will  be  hereafter  ex- 
ahied ;  in  the  latter,  it  is  the  main-spring  of  action,  without  which 
Mie  of  the  phenomena  can  take  place.  It  is  the  natural  excitant  of 
sscular  motion,  and  the  display  of  that  wondrous  power  depends 
Mm  its  energy.  Unless  there  were  vigour  in  the  development  and 
iplieation  of  the  nervous  force,  a  well-formed  muscular  system  would 
I  of  little  avail,  for  it  would  quickly  suffer  in  its  nutrition  if  deprived 
'  that  exercise  which  is  so  necessary  to  it. 

Although  the  workings  of  the  mind  are  doubtless  independent  of 
le  body,  experience  convinces  us  that  in  those  combinations  of 
(Ought  which  take  place  in  the  exercise  of  the  intellect,  the  nervous 
tee  is  called  into  play  in  many  a  devious  track  throughout  the  in- 
icate  structure  of  the  brain.  How  else  can  we  explain  the  bodily 
chaostion  which  mental  labour  induces?  The  brain  oAen  gives  way, 
ke  an  overwrought  machine,  under  the  long-sustained  exercise  of  a 
igOTous  intellectual  effort ;  and  many  a  master-mind  of  the  present 
'  a  former  age  has,  from  this  cause,  ended  his  days  ^*  a  driveller  and 
diow."  A  frequent  indication  of  commencing  aisease  in  the  brain 
the  difficulty  which  the  individual  feels  in  **  collecting  his  thoughts," 
e  loss  of  the  power  of  combining  his  ideas,  or  impairment  of  me- 
oiy.  How  many  might  have  been  saved  from  an  early  grave  or 
e  madhouse,  had  they  taken  in  good  time  the  warning  of  impend- 
g  danger  which  such  symptoms  afford!  The  delicate  mechanism 
'  the  brain  cannot  bear  up  long  against  the  incessant  wear  and  tear 
which  men  of  great  intellectual  powers  expose  it,  without  frequent 
id  prolonged  periods  of  repose.  The  precocious  exercise  of  the 
tellect  in  childhood  is  frequently  prejudicial  to  its  acquiring  vigour 
manhood,  for  the  too  early  employment  of  the  brain  impairs  its 
ganizatidn  and  favours  the  development  of  disease.  Emotion, 
hen  suddenly  or  strongly  excited  or  unduly  prolonged,  is  most  de- 
mctive  to  the  proper  texture  of  the  brain,  and  to  the  operations  of 
e  mind.  Our  lunatic  hospitals  afford  many  examples  of  men,  the 
orking  of  whose  minds  has  been  wholly  or  partially  destroyed  by 
e  shock  which  a  sudden  reverse  of  fortune,  or  the  loss  of  some  near 
id  dear  relative,  may  have  occasioned.  Constant  or  frequent  ex- 
iles in  the  use  of  ardent  spirits  may  probably  be  thus  injurious  in 
ro  ways;  first,  by  the  direct  influence  of  the  alcohol  on  the  cerebral 
ire  itself,  producing  a  chemical  alteration  in  the  nervous  substance; 
id  secondly,  by  the  frequent  mental  excitement  which  the  use  of  such 
■timalas  induces. 

Can  we  form  any  conception  of  the  nature  of  this  wonderful  power, 
hich  is  so  intimately  connected  with  the  functions  of  our  bodies 
id  with  the  working  of  our  minds?  That  it  presents  many  points 
'  resemblance  to  electricity,  a  comparison  of  the  laws  of  these  two 
rees  leaves  no  room  to  doubt;  although  there  are  abundant  reasons 
15 
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for  questioning  their  identity.  The  comparison  may  be  best  insti* 
tuted  between  the  nervous  power  and  the  force  of  voltaic  electrici^, 
or  current  affinity,  as  it  has  lately  been  called,  which  is  developed  la 
the  galvanic  battery.  For  the  production  of  this  force  the  ordint^ 
requisites  are  two  dissimilar  metals,  and  an  interposed  eompoaud 
liquid.  When  the  metals  are  brought  into  contact  with  each  other, 
a  chemical  action  immediately  commences,  and  an  electric  carreat 
sets  in  a  definite  direction,  namely,  from  the  metal  which  exerts  the 
greatest  affinity  for  one  of  the  elements  of  the  interposed  liquid  to< 
wards  the  other  metal.  Thus  if  zinc,  platinum,  and  dilute  sulpharie 
acid  be  used,  the  fluid  is  decomposed  ;  its  oxygen  is  attracted  to  the 
zinc,  which  being  oxidized  and  uniting  with  sulphuric  acid,  sulphate 
of  zinc  is  rapidly  formed,  and  dissolved  as  quickly  as  formedi  in  the 
liquid ;  its  hydrogen  is  evolved  at  the  platinum.  So  lone  as  there  it 
fluid  for  decomposition,  and  so  long  as  contact  between  ue  melabii 
maintained,  these  phenomena  will  continue.  During  the  continuance 
of  these  chemical  actions,  the  metals  as  well  as  the  interposed  fluid 
are  supposed  to  be  in  a  peculiar  molecular  condition,  upon  which  the 
development  of  force  in  a  current  form  depends.  Commencing  fit» 
the  immersed  portion  of  the  zinc,  each  particle,  whether  of  metal  or 
fluid,  communicates  its  peculiar  state  to  that  which  succeeds  it,  until 
the  whole  circuit,  from  the  zinc  through  the  fluid  to  the  platinom, 
and  back  again  to  the  zinc,  is  in  the  same  state,  one,  namely,  of 
polarity  or  electrical  tension.  A  similar  state  may  be  induced  ia 
glass,  sealing-wax,  &c.,  by  friction;  or  in  two  dissimilar  metals  ia 
intimate  contact,  by  heating  them  at  the  place  of  junction;  or  in  one 
metal,  as  a  coil  of  platinum  wire,  by  heating  it  unequally  (thermo- 
electricity). The  simple  contact,  indeed,  of  two  plates  of  difierent 
metals  with  perfectly  clean  surfaces  is  sufficient  to  excite  a  state  of 
polarity  in  each. 

In  the  development  of  the  galvanic  current  in  the  battery,  one  plate 
or  metal  may  be  regarded  in  the  light  of  the  generator  of  force,  the 
other  as  its  propagator  or  conductor.  The  former  has  therefore  beea 
called  the  positive y  the  latter  the  negative  pole.  The  absoI\ite  contact 
of  the  metallic  plates  themselves  is  not  necessary.  It  will  sufiice  if 
they  be  connected  by  any  material  which  is  itself  capable  of  serving 
as  a  conductor.  A  piece  of  platinum  wire,  for  instance,  extended 
between  the  two  plates,  although  it  actually  connects  only  a  veiy 
small  portion  of  the  surface  of  each,  will  answer  the  purpose.  From 
such  an  arrangement  it  may  be  concluded  that,  during  the  develop- 
ment of  the  galvanic  current,  the  conducting  metal  is  in  a  state  similar 
to  that  of  the  generating  plate,  for  the  temperature  of  the  conducting 
wire  is  raised  considerably;  and,  when  there  is  much  energy  of  action, 
the  wire  is  melted. 

The  existence  of  a  galvanic  current  is  readily  detected,  even  when 
of  feeble  intensity,  by  certain  phenomena,  which  are  now  familiar  to 
those  who  conduct  such  investigations.  If  the  poles  of  a  battery  be 
connected  by  conducting  wires  with  a  delicate  galvanometer  (elec- 
tro-dynamic multiplier),  the  needle  is  obviously  deflected  during  the 
passage  of  the  current,  and  returns  to  its  previous  position  when- 
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!Ter  the  carrent  is  intemipted.  By  making  and  breaking  the  con- 
lectioDi  in  rapid  succession,  the  needle  inoyes  to  and  fro  with  corre- 
ponding  rapidity  and  energy.  So  delicate  is  this  test  of  galvanic 
ction,  that  it  will  detect  even  the  very  feeble  current  which  results 
rom  the  heating  of  two  dissimilar  metals,  or  from  the  partial  heating 
if  a  coil  of  platinum  wire.  As  this  is  the  most  delicate  test,  so  is  it 
ibo  the  most  constant,  and  it  has  the  additional  advantage  of  ena- 
iling  the  observer  to  judge  of  the  direction  of  the  current  from  the 
losition  which  the  needle  assumes  under  the  electric  influence. 

When  a  galvanic  current  is  made  to  pass  through  certain  liquids, 
IS  dilute  sulphuric  acid,  solution  of  iodide  of  potassium,  of  sulphate 
if  copper,  &c.,  it  induces  such  an  amount  of  disturbance  of  the  at- 
imctions  existing  in  them  as  to  cause  their  decomposition,  and  give 
to  chemical  actions  of  a  similar  kind  to  those  which  take  place 

the  generation  of  the  current  (electrolysis).  This,  therefore,  be- 
a  test  of  the  presence  of  galvanic  action.  The  decomposition 
if  iodide  of  potassium  will  detect  the  existence  of  a  current  deve- 
oped  by  a  single  pair  of  plates,  and  iodine  will  be  set  free  at  the 
positive  pole. 

Further  tests  of  the  presence  of  galvanic  action  are  found  in  the 
nenetization  of  a  steel  needle  placed  within  a  coil  of  wire  through 
vfaich  the  current  is  made  to  pass;  and  in  the  evolution  of  heat  and 
iriit,  which  takes  place  when  the  circuit  is  completed  or  broken. 
nis  latter  effect,  however,  does  not  occur  from  currents  of  very  fee- 
ble inteosity. 

Let  us  inquire  how  far  the  phenomena  of  the  nervous  force  corre- 
ipond  with  those  of  this  current  electricity,  and  whether  it  will  respond 
to  any  of  the  tests  just  described. 

It  has  already  been  remarked  that  the  instantaneousness  with  which 
■ervoas  power  is  developed,  when  a  mental  or  physical  stimulus  is 
ipplied  to  a  nerve,  resembles  remarkably  the  rapid  evolution  of  the 
plvanic  force  throughout  the  whole  circuit,  the  instant  the  necessary 
contacts  are  completed.  And  both  cease  with  equal  rapidity  when 
ike  conditions  for  their  production  are  destroyed. 

Some  analogy  is  apparent  in  the  conditions  which  are  requisite 
for  the  development  of  both  forces.  The  dissimilar  metals  and  the 
interposed  fluid,  which  we  have  seen  to  be  necessary  for  the  produc- 
tion of  the  galvanic  force,  may  have  as  analogues  for  the  develop- 
ment of  the  polarity  of  nerves,  the  two  kinds  of  nervous  matter  (the 
vesicular  and  fibrous),  and  the  blood.  Nervous  power  is  never 
developed  from  a  centre  without  the  conjoint  action  of  these  two 
kinds  of  nervous  matter.  The  analogy  fails,  however,  when  we  com- 
pare the  relation  of  the  metals  in  the  battery  with  that  of  the  gray 
and  white  matter  in  the  nervous  centre.  The  former  need  not  have 
any  connection  but  such  as  a  conducting  wire  of  ever  so  minute  di- 
mensions passing  from  one  to  the  other  is  capable  of  efi*ecting ;  that 
is  to  say,  union  of  a  few  points  of  one  metal  with  as  many  of  the 
other,  is  sufficient  for  the  generation  and  transmission  of  the  polar 
itate*  In  the  nervous  centres,  however,  the  points  of  contact  are  pro- 
bably most  numerous.    The  vesicles  of  the  gray  matter  certainly  are 
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brought  roost  extensively  into  connection  with  the  neire-fibres;  tnd 
there  is  much  to  justify  and  confirm  the  opinion  that  each  fibre  is 
connected  with  a  vesicle,  and  that  each  vesicle,  at  least  of  the  caa* 
date  kind,  may  be  regarded  as  the  point  of  departure  of  one  or  mora 
fibres.  If  such  an  arrangement  exist,  we  may  regard  each  nerre- 
vesicles,  and  the  fibres  emerging  from  it,  with  the  blood-vessels  which 
play  around  it,  as  a  distinct  apparatus  for  the  development  of  nerrovi 
polarity. 

There  appears  to  be  a  provision  for  the  insulation  of  the  central 
axis  of  each  nerve-fibre  in  the  white  substance  of  Schwann ;  but  there 
is  no  such  arrangement  for  insulating  the  vesicles.  In  like  maoner, 
we  can  insulate  the  galvanic  current  by  covering  the  conducting  wire 
with  silk,  or  some  other  non-conductor,  and  thus  cause  it  to  pas 
through  an  indefinite  length  of  wire  disposed  in  coils,  or  through  any 
number  of  separate  wires  disposed  parallel  to  each  other,  which  may 
be  brought  into  connection  with  the  metals. 

These  remarks  are  clearly  most  applicable  to  those  nervous  actiona 
which  emanate yroTH  a  centre.  But  in  those  in  which  the  nerroos 
force  is  propagated  to  a  centre,  as  when  pain  is  excited  by  touchine 
a  nerve,  or  in  the  excitation  of  the  motor  nerve  of  an  amputated 
limb  by  artificial  stimuli,  the  analogy  of  the  mode  of  its  development 
with  that  of  the  galvanic  force  is  not  so  obvious.  Still,  when  we 
remember  how  easily  thermo-electric  currents  may  be  excited  by  the 
disturbance  of  the  equilibrium  of  heat  in  a  wire  of  even  a  single 
metal,  it  seems  not  unreasonable  to  refer  this  excitability  of  nerre 
to  some  similar  proneness  to  change  in  it. 

Nothing  is  more  certain  than  that  a  very  slight  mechanical  or  che- 
mical stimulus  to  a  nerve,  whatever  be  its  proper  vital  endowment, 
is  capable  of  producing  in  it  that  state  of  polarity  on  which  we  sup- 
pose the  manifestation  of  nervous  force  to  depend;  and  it  seems  not 
incorrect  to  imagine  that,  in  the  battery,  the  point  of  departure  of  the 
galvanic  action  may  either  be  at  the  poles  or  at  the  battenr  itself, 
according  to  the  place  at  which  the  completion  of  the  circuit  tak« 
place;  thus  afibrding  a  more  marked  analogy  to  the  two  kinds  of 
nervous  actions  above  referred  to.  Thus  the  conducting  wires  may 
be  in  contact  with  each  other,  and  with  their  respective  metals;  but, 
if  there  be  no  fluid  interposed,  there  is  no  action.  The  instant  the 
fluid  is  added,  the  current  begins;  and  in  this  case  its  point  of  depar- 
ture may  be  regarded  to  be  from  the  battery — in  analogy  with  those 
nervous  actions  which  proceed  from  the  centre.  On  the  other  hand, 
the  arrangements  of  the  battery  itself  may  be  perfect,  but  action  will 
not  begin  until  the  circuit  is  completed  by  bringing  the  conducting 
wires  into  contact.  In  this  case,  the  polar  change  may  be  said  to 
commence  at  this  point  of  contact,  and  to  travel  to  the  battery,  in  a 
manner  analogous  to  that  in  which  nervous  action  is  propagated  from 
the  periphery  to  the  centre.  In  both  cases,  moreover,  so  long  as  gal- 
vanic action  continues,  the  whole  apparatus  is  in  the  polar  state :  and 
so  long  as  nervous  action  continues,  the  particular  nervous  apparatus 
involved  (vesicular  matter  and  nerve-fibre)  must  be  considered  to  be 
in  a  state  of  polarity  through  its  whok  extent. 


NERVOUS  AND  ELECTRICAL  FORCES  COMPARED.  221 

Thas  fiir  we  remark  uiKjaestionable  analogy  in  the  mode  of  deve- 
lopment and  of  propagation  of  the  electrical  and  nervous  forces. 
We  must  not|  however,  omit  to  notice  the  following  points  in  which 
the  analogj  does  not  hold  good.     In  the  development  of  nervous 

Ewer,  there  is  nothing,  so  far  as  our  present  anatomical  know- 
Ige  enables  as  to  decide,  resembling  that  completion  of  the  circuit 
which  is  the  necessary  prelude  to  galvanic  action,  or  the  interruption 
of  it  which  is  followed  by  the  cessation  of  that  action.  The  mental 
or  physical  stimulus,  which  must  be  regarded  as  a  necessary  element 
IB  every  nervous  action,  stands  in  lieu  of  the  former ;  but  how  it 
coald  accomplish  the  completion  of  a  nervous  circuit  is  a  question  at 
present  involved  in  the  greatest  obscurity.  It  is,  indeed,  a  favorite 
notion  with  some,  that  the  looped  arrangement  of  the  peripheral 
nerve-fibres,  in  muscles  and  on  some  sentient  surfaces,  forms  part  of 
a  nervous  arc,  which  is  completed  at  the  centre  ;  nor  is  it  impossible 
to  conceive  a  mechanism  by  which  the  completion  or  interruption 
necessary  for  the  development  or  the  stoppage  of  the  nervous  power 
might  be  accomplished.  But  it  would  be  hazardous  to  speculate  on 
aach  a  subject  until  {inatomical  research  has  revealed  to  us  more 
information  respecting  the  exact  disposition  of  the  elements  of  the 
vesicular  matter. 

The  gelatinous  fibres  appear  to  want  the  provision  which  we  have 
noticed  in  those  of  the  tubular  kind  for  insulating  the  nervous  power. 
They  supply  the  unstriped  muscular  fibres,  which  probably  require  a 
stimulus  less  definite,  as  well  as  of  less  intensity,  than  that  necessary 
to  excite  and  regulate  the  action  of  the  striped  fibres.  This  diflerence 
of  character  in  the  conducting  fibres  is  worthy  of  note  in  making  com- 
pariaon  between  the  respective  modes  of  action  of  the  nervous  and 
electric  forces. 

We  come  now  to  inquire  whether,  by  means  of  the  ordinary  tests 
for  electricity  mentioned  in  a  former  page,  we  can  obtain  any  evidence 
of  the  identity  of  the  nervous  and  electrical  forces.  The  results  of 
experiment  certainly  aflbrd  no  support  to  the  advocates  of  the  elec- 
trical theory ;  and  indeed  it  will  be  seen  that  there  are  difficulties  in 
the  way  of  obtaining  the  necessary  conditions  for  a  satisfactory  re- 
sult, which  of  themselves  invalidate  the  experiments  which  have  been 
reported  to  prove  favourable  to  that  theory. 

Attempts  have  been  made  to  affect  the  galvanometer  by  bringing 
the  nerves  of  living  animals  into  connection  with  it.  This  is  done 
by  inserting  wires  into  the  exposed  nerve,  and  attaching  their  oppo- 
site extremities  to  the  galvanometer.  When  the  nervous  power  is 
excited  so  as  to  cause  muscular  contraction,  the  needle,  it  is  said,  is 
deflected.*  The  experiment,  however,  has  failed  in  the  hands  of 
Prevoft  and  Dumas,  who  are  advocates  of  the  electrical  theory,  as 
well  as  in  those  of  Person,  of  Muller,  and  of  Matteucci;  and  on  seve- 
ral trials  we  have  been  unable  to  observe  the  slightest  movement 
of  the  needle.  Person  connected  the  wires  of  a  galvanometer  with 
the  sur&ces  of  the  spinal  cord  in  kittens  and  rabbits,  in  which  spas- 

*  David,  quoted  bj  MCUler,  p.  685. 
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modic  action  of  the  muscles  had  been  excited  by  the  influence  ofnux 
vomica,  and  could  not  discover  any  evidence  of  electrical  action.  It 
has  been  also  affirmed  that  needles  introduced  into  the  nerves  of  a  Tir- 
ing animal  become  magnetic,  so  as  to  attract  iron  filings.  No  sudi 
result,  however,  could  be  obtained  by  Miiller,  or  by  Matteucci,  from 
their  repetition  of  these  experiments.  The  latter  philosopher  took  the 
precaution  of  employing  astatic  needles  for  the  purpose,  bat  coold 
discover  no  trace  of  magnetization.  He  also  introduced  the  prepared 
limbs  of  a  frog  into  the  interior  of  a  spiral  covered  on  its  inside  with 
varnish :  the  extremities  of  this  spiral  were  united  to  those  of  anothef 
smaller  spiral,  into  which  he  introduced  a  wire  of  soft  iron.  The 
nerves  of  the  frog  were  irritated  to  excite  muscular  action,  and  at  the 
same  time  Matteucci  sought  to  ascertain  if  an  induced  current  woaM 
traverse  the  spirals,  and  magnetize  the  wire.  But,  he  adds,  all  his 
endeavours  were  useless. 

No  one  has  tried  to  obtain  a  spark  from  a  nerve  during  its  action, 
as  a  test  of  the  electrical  nature  of  the  nervous  power.  Nor  haveaiij 
experiments  been  devised  with  a  view  to  ascertain  whether  decom- 
positions similar  to  those  which  occur  in  electrolysis  may  be  eflected 
by  it.  The  separation  of  certain  elements  from  the  blood,  in  the  vari- 
ous secretions,  has,  indeed,  been  attributed  to  a  kind  of  electrolytic 
influence  of  the  nerves  upon  the  secerning  organs.  But  it  has  been 
proved  that  the  secretions  may  go  on  to  a  considerable  extent  inde- 
pendently of  nervous  influence,  and  it  seems  highly  probable  that  the 
nervous  system  can  afTect  the  act  of  secretion  only  through  its  infla- 
ence  upon  the  blood-vessels  of  the  secreting  organ. 

But  even  were  it  certain  that  an  electrical  current  passes  along  the 
nerve-fibres  during  nervous  action,  it  does  not  seem  likely  that  the 
required  evidence  of  such  a  current  could  be  obtained  from  any  of 
the  experiments  above  detailed.  For  if  the  nerve-tubes  are  to  be  re- 
garded as  insulated  conductors,  of  which  the  central  axis  is  the  active 
portion,  and  the  white  substance  of  Schwann  merely  the  insulator, 
sinking  a  needle  between  these  fibres  will  not  obtain  that  contact 
with  the  true  conducting  material  which  is  necessary  to  afiect  the 
galvanometer.  Let  it  be  remembered  that  these  nerve-fibres  are  of 
microscopic  size  ;  and  that,  when  a  needle  is  sunk  into  a  bundle  of 
them,  it  does  not  pierce  the  nerve-tubes,  but  passes  in  between  them, 
and  is  separated  from  their  central  axes  by  the  insulating  structure. 
And  were  the  electric  current,  passing  through  such  minute  conduct- 
ors as  nerve-fibres,  of  sufficient  intensity  to  magnetize  a  needle,  it  is 
scarcely  possible  to  conceive  that  it  would  be  completely  or  perfectly 
insulated  by  the  delicate  membranes  which  invest  the  central  axis. 
Yet,  without  some  provision  for  very  complete  insulation  of  the  seve- 
ral conductors  in  such  a  bundle  as  a  nervous  trunk,  it  is  obvious 
that  disturbances  must  continually  arise  from  the  secondary  currents 
induced  in  neighboring  fibres  by  the  electricity  passing  through  those 
in  action. 

The  proofs,  therefore,  of  the  passage  of  an  electric  current  through 
the  norve-fibres  during  nervous  action  roust  be  held  to  be  altogether 
defective.     Not  only  is  experimental  evidence  wanting  to  support  the 
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electrical  theory,  but  certain  facts  are  admitted  which  greatly  inva- 
lidate  it.  Of  these,  a  very  important  one  has  been  adduced*in  the 
preceding  paragraph.  The  following  may  be  added,  some  of  which 
bave  already  been  adduced  by  Muller. 

1.  The  firm  application  of  a  ligature  to  a  nerve  stops  the  propaga- 
tion of  the  nervmu  power  below  the  points  of  application,  but  not  of 
dedricUy.  The  nervous  trunk  is  as  good  a  conductor  of  electricity 
after  the  application  of  the  ligature  as  before  it. 

2.  If  a  small  piece  of  a  nervous  trunk  be  cut  out,  and  be  replaced 
by  an  electric  conductor,  electricity  will  still  pass  along  the  nerve, 
bat  no  nervous  force,  excited  by  stimulus  above  the  section,  will  be 
propagated  through  the  conductor  to  the  parts  below. 

3.  Nervous  fibre  is  not  a  better  conductor  of  electricity  than  other 
tissues.  Matteucci  assigns  to  muscle  a  conducting  power  four  times 
greater  than  that  of  nerve  or  cerebral  matter ;  and  Weber  states  that 
DO  substance  in  the  human  body  is  so  good  a  conductor  as  the  metals. 
From  our  own  observations  on  this  subject,  made  with  the  most  deli- 
eaU  instruments,  we  are  led  to  state  that  both  nerve  and  muscle  are 
mfiniUly  worse  conductors  than  copper,  and  that  we  have  failed  in 
detecting  any  appreciable  difierence  in  the  conducting  power  of  these 
two  animal  substances.  In  fact,  their  power  of  conduction  does  not 
nnk  above  that  of  water  holding  in  solution  a  small  quantity  of  saline 
matter. 

From  the  preceding  review  of  the  arguments  for  and  against  the 
theory  of  the  identity  of  the  nervous  force  and  electricity,  we  are  led 
rather  to  reject  than  to  adopt  it.  The  same  reasons  induce  us  to  re- 
gard the  nervous  force  as  a  power  developed  in  the  nervous  structure 
onder  the  influence  of  appropriate  stimuli;  as  muscular  force  is  deve- 
loped in  muscle  under  similar  influence.  Both  tissues  are  charac- 
terized by  their  tendency  to  assume  a  polar  state,  diflerent  in  each, 
although  analogous,  in  obedience  to  certain  excitants.  That  this 
polarity  bears  a  remarkable  analogy  to  that  which  may  be  produced 
in  inorganic  matter  is  evident.  Further  observation  and  research 
condacted  with  a  full  knowledge  of  the  details  of  anatomy,  as  well 
as  of  the  laws  of  the  polar  forces,  as  displayed  in  inorganic  sub- 
stances, will  doubtless  throw  great  light  on  this  intricate  subject ; 
for,  as  Faraday  remarks,  if  there  be  reasons  for  supposing  that  mag- 
netism is  a  higher  relation  of  force  than  electricity,  so  it  may  well 
be  imagined  that  the  nervous  power  may  be  of  a  still  more  exalted 
character,  and  yet  within  the  reach  of  experiment.  {Phil,  Trans, ^ 
1839.) 

Of  the  electrical  fishes. — The  fact  that  some  fishes  possess  a  pecu- 
liar electrical  apparatus,  which  they  are  enabled  to  discharge  under 
▼oluntary  influence,  is  supposed  by  the  adherents  of  the  electrical 
theory  to  favour  their  views.  The  torpedo^  the  gymnotus  electricus^ 
or  electrical  eel,  and  the  silurus  electricusy  are  the  best  known  of  the 
electrical  fishes.  From  the  two  former,  the  most  unequivocal  evi- 
dence has  been  obtained  by  Walshe,  Davy,  Linari,  Matteucci,  and 

ently  by  Faraday,  that  electricity  is  discharged.     Conductors  or 
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non-conductors  are  afiected  by  the  electrical  apparatus  of  these  fishei 
just  as  by  ordinary  electricity:  a  chain  of  several  persons,  of  whom 
those  at  the  extremities  touch  the  fish,  feel  the  shock  as  they  wooU 
that  of  a  Leyden  jar.  The  sensation  produced  by  the  shock  from 
the  fish  is  exactly  that  which  is  caused  by  accumulated  electricity  u 
developed  by  the  ordinary  machine.  A  spark  has  been  obtained 
during  the  discharge :  chemical  decomposition  or  electrolysis  has  been 
efiected  by  it.  The  galvanometer  is  also  readily  disturbed,  and  indi- 
cates that  the  current  passes  from  the  anterior  to  the  posterior  part 
of  the  animal.  And  a  needle  has  been  made  a  magnet  when  placed 
in  a  helix  through  which  the  current  passes.  These  effects  have  been 
obtained  from  the  torpedo  and  the  gymnotus. 

It  is  further  shown  that  the  electricity  cannot  be  developed  in 
these  animals  if  the  organ  be  removed,  or  if  its  communication  with 
the  brain  be  cut  off.  If  the  nerves  of  the  organ  of  one  side  be  cat, 
it  will  cease  to  develop  electricity  ;  but  the  opposite  organ  will  con- 
tinue to  act  perfectly.  When  the  organ  is  partially  cut  away,  the 
remaining  portion  continues  to  discharge;  or,  if  some  of  its  nerves 
be  cut,  that  portion  of  which  the  nerves  are  entire  will  continue  to 
develop  electricity.  The  nerves  excite  some  change  in  the  organ 
which  causes  the  development  or  discharge  of  electricity,  but  no  traces 
of  an  electrical  current  can  be  detected  in  the  nerves  themselves.  If 
the  nerves  of  an  electrical  organ  be  cut,  irritation  of  those  segments 
of  them  which  adhere  to  the  organ  will  excite  discharges,  just  as  the 
irritation  of  muscular  nerves  under  similar  circumstances  will  cause 
contractions  ;  or  direct  irritation  of  portions  of  the  organ  itself  will 
produce  discharges  (Matteucci).  Any  general  excitation  of  the  nerv- 
ous system  will  cause  discharges;  thus  strychnine,  while  it  throws 
the  muscular  system  into  spasms,  provokes  frequent  and  violent  dis- 
charges of  the  electrical  organs. 

From  these  observations  it  seems  impossible  to  adopt  any  other 
conclusion  than  that  the  electrical  organ  is  the  generator  of  the  elec- 
tricity ;  or,  at  least,  that  it  may  collect  and  accumulate  the  electri- 
city generated  all  over  the  body  in  the  ordinary  nutritive  processes. 
This  latter  opinion,  however,  is  rendered  unlikely  from  the  imperfect 
conducting  power  of  animal  substances,  unless  further  research  should 
develop  some  channels  by  which  electricity  generated  at  a  distance 
might  be  conveyed  to  the  electrical  organ.  Whatever  view  of  the 
case  be  adopted,  it  is  difficult  to  discover  in  the  facts  above  stated 
respecting  the  electrical  fishes  any  support  to  the  electrical  theory  of 
nervous  power.  On  the  contrary,  the  very  existence  of  a  peculiar 
organ  for  the  specific  purpose  of  generating  electricity  would  appear 
adverse  to  such  a  doctrine.  Were  the  nervous  centres  the  source  of 
electricity,  surely  an  arrangement,  of  a  less  complex  character,  and 
deviating  to  a  less  extent  from  the  natural  structure  of  other  fishes 
of  the  same  genus,  would  have  sufficed  for  the  manifestation  of  the 
peculiar  power  of  the  electrical  fishes. 

Some  insects  (the  glow-worm  for  instance),  and  other  creatures, 
possess  the  faculty  of  generating  light.  The  power  resides  in  a  par- 
ticular organ,  and  is  regulated  by  the  nervous  system.     It  is  strik- 
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ingly  loalogOQS  to  that  by  which  electricity  is  deyeloped.  Yet  no 
ooe  would  assign  the  nervous  system  as  the  source  of  the  luminous 
emission.  Nor  are  we  justified  in  affirming  from  the  one  instance 
Chat  the  nervous  power  is  electricity,  any  more  than  we  should, 
from  the  other,  be  authorized  in  asserting  that  the  nervous  power  is 
light. 

Ob  the  snljects  discassed  in  this  chapter,  reference  is  made  toMCLller's  Physiology 
bj  Baly;  Dtnieirs  Chemistry;  the  articles  **  Animal  Electricity"  and  **  Animal  Ln- 
ninoasness,**  In  the  Cyclop.  Anat  et  Physiol^  Mattencci,  Trait^  des  Ph^nomdnes 
Eleeirophyaiologiqaea  des  Animanx. 


CHAPTER  X. 

ARRANGEMENT  OF  THE  NEBVOUS  SYSTEM  IN  VERTEBRATA. — IN  INVERTS- 
BRATA. NERVOUS  CENTRES  IN  MAN. — THEIR  COVERINGS  OR  MENIN- 
GES.— THEIR  VENOUS  SINUSES. — THE  SPINAL  CORD. — THE  ENCEPHA- 
LON. ^THE  CIRCULATION  WITHIN  THE  CRANIUM. 

The  leading  subdivision  of  the  animal  kingdom  into  Vertebrate  and 
Invertebrate  animals  is  so  obviously  sanctioned  by  the  disposition 
of  the  nervous  system  peculiar  to  each,  that  no  naturalist  hesitates 
to  adopt  it.  In  the  vertebrate  animals,  an  osseous  or  cartilaginous 
eolomn,  composed  of  separate  pieces  united  by  amphiarthrosis,  forms 
the  principal  support  and  bond  of  connection  for  the  other  parts  of 
die  trunk.  This  column  encloses  a  canal,  within  which  is  placed 
that  portion  of  the  nervous  centres  called  the  spinal  cord,  or  marrow, 
with  some  of  its  nerves.  At  its  anterior  or  upper  extremity,  the  com- 
ponent pieces  of  the  column  are  so  modified  as  to  form  a  dilated 
cavity,  the  cranium,  in  which  another  portion  of  the  central  nervous 
system,  the  brain,  or  encephalon,  with  part  of  the  nerves  connected 
with  it,  is  contained.  In  the  invertebrate  animals  generally  there  is 
DO  internal  skeleton,  if  we  except  the  slight  traces  which  exist  in  the 
cephalopodous  mollusks;  but  in  man^  of  them  a  modification  of  the 
external  integument  afibrds  the  requisite  amount  of  protection  and 
support  to  the  soft  tissues  and  organs.  The  nervous  system,  the 
central  part  of  which  is  disposed  either  in  detached  masses,  or  in  a 
series  along  the  abdominal  surface  of  the  animal,  receives  no  special 
protection  from  this  external  skeleton. 

The  brain  and  spinal  cord,  in  the  vertebrate  classes,  form  a  central 
axis  with  which  all  other  parts  of  the  nervous  system  are  connected. 
The  former  is  evidently  an  aggregate  of  gangliform  swellings, 
each  possessing  the  characters  of  a  nervous  centre,  but  so  con- 
nected with  the  others,  that  their  functions  are  in  no  small  degree 
mutually  dependent.  The  latter  has  throughout  its  entire  length  all 
the  characters  of  one  uniform  nervous  centre,  of  cylindrical  shape  ; 
but  experiment  has  shown  that,  if  divided  into  segments,  in  animals 
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tenacious  of  vitality,  each  portion  may  exert  an  independent  infla- 
ence  on  that  segment  of  the  body  whose  nerves  are  connected  with 
it.  From  this  fact  we  may  properly  regard  the  cord  also  in  the  Hg^ 
of  a  ganglion  compounded  of  smaller  ones,  which  have  been,  at  it 
were,  fused  together.  And  certain  anatomical  indications  in  tlie 
lower  animals,  as  well  as  in  man,  favour  this  view ;  thas,  in  the 
common  gurnard  (trigla  lyra)^  there  is  a  series  of  gangliform  swell- 
ings situate  on  the  posterior  surface  of  the  cervical  portion  of  tbe 
cord  at  its  upper  part,  from  which  large  nerves  pass  off  to  the  feelen; 
and  in  all  animals  the  cord  exhibits  a  distinct  enlargement,  at  each 
segment  with  which  large  nerves  are  connected,  or  a  contraction,  if 
the  nerves  be  of  small  size  and  of  comparatively  little  physiologictl 
importance. 

The  cerebro-spinal  axis,  with  the  nerves  pertaining  to  it,  consti- 
tutes the  greatest  portion  of  the  nervous  system  of  the  human  sub- 
ject and  of  the  vertebrate  animals.  The  sympathetic  system,  how- 
ever, is  connected  with  a  lar^e  number  of  those  parts  on  which  the 
principal  organic  functions  depend.  This  portion  of  the  nervous 
system  always  bears  a  direct  relation  in  point  of  development  to  that 
of  the  cerebro-spinal  portion,  with  every  part  of  which  it  is  very  in- 
timately associated.  If  we  except  the  olfactory,  optic,  and  auditoiy 
nerves,  there  is  no  nerve  with  the  origin  of  which  it  does  not  form  a 
connection.  Its  segments  remain  separate,  as  distinct  ganglia,  con- 
nected, however,  by  intercommunicating  cords  passing  from  one  to 
the  other,  by  which  the  continuity  of  the  chain  on  either  side  of  the 
vertebral  column  is  maintained.  In  mammals  and  birds  the  sympa- 
thetic is  fully  developed;  but  in  some  reptiles  and  fishes  it  is  partly 
deficient,  and  its  anterior  part  which  is  wanting,  is  supplied  by  tbe 
vagus  nerve.  In  the  cyclostomatous  fishes,  as  the  lamprey,  it  is  want- 
ing altogether,  and  the  vagus  seems  to  supply  its  place.  In  no  animal 
is  it  so  fully  developed  as  in  man. 


Arrangement  of  the  Nervous  System  in  Invert^rata, 

It  is  foreign  to  the  purpose  of  this  work  to  enter  into  details  of  comparative  aua- 
tomy.  The  following  paragraphs  are  merely  intended  to  call  tho  reader's  atten- 
tion to  the  general  plan  of  the  nervous  system  in  the  Invertebrata.  The  arrange- 
ment adopted  is  that  suggested  by  Professor  Owen. 

The  Invertebrate  animals  maybe  classed  in  three  ^ro^pS'  ac<iordin«[  to  the  pre* 
vailing  type  of  arrangement  of  the  nervous  system.  1.  The  tirst,  or  Nematoneurott, 
exhibits  no  other  trace  of  nervous  system  than  is  to  be  found  in  simple  threails 
or  filaments.  In  the  asteriaSj  one  thread  surrounds  the  mouth,  and  others  pass 
from  it  to  the  rays ;  and  in  the  stronsriflus  gigas^  a  slender  nervous  ring  sur- 
rounds the  upper  part  of  the  gullet,  and  Jrom  it  a  single  thread  is  continued  along 
the  ventral  surface  to  tho  opposite  extremity,  whore  another  nervous  loop  is  found 
surrounding  the  anus.  No  distinct  evidence  of  the  existence  of  ganglia  in  animals 
included  in  this  group  has  been  obtained.  It  would  be  premature,  however,  to 
suppose  that  the  absence  of  gangliform  swellings  implies  that  of  vesicularnerrous 
matter. 

2.  The  second  group  of  animals  is  designated  I{ctcrop:anf!:liate,  from  the  unsyin- 
metrical  disposition  of  the  nervous  system,  llio  principal  portion  of  it  consists 
in  a  ring  surrounding  the  gullet,  on  which  one  or  more  ganglia  are  placed.  In 
the  atcidia  mamillata  there  is  but  a  solitary  ganglion,  which  regulates  the  orifices 
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of  ingefldon  and  esestion  by  nerves  which  it  sends  to  their  respective  sphincter 
muscles.  And  in  ul  the  other  classes  of  mollusks  the  nervous  system  is  the  more 
complex,  as  the  kind  and  number  of  the  vital  actions  demand  a  higher  degree  of 
oiganizadon.  In  conchifera,  for  instance,  ingestion  of  the  food,  respiration,  and 
locomotion  have  distinct  organs  assigned  to  them,  and  accordingly  tlie  nervous 
system  is  so  disposed  that  there  is  a  nervous  centre  or  ganglion  m  immediate 
relation  to  the  principal  organs  connected  with  each  of  th6se  functions.  Thus,  in 
the  more  perfect  animals  of  this  class  we  find,  1,  two  asophageal  ganglia  situate 
near  the  mouth,  connected  to  each  other  by  nervous  filaments,  which  form  a  ring 
roond  the  gullet.  These  ganglia  are  connected  wiih  all  the  rest,  and  probably 
exercise  an  influence  upon  them,  as  the  principal  centre  of  the  nervous  system  or 
die  brain.  2.  There  is  a  branchial  ganglion,  which  presides  over  the  function  ctf 
rerpiratioQ^  When  there  is  but  one  respiratory  organ,  this  ganglion  is  single ;  but 
it  is  double  when  there  are  two  branchiae.  From  this  source  are  supolied  not  only 
the  organs  of  resniration  themselves,  but  also  the  muscles  upon  which  the  respira- 
tory movements  aepend.  llie  posterior  adductor  muscle,  the  mantle,  and  intes- 
tine, derive  nerves  from  it.  3.  We  find  avedal  ganglion,  which  is  immediately 
connected  with  the  locomotive  function.  Tnis  ganglion  exists  only  in  those  genera 
in  which  a  muscular  organ  called  the  foot  is  developed,  and  its  size  is  always  in 
direct  proportion  to  the  muscular  power  of  that  organ :  it  is  situated  at  its  base,  and 
imbedded  in  it.  We  find  it,  therefore,  in  the  mussel  (mytiius),  but  not  in  the  oyster. 
The  development  of  organs  of  sense  in  the  higher  animals  of  this  group  demands 
an  increased  development  of  the  cerebral  ganglion,  as  is  the  case  in  thegasteropod 
and  cephalopod  mollusks.  And  the  great  powers  of  locomotion  enjoyed  by  the 
Utter  animals  require  a  high  development  of  the  pedal  ganglion,  and  a  multiplica- 
tion of  smaller  ganglia  in  connection  with  the  muscular  apparatus  of  their  arms  or 
tentacles.  These  organs  are  supplied  with  nerves  from  the  suboraophageal  gan- 
S^on  'j  and,  where  suckers  exist  upon  the  arms,  an  additional  series  of  ganglia  is 
provided,  which  seem  to  exert  an  especial  influence  in  the  exercise  and  the  main- 
tenance of  their  suction  power. 

3.  The  third,  or  Homogangliate  group,  is  distinguished  by  the  symmetrical  ar- 
langement  of  the  nervous  system.   The  articulate  classes  furnish  examples  of  this 

r.  A  bilobed  ganglion  is  situated  above  the  CDsophagus,  and  is  connected  with 
organs  of  sense  when  they  are  present.  From  this  there  proceeds  on  each 
side  of  the  crsophagus  a  nervous  cord  to  a  pair  of  ganglia  beneath  that  canal, 
and  therefore  on  the  ventral  surface.  To  these  succeed,  in  most  of  the  articu- 
lata,  and  likewise  on  the  ventral  surfiu;e,  a  pair  of  ganglia  for  each  segment,  from 
which  are  supplied  the  nerves  to  that  segment.  The  ganglia  are  connected 
throughout,  however,  by  cords  of  communication  from  the  cephalic  to  the  caudal 
segment.  The  number  of  pairs  of  ganglia  is  always  in  accordance  with  the  num- 
ber of  segments  of  the  animal;  and,  if  some  of  these  segments  be  fused  together, 
a  similar  coalescence  of  the  ganglia  takes  place.  This  is  observed  in  insects  in 
the  change  from  the  larva  to  the  perfect  state;  and,  in  some  genera  of  cmstacea, 
ihe  permanent  form  of  the  nervous  system  has  obvious  relation  to  peculiarity  in 
the  shape  of  the  body.  The  annular  arrangement  of  the  ganglia  in  the  body  of 
the  common  crab  (cancer)  j  and  of  the  king-crab  (limulus)^  is  evidently  explained 
by  reference  to  the  compressed  form  of  the  body,  and  the  articulation  of  the  legs 
around  it. 

Some  additional  ganglia  are  met  with  in  a  few  animals  of  the  homogangliate 
group,  which  seem  to  represent  rudimentary  conditions  of  the  sympathetic  sys- 
tem. These  have  been  best  observed  in  insects,  and  they  are  described  under  the 
name  of  stomatc^astric  ganglia.  They  are  two  or  more  m  number,  connected  by 
delicate  filaments  with  the  cephalic  ganglia ;  and  they  give  off  long  nerves,  which 
supply  the  digestive  organs  and  the  dorsal  vessel,  or  heart,  and  which,  in  some 
instances,  unite  with  small  ganglia  in  the  abdomen  to  be  distributed  on  the  viscera 
of  that  cavity. 

Qf  the  Spinal  card  and  Brain, — The  cerebro-spinal  centre  is  en- 
closed ID  certain  membranes  or  meninges^  ^vhich  are  three  in  number ; 
the  dura  maters  the  arachnoid^  and  the  pia  mater. 

The  dura  mater  consists  of  white  fibrous  tissue.    It  is  thick,  very 
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strong  and  flexible,  v^ithout  being  elastic.  Its  fibres  are  disposed 
on  diflerent  planes,  but  freely  intermingle.  At  certain  situations  it 
separates  into  two  layers  to  form  the  venous  canals,  which  are  called 
sinuses.  The  inner  surface  of  the  cranial  cavity  is  covered  by  don 
mater,  which  adheres  closely  to  the  bones,  and  serves  as  an  internal 
periosteum  to  them  ;  and  certain  processes  of  the  dura  mater  pass  into 
the  interior  of  the  cranial  cavity,  dividing  it  into  compartments,  which 
contain  certain  segments  of  the  encephalon.  These  processes  are,  1. 
The  falx  cerebri,  which  extends  from  the  crista  galli  to  the  occiput 
along  the  line  of  the  sagittal  suture,  and  forms  a  vertical  septum  be- 
tween the  hemispheres  of  the  brain.  2.  The  tentorium  cerebeUi^  which 
is  attached  to  the  occipital  bone  along  the  groove  for  the  lateral  sidus, 
and  to  the  posterior  superior  edge  of  the  petrous  bone.  This  proceM 
forms  a  vaulted  roof  to  the  compartment  which  contains  the  cerebel- 
lum, and  extends  between  the  upper  surface  of  that  organ  and  tbe 
inferior  surface  of  the  posterior  cerebral  lobes.  In  some  animals,  the 
cat,  for  instance,  it  is  partially  replaced  by  bone.  3.  The  JiUx  txn^ 
belliy  a  small  nearly  vertical  process  which  descends  from  the  internal 
occipital  protuberance,  and  occupies  the  notch  between  the  hemi- 
spheres of  the  cerebellum. 

In  the  spinal  canal,  the  dura  mater  does  not  adhere  to  the  inner 
surface  of  the  spinal  bones  as  a  periosteum.  On  the  contraiy,  it  is 
separated  from  it  by  a  soft  unctuous  fat  mixed  with  very  numeroos 
veins.  It  adheres  pretty  closely  to  the  anterior  common  ligament 
which  intervenes  between  it  and  the  bodies  of  the  vertebrae,  and 
seems  to  be  continued  from  the  cranial  dura  mater  at  the  foramen 
magnum  as  a  funnel-shaped  process  of  that  membrane  adapted  to  the 
shape  of  the  spinal  canal.  It  ends  in  a  blunted  extremity  in  the 
sacral  canal,  and  is  tied  down  in  that  situation  by  certain  filiform 
processes,  of  which  the  central  one  is  attached  to  the  coccyx.  The 
spinal  dura  mater  is  evidently  much  more  capacious  than  is  necessary 
merely  to  contain  the  spinal  cord,  and  therefore  it  generally  has  a 
loose  and  flaccid  appearance.  During  life  it  is  kept  tense  by  the  fluid 
which  surrounds  the  cord.  The  dimensions  of  the  canal  of  the  dura 
mater  vary  with  those  of  the  spinal  canal.  It  is  wider,  therefore,  in 
the  neck  and  loins,  and  narrow  in  the  back.  In  the  lumbar  and 
sacral  region  it  forms  a  wide  sac  around  the  leash  of  nerves  called 
Cauda  equina. 

The  dura  mater,  in  both  cranium  and  spine,  exhibits  numerous 
perforations  for  the  transit  of  nerves  from  the  contained  centre  to  the 
peripheral  parts.  In  the  spinal  region  each  of  these  perforations  is 
subdivided,  by  a  vertical  slip  of  the  membrane,  into  two  foramina, 
which  correspond  to  the  anterior  and  posterior  roots  of  the  spinal 
nerves,  and  extend  on  each  side  down  to  the  lower  part  of  the  sacral 
region. 

The  blood-vessels  of  the  dura  mater  are  very  numerous.  Those 
of  the  cranial  membrane  communicate  freely  with  those  of  the  bones. 
Hence,  when  separated  from  the  craYiium,  the  external  surface  of  the 
dura  mater  has  a  rough  appearance  from  the  number  of  blood-ves- 
sels which  have  been  torn.     This  membrane  derives  its  supply  of 
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sterior  blood  from  the  ophthalmic  and  ethmoidal  arteries  in  front; 
I  the  middle,  from  the  internal  maxillary  artery  by  the  middk 
mdngealy  which  enters  the  cranium  by  the  foramen  spinosum, 
Bd  by  small  branches  from  the  internal  carotid,  called  the  inferior 
mm^geal  arteries.  Posteriorly  the  vertebral,  the  occipital,  and  the 
icending  pharyngeal  supply  branches  which  go  by  the  name  of  poS' 
Tior  memngeal  arteries.  The  arteries  of  the  spinal  dura  mater 
ome  from  the  deep  cervical,  the  occipital,  and  the  vertebral,  in  the 
errical  region,  from  the  intercostals  m  the  back,  and  from  the  lum- 
ar  arteries  in  the  loins.  These  vessels  pass  in  at  the  vertebral  fora- 
lina,  and  send  branches  to  the  bones  as  well  as  to  the  spinal  mem- 


The  veins  of  the  dura  mater  in  the  cranium  constitute  a  remark- 
ble  portion  of  the  vascular  system  of  that  cavity.  The  venous 
idicles  collect  the  blood  from  the  dura  mater,  and  from  the  bones  of 
be  skull ;  large  veins  are  formed  on  the  former  membrane,  and  dis- 
inct  canals  in  the  osseous  diploe,  figured  at  pages  1 10  and  111.  These 
Utend  to  certain  venous  channels,  rigid  canals,  formed  by  the  sepa- 
ation  of  two  layers  of  the  dura  mater,  which  are  lined  by  processes 
f  the  inner  membrane  of  the  venous  system,  and  are  so  placed  as  to 
tXitci  the  blood  from  all  parts  of  the  cranium.  These  canals,  sinuses 
f  the  dura  mater^  receive  likewise  the  venous  blood  of  the  brain. 
ibe  largest  sinuses  are  the  superior  longitudinal  and  the  lateral 
imues.  The  former  extends  along  the  convex  edge  of  the  falx  cere- 
iri,  commencing  very  small  by  receiving  veins  from  the  ethmoid  and 
iroDtal  bones,  and  terminates  m  a  reservoir  common  to  it  and  other 
inii9es  at  the  internal  occipital  protuberance  {torcular  HerophUi).  It 
bus  serves  to  collect  blood  from  the  superior  and  lateral  parts  of 
he  dura  mater,  from  the  vault  of  the  cranium,  and  from  the  hemi- 
pheres  of  the  brain ;  the  veins  of  the  latter  entering  it  obliquely  for- 
vards.  The  lateral  sinuses  are  lodged  in  tortuous  furrows,  which 
nark  the  occipital,  the  parietal,  and  the  temporal  bones.  They  are 
wo  in  number,  and  extend  on  each  side  from  the  torcular  Herophili  to 
he  jugular  foramen,  where  they  are  continued  into  the  internal  jugular 
reins.  These  sinuses  serve  not  only  to  carry  into  the  jugular  veins 
Jl  the  blood  which  is  poured  into  the  torcular,  but  likewise  to  receive 
)lood  from  the  lateral  and  posterior  parts  of  the  dura  mater  and  era- 
liam,  from  the  inferior  surface  of  the  posterior  lobes  of  the  brain,  and 
rom  the  cerebellum.  A  short  sinus,  also  of  considerable  width,  is 
edged  in  the  tentorium  cerebelli.  This  is  the  straight  sinus;  it  passes 
Tom  before  backwards,  occupying  about  the  middle  of  the  vault  of 
he  tentorium,  and  opening  behind  into  the  torcular.  It  receives  blood 
lom  the  interior  of  the  brain  by  two  large  veins,  the  vente  magna 
GdenL  The  cavernous  sinuses^  two  in  number,  lie  one  on  each  side 
>f  the  sella  Turcica,  from  which  the  internal  carotid  arteries  separate 
hem.  Their  irregular  shape  is  rather  that  of  reservoirs  than  of 
snals.  They  receive  the  ophthalmic  veins  from  the  orbit,  as  well  as 
lamerous  small  veins  from  the  cranial  bones,  the  dura  mater,  and  the 
interior  and  middle  lobes  of  the  brain. 
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Other  small  sinuses  are  met  with  which  serve  chiefly  to  establish 
a  communication  between  those  above  mentioned,  while  at  the  same 
time  they  receive  some  blood  from  the  neighbouring  textures.  The 
petrosal  sinuses,  two  on  each  side,  superior  and  inferior,  pass  between 
the  cavernous  and  lateral  sinuses:  the  transverse  sinus  runs  between 
the  petrosal  and  cavernous  sinuses  of  opposite  sides ;  and  the  circM- 
lar  or  coronary  sinus,  while  it  receives  blood  from  the  pituitary  body 
and  from  the  sphenoid  bone,  connects  together  the  cavernous  sinuiei 
in  front,  and  thus  completes  the  venous  circle  around  the  sella  Tur- 
cica. 

We  see,  in  this  arrangement  of  venous  canals,  a  beautiful  provisioa 
against  the  effects  of  undue  venous  congestion  within  the  craniam, 
insured  not  merely  by  the  inextensible  nature  of  the  principal  venous 
canals,  but  also  by  the  free  anastomosis  that  exists  between  them,  and 
by  the  numerous  points  at  which  they  communicate  with  the  veins 
of  the  cranium,  and  through  these  with  the  superficial  veins  of  the 
scalp. 

The  spinal  veins  are  extremely  numerous  and  complicated.  A  rerr 
intricate  venous  plexus  surrounds  the  dura  mater  on  its  lateral  and 
posterior  surfaces,  imbedded  amon^  the  lobules  of  soft  fat  by  which 
the  exterior  of  that  membrane  is  invested.  This  plexus,  less  intri- 
cate in  the  dorsal  than  in  the  cervical  and  lumbar  regions,  comma- 
nicates  very  freely  with  a  plexus  of  veins  which  surrounds  the  ex- 
terior of  the  vertebral  laminae  and  processes  (the  dorsuspinal  oeut 
of  Dupuytren).  In  front  of  the  dura  mater,  and  situate  between  the 
outer  edge  of  the  posterior  common  vertebral  ligament  and  the  pedi- 
cles of  the  vertebrae,  we  find  two  remarkable  venous  sinuses  which 
extend  the  whole  length  of  the  vertebral  column  from  the  occipital 
foramen  to  the  sacrum.  They  are  the  longitudinal  spinal  sinusa  ai 
Willis.  In  calibre  they  present  many  inequalities,  being  dilated  at 
one  part  and  constricted  at  another,  according  to  the  number  and  siie 
of  the  vessels  which  communicate  immediately  with  them.  The 
sinuses  of  opposite  sides  are  parallel  to  each  other,  and  communicate 
by  transverse  branches,  which  pass  beneath  the  posterior  common 
ligament.  These  transverse  branches  are  of  variable  calibre,  like 
the  sinuses  themselves,  and  are  dilated  at  their  middle  ;  at  which 
point  they  receive  veins  which  emerge  from  the  spongy  texture  of 
the  bodies  of  the  vertebne  {basi-vertebral  veins  of  Breschet).*  At 
the  highest  part  of  the  vertebral  canal,  the  spinal  sinuses  communi- 
cate with  the  internal  jugular  veins;  in  the  neck,  they  communicate 
with  the  deep  and  superficial  vertebral  veins ;  with  the  intercostal 
veins  in  the  dorsal  region,  and  with  the  lumbar  ones  in  the  loins. 

The  arachnoid  is  the  serous  membrane  of  the  cranio-spinal  cavity. 
By  its  parietal  layer  it  adheres  to  the  dura  mater,  both  of  the  cra- 
nium and  spine,  and  by  its  visceral  layer  to  the  brain  and  spinal 
cord,  with  the  intervention  of  the  pia  mater.  The  space  between 
these  two  layers  is  the  arachnoid  cavity.  In  most  regions  an  inter- 
val exists  between  the  visceral  layer  of  the  arachnoid  and  the  pia 

*  See  his  very  beautiful  illustrations  of  the  venous  system. 
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^r,  vrhich  is  called  the  sub-arachnoid  cavity.  This  space  may  h% 
ODStrated  by  driving  air  or  coloured  liquid  beneath  the  visceral 
r  of  the  arachnoid.  In  the  spine  the  connection  of  the  arachnoid 
pia  mater  is  very  loose,  being  effected  by  some  long  filaments 
ibrous  tissue,  ^rhich  interlace  slightly,  and  are  most  abundant  in 
servical  region.  Along  the  posterior  surface  of  the  spinal  cord, 
le  middle  line,  the  sub-arachnoid  space  b  divided  by  means  of  a 
am,  which  is  probably  only  a  modified  portion  of  the  tissue  of  the 
mater.  This  septum  is  most  perfect  in  the  dorsal  region,  but  in 
iombar  and  cervical  regions  it  is  cribriform,  and  in  some  parts  is 
'  difficult  of  demonstration.  Dr.  Sharpey  regards  it  as  the  reflec- 
ilong  the  median  line  of  a  serous  membrane,  which  he  supposes 
He  the  sub-arachnoid  cavity.  Did  such  a  membrane  exist,  we 
lid  find  an  epithelium,  which,  however,  we  have  sought  for  in 
• 

he  connection  of  the  arachnoid  to  the  subjacent  pia  mater  is  not 
KMe  in  the  head  as  in  the  spine.  On  the  superior  and  lateral  sur- 
I  of  the  brain,  where  the  convolutions  are  most  prominent,  the 
Mon  is  very  close,  but  opposite  the  sulci  between  the  convolu- 
I  the  pia  mater  recedes  from  the  arachnoid  and  sinks  to  the  bot- 
of  each  fissure,  leaving  large  areolae  in  which  fluid  may  accumu- 
Along  the  fissure  of  Sylvius,  at  the  base  of  the  brain  between 
Mrebellum  and  the  posterior  surface  of  the  medulla  oblongata, 
between  the  posterior  edge  of  the  corpus  callosum  and  the  supe- 
aarface  of  the  cerebellum,  the  arachnoid  and  pia  mater  are  very 
elj  connected,  so  that  at  these  situations  spaces  are  found  which 
hrourable  for  the  accumulation  of  fluid. 

%e  eerebrihspinal  fluid. — This  fluid,  which  fills  the  sub-arachnoid 
le  during  life,  keeps  the  opposed  surfaces  of  the  arachnoid  mem- 
le  in  intimate  contact.  Its  quantity,  which  varies  between  two 
fen  ounces,  is  in  the  inverse  ratio  of  the  bulk  of  the  brain  and 
al  cord.  Thus  it  is  most  abundant  in  old  persons  in  whom  these 
OS  have  shrunk,  and  it  accumulates  in  cases  of  deficiency  of  any 
ion  of  them  from  malformation  or  disease.  Its  presence  seems 
ftsary  to  the  healthy  action  of  the  nervous  centres,  for  the  removal 
t  in  dogs  by  Majendie  caused  considerable  disturbance  of  their 
tions,  probably  by  favouring  distension  of  the  blood-vessels.  It 
lowever,  capable  of  being  regenerated  as  quickly  as  the  aqueous 
our  of  the  eye,  and  its  reproduction  restores  the  nervous  centres 
leir  natural  state.  When  removed  from  the  body  a  few  moments 
'  death,  this  fluid  is,  according  to  Majendie,  remarkably  limpid  ; 
IS  a  sickly  odour  and  a  saltish  taste,  and  is  alkaline,  restoring  the 
ar  of  reddened  litmus. 

he  cerebro-spinal  fluid  is  most  probably  secreted  by  the  pia 
!r,  since  it  is  found  wherever  that  membrane  and  sufficient  space 
L  The  ventricles  of  the  brain  contain  a  secretion  of  very  similar, 
It  identical  characters,  which  Majendie  describes  as  communicat- 
with  that  of  the  sub*arachnoid  space  through  an  orifice  at  the 
rior  extremity  of  the  fourth  ventricle.  This,  however,  is  extremely 
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doubtful,  as  the  fluid  of  the  ventricles  is  enclosed  by  a  proper  mem- 
brane which  lines  their  cavity. 

The  cerebro-spinal  fluid  obviously  afibrds  mechanical  protection  to 
the  nervous  centres  which  it  surrounds.  The  interposition  of  a  floid 
medium  between  them  and  the  walls  of  the  cavities  is  well  adapted 
to  guard  the  former  against  shocks  communicated  from  without.  Iti 
accumulation  at  the  base  of  the  brain  is  highly  favourable  for  the  pro- 
tection of  the  large  vessels  and  nerves  situate  there. 

The  pia  mater  is  the  immediate  investing  membrane  of  the  bnhi 
and  spinal  cord.  It  is  composed  of  white  fibrous  tissue  and  blood- 
vessels. The  former  is  most  abundant  in  the  pia  mater  of  the  cord, 
the  latter  are  most  numerous  in  that  of  the  brain.  The  principil 
distinction,  therefore,  between  the  spinal  and  cerebral  pia  mater  isu 
regards  strength  and  thickness ;  the  spinal  being  dense  and  strong, 
the  cerebral  being  very  delicate,  almost  wholly  composed  of  minute 
blood-vessels,  which  are  accompanied  by  white  fibrous  tissue  in  snill 
quantity.  The  spinal  membrane  forms  a  complete  sheath  to  the  cord, 
and  sends  in  processes  which  dip  into  its  anterior  and  posterior  me- 
dian fissures.  It  is  continuous  with  the  neurilemma  of  the  roots  of  tbe 
nerves  on  each  side.  At  the  inferior  extremity  of  the  cord  it  tapers  and 
terminates  in  a  thread-like  process  {filum  terminak)  which  is  inserted 
into  the  inferior  extremity  of  the  dura  mater.  Superiorly  it  graduiDj 
diminishes  in  density  as  it  passes  over  the  medulla  oblongata  to  the 
cerebral  and  cerebellar  hemispheres.  To  the  surface  of  these  it  id- 
heres  closely,  and  innumerable  minute  blood-vessels  pass  from  it  into 
the  nervous  substance.  It  sinks  into  all  the  sulci  and  fissures,  tod 
passes  iAto  the  lateral,  the  third  and  fourth  ventricles.  In  the  latenl 
and  fourth  ventricles  it  forms  projecting  processes  or  folds,  somewhit 
fringed,  highly  vascular,  and  invested  by  epithelium  derived  from  the 
membrane  which  lines  the  ventricles.  These  processes  are  called 
the  choroid  plexuses.  Into  the  third  ventricle  it  sends  a  lamellar  fold 
of  triangular  shape  {velum  interpositum)^  which  forms  a  roof  to  thit 
cavity  and  supports  the  fornix. 

Attention  has  lately  been  directed  to  some  minute  sandy  particles, 
globular  in  shape,  which  are  frequently  connected  with  the  minute  vas- 
cular ramifications  of  the  internal  pia  mater.  They  are  found  chiefly 
in  the  choroid  plexuses,  and  in  that  portion  of  the  velum  which  invests 
the  pineal  gland.  This  sabulous  matter  is  composed  of  phosphate  of 
lime,  with  a  small  proportion  of  phosphate  of  magnesia,  a  trace  of 
carbonate  of  lime,  and  a  little  animal  matter.  [Van  Ghert  depelxubus 
choroideis, ) 

Of  the  ligamentum  dentatum. — This  remarkable  structure,  found  in 
the  sub-arachnoid  space,  requires  a  brief  notice.  It  seems  to  be  a 
process  of  the  pia  mater,  which  exhibits  more  of  the  glistening  ap- 
pearance of  white  fibrous  tissue  than  the  rest  of  that  membrane.  It 
extends  from  the  occipital  foramen  to  the  filiform  termination  of  the 
pia  mater,  adhering  by  its  inner  straight  border  to  that  membrane,  and 
attached  on  the  other  hand  to  the  dura  mater  by  a  series  of  dentated 
processes  which  penetrate  the  visceral  and  parietal  layers  of  arachnoid, 
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pinning  them,  as  it  were,  down  to  the  fibrous  membrane.  They  form 
m  Tertical  septum  between  the  anterior  and  posterior  roots  of  the 
spinal  nerves.  The  dentated  processes  vary  in  number  from  eighteen 
to  twenty-two.  The  first  is  attached  to  the  dura  mater  which  covers 
the  occipital  foramen  just  behind  the  vertebral  artery;  the  rest  are 
inserted  between  the  orifices  for  the  exit  of  the  spinal  nerves,  and 
the  last  is  on  a  level  with  the  first  or  second  lumbar  vertebra.  A 
considerable  quantity  of  yellow  fibrous  tissue  exists  in  this  structure, 
especially  in  its  dentated  processes. 

The  Pacchionian  glands  or  bodies  are  whitish  granules,  composed 
of  an  albuminous  material,  which  are  found  among  the  vessels  of  the 
pia  mater,  on  the  edges  of  the  cerebral  hemispheres,  which  push  the 
arachnoid  before  them,  and  even  project  into  the  longitudinal  sinus. 
They  do  not  occur  in  the  earliest  periods  of  life,  and  are  frequently 
absent  even  at  the  more  advanced  ages,  but  they  are  so  often  met 
with  in  the  brains  of  adult  and  old  persons  that  many  anatomists 
regard  them  as  normal  structures. 

Of  the  Spinal  Cord. — The  spinal  cord  is  somewhat  cylindrical  in 
shape,  slightly  flattened  on  the  anterior  and  posterior  surfaces.     Its 
anatomical  limits  are,  the  occipital  plane  above,  and  a  point  ranging 
in  different  subjects  between  the  last  dorsal  and  second  lumbar  ver- 
tebra below.     It  tapers  to  its  inferior  extremity,  which  lies  concealed 
among  the  leash  of  nerves  which  comes  off  from  its  lumbar  region, 
the  Cauda  equina.     Superiorly  the  spinal  cord  is  separated  from  the 
medulla  oblongata  by  the  decussating  fibres  of  the  anterior  pyramids. 
In  the  cervical  and  lumbar  regions  the  cord  exhibits  distinct  swell- 
ings, of  which  the  cervical  is  the  larger.     The  cervical  swelling  ex- 
tends from  the  third  cervical  to  the  third  dorsal  vertebra,  the  lumbar 
one  commencing  about  the  ninth  or  tenth  dorsal  vertebra,  and  not 
extending  beyond  the  space  corresponding  to  two  vertebrae.     These 
enlargements  correspond  to  the  situations  at  which  the  large  nerves 
to  the  extremities  emerge,  in  conformity  with  a  law  that  the  phy- 
acal  development  of  any  portion  of  the  cord  is  in  the  direct  ratio 
of  the  sensitive  and  motor  power  of  the  parts  which  it  supplies  with 
nerves. 

The  spinal  cord  is  divided  along  the  median  plane  by  an  anterior 
ind  posterior  fissure  into  two  equal  and  symmetrical  portions,  of  which 
one  mav  be  called  the  righty  the  other  the  left  spinal  cord.     A  trans- 
rerse  bilaminate  partition,  extending  throughout  the  entire  length  of 
the  cord,  separates  these  fissures,  and  serves  to  unite  its  lateral  por- 
tions.    Thb  partition  is  composed  of  a  vesicular  or  gray  and  a  white 
or  fibrous  lamina  or  commissure^  the  gray  being  situate  posteriorly. 
When  examined  in  a  transverse  section,  the  anterior  fissure  appears 
evidently  wider  but  of  less  depth  than  the  posterior ;  it  is  penetrated 
by  a  distinct  fold  of  pia  mater ;  its  floor  is  formed  by  the  white  com- 
missure, which  has  a  cribriform  appearance,  from  being  perforated  by 
numerous  blood-vessels.    The  posterior  fissure  is  much  more  delicate 
than  the  anterior,  and  about  the  middle  of  the  cord  its  existence  may 
be  doubted;  its  depth,  in  the  upper  part  of  its  course,  is  equal  to  fully 
16 
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one  half  of  the  thickness  of  the  cord.  A  single,  very  delicate  layer 
of  pia  mater  enters  it  and  penetrates  to  its  floor,  which  is  formed  bj 
the  gray  commissure. 

On  further  examination  of  a  transverse  section  of  the  cord,  we  ob- 
serve that  the  interior  of  each  half  of  it  is  occupied  by  vesicular  nut- 
ter, disposed  somewhat  in  a  crescentic  form.  The  concavitj  of  tUs 
crescent  is  directed  outwards:  its  anterior  extremity,  or  Aom,  is  thiek^ 
but  its  margin  has  a  dentated  or  stellate  appearance,  which  is  t«t 
distinct  in  some  situations.  The  gray  matter  is  prolonged  backwanfa 
in  the  form  of  a  narrow  horn,  which  reaches  quite  the  surface  of  the 
cord,  near  which  it  experiences  a  slight  enlargement.  This  enlarp- 
ment  appears  to  consist  of  a  gray  matter,  paler  and  softer  than  that  of 
the  remainder  of  the  crescent,  which  has  been  distinguished  by  Ro- 
lando as  substantia  cinerea  gelatinosa^  surrounded  by  a  layer  of  red- 
dish-brown substance  (see  fig.  66,  d.,  where  the  central  part  of  the 
posterior  horn  is  pale).  An  exact  symmetry  exists  between  the  gnj 
crescents  of  opposite  sides,  so  that  the  description  of  one  is  applicable 
to  the  other. 

The  prolongation  of  the  posterior  horn  of  each  gray  crescent  to  Ae 
surface  divides  each  half  of  the  cord  into  two  portions.  All  that  ii 
anterior  to  the  posterior  horn  is  called  the  antero-laieral  column:  aad 
this  comprehends  the  white  matter  forming  the  sides  and  front  of  tbft 
half  of  the  cord,  limited  in  front  by  the  anterior  fissure,  and  posteii- 
orly  by  the  posterior  horn.  The  posterior  column  is  situated  bdund 
the  posterior  horn  of  gray  matter,  and  is  separated  from  its  fellow  of 
the  opposite  side  by  the  posterior  fissure.  The  antero-lateral  coloomi 
are  united  across  the  middle  line  by  the  anterior  or  white  commissure; 
the  gray  crescents,  by  the  posterior  or  gray  commissure ;  while  the 
posterior  columns  are  not  connected,  except  where  the  posterior  fis* 
sure  is  imperfect  or  deficient.  . 

In  the  different  regions  of  the  cord  great  variety  exists  as  regards   ] 
the  quantity  of  gray  and  white  matter,  and  the  disposition  of  the 
lateral  portions  of  the  former.     There  seems  to  be  a  much  greater 
proportion  of  gray  matter  to  white  in  the  lumbar,  than  in  the  cerrical 
or  dorsal  region  of  the  cord.     In  the  cervical  region  the  crescentic 
portions  are  small,  and  the  white  matter  is  abundant.     That  portioa 
of  the  white  substance  which  is  placed  between  the  posterior  gray 
horns,  is  augmented  by  the  existence  of  two  small  columns  (posterior 
pyramids)^  which  extend  from  the  medulla  oblongata  into  this  region. 
In  the  dorsal  region  the  gray  matter  is  at  its  minimum  of  development, 
and  the  white  matter  is  likewise  small  in  quantity.     The  diminution 
in  the  quantity  of  the  latter  appears  more  striking  as  afiects  the  antero- 
lateral, than  the  posterior  columns.     In  the  lumbar  region  both  the 
horns  of  the  gray  matter  are  manifestly  thicker,  and  the  stellate  cha- 
racter of  the  anterior  horn  is  well  marked.     Towards  the  inferior  ex- 
tremity of  the  cord  the  white  matter  appears  gradually  to  cease,  leaving 
the  gray  to  form  the  principal  constituent,  until  in  the  commencement 
of  the  filiform  process  it  is  found  alone  (fig.  66). 

The  roots  of  the  spinal  nerves  emerge  from  the  cord  on  each  side 
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ro  lines  which  are  separated  by  the  ligament  urn  dentatum. 
tenor  line  corresponds  to  the  margin  of  the  posterior  horn  of 
tter,  the  anterior  one  is  placed  about  mid- 
ween  it  and  the  anterior  fissure.  When 
I  of  the  nerves  have  been  carefully  re- 
their  points  of  emergence  are  indicated 
series  of  foramina  in  linear  sequence  on 
e,  but  there  is  no  appearance  of  fissures 
situations.  The  roots  of  the  nerves  pe- 
he  substance  of  the  cord,  and  are  chiefly, 
idrely,  connected  with  the  antero-lateral 
■ 

brous  matter  of  the  cord  consists  of  some 
hich  pass  in  a  longitudinal  direction, 
"e  chiefly  superficial  or  contained  in  the 
*  columns,  and  of  others  which  are  oblique 
^erse,  and  are  found  in  the  antero-lateral 
,  or  in  the  white  commissure,  which  is 
Bomposed  of  such  fibres.  Among  the 
I  of  the  gray  matter  fibres  are  found  in 
.mbers,  the  direction  of  which  is  pro- 
r  the  most  part  oblique  or  transverse,  as 
able  portions  of  them  may  be  seen  so 
when  a  piece  of  gray  matter,  cut 
lely,  is  examined  under  the  microscope. 
T  matter  of  the  cord  is  disposed  in  two 
mal  columns,  the  shape  of  which  in  the 
"egions  of  the  cord  is  represented  in  the 
iDSverse  sections  (fig.  66).  These  co- 
ctend  from  the  lower  part  of  the  medulla 
a,  with  the  gray  matter  of  which  they 
inuous.  The  aspect  of  their  surfaces  is 
I  and  inwards.  That  which  looks  in- 
I  convex,  and  is  united  to  the  corre- 
l  surface  of  the  opposite  side  by  the  gray 
ore,  which  is  a  vertical  plane,  with  sur- 
>king  directly  forwards  and  backwards, 
ferior  extremity  of  the  cord  these  columns 
f  taper  to  a  point,  and  coalesce  as  the 
itter  diminishes. 

lie  and  spherical  vesicles,  imbedded  in 
111  granular  matrix,  exist  in  the  gray 
r  the  cord  at  all  situations,  in  the  horns 
in  the  commissure.  The  caudate 
most  numerous  and  distinct  in  the  anterior  horn,  and  at 
of  the  posterior  one.  The  rest  of  the  posterior  horn  and 
iooQS  substance  resemble  very  closely  in  structure  the  gray 
r  the  convolutions  of  the  brain.  When  very  thin  transverse 
are  examined  with  low  powers,  a  good  general  view  of  the 
disposition  of  the  gray  and  white  columns  is  obtained,  but 


a 

Transverse  tectiona  of 
the  spinal  cord:— ▲.  Im- 
mediately below  the  de- 
cussation ofthe  pyramids. 
B.  At  middle  of  cervical 
balb.  c.  Midway  be- 
tween cervical  and  lum- 
bar bulbs.  D.  Lumbar 
bulb.  X.  An  inch  lower. 
F.  Very  near  the  lowpr 
end.  a.  Anterior  surface. 
p.  Posterior  surface.  The 
points  of  emergence  of 
the  anterior  and  posterior 
roots  of  the  nerves  are  al- 
so seen. 


336  INNERTATION. 

we  gaia  no  satisfactory  inrormation  as  re^ids  the  relation  of  the 

elemenls  of  these  columns  (fig.  67).     Stilling  and  Wallach's  plila 

accord  generally  with  the  r^ 

Fig.  ST.  suits   of  our  own   examiu- 

n  tions,  but  we  cannot  idut 

the  accuracy  of  their  interpie* 

tation  of  some  of  the  appen- 

ances  which  they  have  wit 

nessed  and  delineated. 

In  such  a  section  as  tU 
just  described,  the  distil 
lion  of  gray  and  white  mit 
ter  is  very  obTioos.  Fm 
the  surface  of  each  horn  it 
the  former  several  lints,  d 
the  same  colour  and  gtitetil 
appearance  as  the  ceBbil 
mass,   pass,   io   a    ladiitiaf 

TnuDvsrM  »eiion  of  hnmui  apiiiBl  cord,  cloae  id      manner,   tOWards   thc  SUlte 

the  ihird  and  Ibunh  cicvicnl  uervet;  macniGed  wu      _r  ,■„ i    __j    ,_    ,._  ^__ 

diiitDi-trr>,(r[om  SiiUmi:)-/ Po'iFTJorc^aTniani.    {i.      Ot    ttie    COItl    and    tO    the  li^ 

SSi'™'7X°i^°«^»n«^"''™'''"^A*'"^i«    ^^'^^  °^  *''*  fiMorea  (fi^.  CT). 

tuun.    (.  PMWnor  B^iure.    *.  Qny  cnitniiHani.  in      TbeSC      lines,      eCCOrdlDE    * 
which  ncmmJ  11  coniiimed,  «hieb.«eeoroiB|tio  iheto      n  -ii-  i      ■»..    ••      i         _ 

wrlUra,  eiuiidt  thioii)^  ihe  kngih  of  the  con).    ^.      btllling      and      Waliacb,    IR 

J^""ABtaro^K^r«?'Miu^"iromTwa)!'''''''"'  Continuous  With  the  rooti  if 
the  nerves,  and  are  nrm- 
tubes  proceeding  from  the  gray  matter  to  form  these  roots.  Tbcit 
existence,  however,  in  sections  made  in  situations  intermediate  totbe 
points  of  emergence  of  the  nerves,  shows  that  this  explanation  can- 
not be  the  true  one.  Moreover,  they  radiate  over  a  surface  maeh 
more  extensive  than  that  from  which  the  roots  take  their  rise,  iid 
several  pass  to  that  part  of  the  surface  of  the  cord  which  bonnditlK 
fissures,  and  from  which  it  is  impossible  that  they  could  reach  the  p«M 
of  emergence  of  either  root  to  contribute  to  its  formation.  It  is  net 
improbable,  however,  that  they  may  be  processes  of  the  gray  mittcr  \ 
prolonged  toward  the  surface,  to  which  blood-vessels  may  passfno  \ 
the  pia  mater."  ) 

We  observe  in  the  gray  matter  numerous  nerve-tubes  of  variou 
size  passing  among  its  elements  in  dilTej-ent  directions.  Besides  these, 
the  branching  processes  from  the  caudate  vesicles  are  found  here: 
these  processes  differ  from  the  nerve-tubes  in  the  absence  of  the  while 
substance  of  Schwann,  in  their  grayish  colour,  in  their  branching,  ud 
in  a  certain  minutely  granular  texture.  Numerous  extremely  minute 
fibres,  perfectly  transparent  in  texture,  may  be  traced  to  be  contina- 
OUS  with  the  finer  subdivisions  of  these  processes  (fig.  66,  p.  198). 
Fibres  of  the  same  appearance  are  occasionally  found  among  the  tabei 
of  the  white  substance  of  the  spinal  cord ;  their  connection  with  those 
of  the  gray  matter  is  unknown. 

e  well-injeclcd  preparaiionii,  in  whick 
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Capillaiy  blood-yessels  are  met  with  in  great  numbers  ramifying 
tbe  gray  matter.  They  are  much  more  numerous  in  this  than  in 
!  white  matter,  and  the  observer  should  be  careful  not  to  confound 
!  most  minute  of  them  with  some  of  the  fibrous  elements  above  de- 
ibed. 

So  far  as  our  present  knowledge  of  the  minute  anatomy  of  the 
nal  cord  extends,  it  is  favourable  to  the  supposition  that  the  spinal 
rves  derive  their  origin,  at  least  partly,  from  the  gray  matter.  The 
igitudinal  fibres  of  the  cord  may  consist  in  part  of  fibres  continuous 
th  those  of  the  brain  or  cerebellum,  and  in  part  of  commissural 
res,  serving  to  unite  various  segments  of  the  cord  with  each 
ler,  or  to  connect  some  part  or  parts  of  the  encephalon  with  them. 
lose  fibres  which  may  be  regarded  as  strictly  spinal  are  probably 
Itijae  in  their  course,  forming  their  connection  with  gray  matter  at 
KMnt  higher  up  in  the  cord  than  that  at  which  they  emerge  from 
surface,  and  may  be  readily  confounded  with  the  longitudinal 
res  when  their  course  is  long.  Other  oblique  or  transverse  fibres 
ibabljr  do  not  emerge  from  the  cord,  but  connect  the  segments 
opposite  sides,  forming  a  transverse  commissure.  So  that  four 
saes  of  fibres,  each  different  in  function,  may  be  considered  to  ex- 
in  the  cord.     1.  Spinal  fibres^  oblique  or  transverse,  which  pro- 

Ste  nervous  power  to  or  from  the  segments  of  the  cord  itself. 
ncephalic  fibres y  longitudinal,  the  paths  of  volition  and  sensation, 
licb  connect  the  spinal  cord  with  the  various  segments  of  the  en- 
phalon.  3.  Longitudinal  commissural  fibres.  4.  Transverse  com- 
nural  fibres. 

Of  Hie  encephalon. — The  brain  or  encephalon  is  that  mass  which 
contained  within  the  cranial  cavity.  The  plane  of  the  occipital 
amen  separates  it  from  the  spinal  cord,  inasmuch  as  that  plane 
Nild  about  pass  through  the  inferior  extremity  of  the  medulla  ob- 

?pita. 
our  se^^ents  are  obviously  distinguished  in  the  encephalon.  1. 
le  medulla  oblongata,  2.  The  cerebrum.  3.  The  cerebellum.  Some 
res  of  the  medulla  oblongata  extend  to  the  cerebrum,  and  some  to 
e  cerebellum.  The  fourth  segment,  which  is  called  the  mesocephale^ 
Dtains  fibres  passing  between  all  the  rest,  as  well  as  some  connect- 
l  opposite  sides.  This  constitutes  a  sort  of  conflux  to  the  segments 
ove  named,  and  may  be  compared  to  a  railway  terminus,  at  which 
reral  lines  meet  and  pass  each  other. 

The  brain  of  the  adult  man  weighs  about  50  oz.,  or  a  little  more 
IS  3  lbs.  avoirdupois.*  This  great  weight  depends  mainly  upon  the 
rebrum  and  cerebullum,  the  medulla  oblongata  and  mesocephale 
ming  not  more  than  one-tenth  of  the  whole  weight.  These  parts 
ist  in  their  highest  state  of  development  in  man.  Their  size  does 
t  appear  to  be  regulated  by  the  physical  development  of  the  body, 
her  in  man  or  in  the  lower  animals.  Thus  the  horse,  although 
satly  exceeding  the  human  subject  in  the  size  of  his  body,  has  a 
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brain  considerably  inferior.  The  largest  brain  of  a  horse  weight, 
according  to  Soemmering,  1  lb.  7  oz.,  but  the  smallest  adult  hmitaB 
brain  may  be  estimated  at  2  lbs.  5^  oz.  Many  other  instances  might 
be  cited,  of  animals  of  great  bulk,  with  brains  weighing  considenUj 
less  than  that  of  man.  The  brains  of  the  elephant  and  the  whale^ 
however,  although  inferior  to  it  in  general  organization,  are  abaolutdy 
heavier  than  that  of  man.  That  of  an  elephant,  dissected  by  Sir  Aidcj 
Cooper,  had  a  weight  of  8  lbs.  1  oz. ;  and  Rudolphi  found  the  bnit 
of  a  whale,  75  feet  long,  (Balanamysticetus^)  to  weigh  6  lbs.  10]^ ok. 
Yet  how  inferior  must  be  the  development  of  the  brain  in  these  stu- 
pendous animals  relatively  to  the  whole  body,  if,  with  their  enormoa 
superiority  of  bulk,  their  brains  exhibit  so  little  excess  of  weight  OTcr 
that  of  man! 

Even  among  men  there  does  not  appear  to  be  any  fixed  relatioB 
between  the  bulk  of  the  body  and  that  of  the  brain.  A  laige  fflin 
has  by  no  means  necessarily  a  large  brain,  and  it  often  happens  that 
persons  of  small  stature  have  the  brain  above  the  average  size.  Ii 
women  the  brain  is  generally  lighter  than  in  men.  Dr.  John  Reid 
assigns  an  average  diflference  of  5  oz.  11  dr.  in  fevour  of  the  mile 
brain.  Yet  this  difference  is  scarcely  proportionate  to  the  genenl 
inferiority  of  organization  and  of  size  of  the  female  to  the  male. 

It  is  impossible  to  explain  the  great  superiority  of  the  human  brain, 
both  in  organization  and  in  the  absolute  quantity  of  nervous  matter 
which  it  contains,  without  admitting  its  connection  with  the  mind, 
and  the  influence  exerted  upon  its  nutrition  and  growth  by  that 
immaterial  principle.  The  men  of  greatest  intellectual  power  are 
those  who  possess  the  largest  brains.  Cuvier's  brain,  as  stated  bj 
Tiedemann,  weighed  4  lbs.  11  oz.  4  dr.  30  grs.  troy;  and  that  of  Do- 
puytren  1  oz.  4  dr.  30  grs.  less.  On  the  other  hand,  the  brain  of  aa 
idiot  weighs  scarcely  more  than  that  of  the  horse  mentioned  aboTe. 
Tiedemann  found  the  brain  of  an  idiot,  fitly  years  old,  to  weigh  1 
lb.  8oz.  4drs.;  and  that  of  another,  forty  years  old,  lib.  lloz. 4 
drs.  In  advanced  age,  when  the  mental  faculties  have  decliDed, 
the  brain  generally  experiences  a  decrease  of  size ;  there  are  many, 
however,  who  preserve  their  intellectual  vigor  to  a  very  advanced 
period  of  life,  and  in  such  persons,  doubtless,  the  brain  does  not  ex- 
hibit any  evidence  of  shrinking.  It  is  during  the  period  of  greatest 
mental  activity  and  power  that  the  brain  acquires  and  maintains  its 
highest  point  of  development,  that  is,  between  the  ages  of  twenty  and 
sixty. 

Whilst  there  is  an  evident  connection  between  a  large  quantify  o( 
cerebral  matter,  and  a  highly  developed  intellect,  the  quality  of  the 
mind  and  that  of  the  brain  substance  may  also  be  supposed  to  have  a 
close  relation  to  each  other.  For  great  power  of  action  a  large  mus- 
cle is  needed,  but  for  vigorous  and  well-adjusted  muscular  movement 
a  certain  qualify  of  fibre  is  also  necessary  to  give  full  scope  to  the 
nervous  power  (see  pp.  175-7-79).  It  is  impossible  to  determine 
what  this  peculiarity  in  quality  is,  but  some  idea  of  the  great  influence 
which  it  may  possess  in  the  exercise  of  the  two  great  vital  forces,  the 
muscular  and  nervous^  may  be  gained  from  comparing  the  energy  and 
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icHon  of  a  well«bred  horse  with  those  of  one  which,  in  the  language 
Df  the  turf,  shows  little  or  no  breeding.  The  actual  amount  of  mus* 
mlar  or  nervous  fibre  may  be  the  same  in  both,  or  it  may  be  less  in 
Aw  horse  of  good  breeding  than  in  the  other,  yet  the  former  does  his 
work  and  endureS'fatigue  better. 

-  The  nature  of  the  connection  between  the  mind  and  nervous  matter 
Imm  ever  been,  and  must  continue  to  be,  the  deepest  mystery  in  phy- 
Bology ;  and  they  who  study  the  laws  of  Nature,  as  ordinances  of 
God,-  will  regard  it  as  one  of  those  secrets  of  his  counsels  ^'  which 
Angels  desire  to  look  into."*  The  individual  experience  of  every 
Ihcnigbtful  person,  in  addition  to  the  inferences  deducible  from  re- 
Twl^  Truth,  affords  convincing  evidence  that  the  mind  can  work 
apart  from  matter,  and  we  have  many  proofs  to  show  that  the  neglect 
ef  mental  cultivation  may  lead  to  an  impaired  state  of  cerebral  nutri- 
lioo  ;  or,  on  the  other  hand,  that  diseased  action  of  the  brain  may  in- 
jure or  destroy  the  powers  of  the  mind.  These  are  fundamental  truths 
ef  vast  importance  to  the  student  of  mental  pathology  as  well  as  of 
physiology.  It  may  be  readily  understood  that  mental  and  physical 
development  should  go  hand  in  hand  together,  and  mutually  assist 
each  other;  but  we  are  not,  therefore,  authorized  to  conclude  that 
nental  action  results  from  the  physical  working  of  the  brain.  The 
AiDgs  of  the  harp,  set  in  motion  by  a  skillful  performer,  will  produce 
harmonious  music  if  they  have  been  previously  duly  attuned.  But  if 
Ibe  instrument  be  out  of  order,  although  the  player  strike  the  same 
Botes,  and  evince  equal  skill  in  the/^ movements  of  his  fingers,  no- 

S\  bat  the  harshest  discord  viuW  ensue.  As,  then,  sweet  melody 
ta  from  skillful  playing  on  a  well  tuned  instrument  of  good  con- 
flniction,  so  a  sound  mind,  and  a  brain  of  good  development  and 
^dality,  are  the  necessary  conditions  of  healthy  and  vigorous  mental 
aetion. 

-.  Medulla  oblongata. — Of  the  segments  of  the  encephalon  above 
eanmerated,  the  medulla  oblongata  is  that*  w^i^fa-is  more  immedi- 
aikdj  connected  with  the  spinal  cord,  and  through  Avhich  the  brain 
ia  brought  into  communication  with  the  other  vital  organs  and  with 
moat  of  the  peripheral  parts.  It  is,  therefore,  truly  ^^  the  link  which 
hiads  U8  to  life."  In  form  and  general  anatomical  characters,  it 
Teij  much  resembles  the  spinal  cord,  with  which  it  is  continuous, 
standing  in  the  same  relation  to  it  as  the  capital  to  the  shaft  of  a 
edamn. 

In  the  sense  in  which  we  here  speak  of  it,  the  medulla  oblongata 
is  limited  above  by  the  mesocephale ;  but  its  constituent  fibres  ex- 
tead  beyond  that  segment,  and  form  important  connections  with  the 
Feat  of  the  brain.  It  is  completely  contained  within  the  cranial  cavity, 
its  lowest  part  being  just  above  the  level  of  the  plane  of  the  occipital 
foramen. 

The  size  of  the  medulla  oblongata  is  in  the  direct  ratio  of  that  of 
the  nerves  which  proceed  from  it.  Hence  it  is  very  much  larger,  both 

*  The  admirable  chapter  in  Bp.  Butler's  Analogy  "Of  a  Future  Life,**  cannot  be 
too  attentirelj  sindied  in  reference  to  this  subject. 
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absolutely  and  Tetativelj,  in  some  of  the  lower  atumals  than  is  am: 
in  many  of  them  it  forms  the  lai^st  of  all  the  segmeota  of  the  am- 
phalon,  while  in  man  it  is  much  the  smallest. 

In  the  medulla  oblongata  there  is  the  same  symmetry  of  amag^ 
ment  which  we  have  noticed  in  the  cord.  An  anterior  and  pMteim 
fissure  diride  it  into  two  equal  and  symmetrical  portions.  The  pos- 
terior fissure  is  deep  and  narrow,  and  is  continuoas  with  that  of  tk 
cord.  The  anterior  fissure  is  wider  and  less  deep,  and  is  separated 
from  the  same  fissure  of  the  cord  by  certain  fibres  which  cross  obliaodf 
from  each  side  in  its  lowertbird,  decussating  each  other.  These  nbm 
are  called  the  decussating  Jibres  of  the  anterior  ^romub,  and  fan, 
very  fitly,  an  anatomical  deroarkation  between  the  medulla  oblongdi 
and  the  spinal  cord. 

The  floor  of  the  anterior  fissure  is  formed  by  a  layer  of  fibmti 
matter  which  is  rendered  cribriform  by  the  orifices  of  the  numenm 
bloodvessels  which  penetrate  it.  This  constitutes  a  commissure  of 
transverse  fibres,  similar  to  that  described  in  the  spinal  cord.  Thl 
posterior  fissure  extends  to  the  posterior  surface  of  this  commissure, 
there  being  no  such  transverse  lamina  of  vesicular  matter  in  the  DU- 
dulla  as  in  the  cord. 

When  the  pia  mater  has  been  carefully  removed  from  the  sarftts 
of  the  medulla  oblongata,  certain  grooves  are  seen  which  indicate  a 
subdivision  of  the  organ,  which  is  convenient  for  the  purposeirf 
description.  In  front  are  the  anterior  pyramids  (corpora  pyranud^ 
anlica)  separated  from  each  other  along  the  middle  line  by  the  aate- 
rior  fissure.  External  to  each  anterior  pyramid  there  is  an  oval  pnh 
minence  surrounded  by  a  superficial  groove,  which  in  some  instaneet 
is  partially  interrupted  by  some  arciform  fibres  which  cross  it  at  in 
lower  part.  These  projections  are  the  i>i»- 
vary  bodies.  External  to  these,  and  formiBg 
the  lateral  and  a  great  part  of  the  posterior 
region  of  the  medulla  oblongata,  are  the  Rh 
tiform  bodies,  two  thiclc  columns  of  fibrooi 
matter,  which  are  separated  from  each  otbei 
along  the  middle  line  by  two  slender  columas, 
the  posterior  pyramids.  These  last  bound  the 
posterior  fissure. 

The  anterior  pyramids  are  bundles  of 
fibrous  matter  which  extend  between  the 
anlero-lateral  columns  of  the  cord  and  the 
cerebral  hemispheres.  Below  the  mesoce- 
phale  the  fibres  »re  compactly  applied  to  each 
other  so  as  to  form  on  each  side  of  the  me- 
dian line  a  column  of  white  matter,  the  trans- 
verse section  of  which  has  more  or  less  of  a 
triangular  outline.  Traced  upwards,  the 
pyramids  are  found  to  pass  into  the  meso- 
cephale  above  its  inferior  layer  of  transverse 
fibres,  the  pons  Varolii.  At  its  entrance 
into  this  part  of  the  brain  each  pyranud 
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Eperiences  a  slight  but  well-marked  constriction,  but  immediately 
Epands  again ;  and  its  fibres  in  their  further  course  upwards  gra- 
mlly  diverge,  and  contribute  to  form  the  inferior  lamina  of  the  cms 
erebii. 

In  their  aacent  through  the  mesocephale  the  fibres  of  the  pyramids 
fe  crossed  at  right  angles  by  some  deep  transverse  fibres  on  differ- 
!Bt  planes  which  belong  to  the  same  system  as  those  which  constitute 
ke  poiia.  With  these  fibres  those  of  the  pyramids  interlace.  Ve- 
Mular  matter  is  deposited  in  the  intervals  between  the  more  deeply 
Kated  fibres,  from  which  probably  some  fibres  take  their  origin,  and 
join  the  pyramids  at  their  emergence  from  the  pons,  to  form  the  in- 
ferior layer  of  the  eras  cerebri. 

Traced  downwards,  the  fibres  of  each  anterior  pyramid  pass  in 
peater  part  backwards  as  well  as  downwards,  sinking  into  the  ante- 
n>-ltteral  column  of  the  cord  of  the  opposite  side  (fig.  68,  d),  whilst 
ttoiall  portion  of  them,  those,  namely,  which  constitute  the  outer 
Margin  of  each  pyramid,  pass  to  the  column  of  the  same  side.  Other 
ibres  of  these  bodies  do  not  pass  down  into  the  spinal  cord  at  all,  but 
ttking  a  curved  course  around  the  inferior  extremity  of  each  olivary 
body  they  ascend  towards  the  cerebellum,  forming  the  arciform  fibres. 
Or,  if  the  description  be  pursued  in  an  opposite  direction,  each  py  ra- 
nd may  be  stated  to  be  composed  of  some  fibres  from  the  antero- 
lateral spinal  column  of  its  own  side,  and  of  others  which  greatly 
cieeed  the  latter  in  number,  from  the  antero-lateral  column  of  the 
opposite  side,  and  it  is  connected  with  the  restiform  body  of  the  same 
flde  by  the  arciform  fibres. 

The  decussation  takes  place  by  from  three  to  five  bundles  of  fibres 
bom  each  pyramidal  body.  In  separating  the  margins  of  the  anterior 
hnire,  these  fibres  are  found  to  interrupt  its  continuity  with  the  an- 
ioior  fissure  of  the  medulla  oblongata,  and,  therefore,  may  be  con- 
reniently  referred  to  as  a  boundary  between  the  medulla  oblongata 
ind  the  spinal  cord. 

This  decussation  has  great  interest  in  reference  to  the  explanation 
£  the  phenomena  of  diseased  brain.  It  is  well  known  that  lesion  of 
iie  hemisphere  of  the  brain  when  sufficiently  extensive  to  cause  pa- 
alysis,  will  induce  that  paralysis  on  the  opposite  side  of  the  body. 
Lnd,  although  a  very  few  exceptions  have  been  recorded,  this  is  so 
ODslant  that  it  must  be  regarded  as  a  law,  that  the  influence  of  each 
lemisphere  is  rather  upon  the  opposite  half  of  the  body  than  on  that 
f  its  own  side.  It  is  not,  however,  meant  that  the  hemisphere  has 
la  influence  on  the  same  side  of  the  body.  On  the  contrary,  it  is 
lost  probable  that  it  does  exert  some  influence  from  the  partial  con- 
leetioQ  of  each  anterior  pyramid  with  the  antero-lateral  column  of  the 
pioal  cord  on  the  same  side.  Now  the  decussation,  above  described, 
bviously  suggests  an  explanation  of  this  phenomenon,  which  is  among 
le  most  interesting  that  anatomy  can  offer.  In  confirmation  of  this 
tatement  it  may  be  remarked,  that  lesion  of  one  side  of  the  cord,&e<- 
fw  the  decussation,  aflects  the  same  side  of  the  body,  and  that  alone ; 
rbilst  disease  of  a  paralyzing  influence,  wherever  it  occurs  above  the 
ecQSsation,  affects  the  opposite  half  of  the  body.    The  exceptions 
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to  this  rule  are  too  anomalous  and  few  to  iorftlidate  the  ezplautm 
so  long  adopted. 

.    The  restiform  bodies  form  the  lateral  and  posteriorpBrt  of  the  me- 
dulla oblongata.     They  are  cylia- 
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drical  in  form.  Below  tbejr  in 
distinctly  continuous  nith  the  la- 
tero'lateral  and  posterior  eolamm 
of  (be  cord.  As  they  ascend,  ibej 
diverge  and  leare  a  conndenbli 
space  between  them,  vhich  is  die 
fourth  ventricle.  Each  restifbnn 
body  passes  into  the  correspondiag 
hemisphere  of  the  cerebellum,  fbra- 
ing  a  considerable  portion  of  the 
crus,  the  stalk  of  fibrous  natter 
around  which  the  hemisphere  ti 
formed.  These  bodies  are,  then- 
fore,  the  bond  of  connection  1* 
tween  the  cerebellum  and  Ike 
spinal  cord,  for  which  reason  thcj 
have  been  appropriately  deBigoUn 
processus  cerebetli  ad  meduUam  tk- 
longatam. 

Tbe  posterior  median   fissure  ti 

^°""^*^  *'°  ^^^  *''^*  ^3  *  *""" 

[bicmi  part  of  ihc  Bjiieto-iwcrai  coiumni  of    column,  Hot  exceeding  one-eighlh 

Ihe  Baor'o°1he  four^'<en"ic\e'K"aru«d      of   an  ioch  in    breadth.       ThcSC  t^ 

»me'fibAi"f''«rsin """;,'£•  ««^'*pwr  lumns  are  called  {tic  posterior  pj/n- 
of  Bene*.  midal  bodies.    Their  outer  limit  sod 

line  of  (lemarkation  from  the  reit- 
iform  bodies  is  indicated  by  a  superficial  groove,  along  which  i 
separatibn  of  the  two  structures  readily  takes  place,  in  a  preparation 
previously  hardened  in  spirit. 

The  olivary  bodies  are  oval  projections  on  each  side  of  the  anterior 
pyramids.  When  the  latter  have  been  carefully  removed,  it  may  be 
demonstrated  that  these  bodies  are  continuous  with  the  central  partof 
the  medulla  oblongata.  They  are  coated  on  the  outside  with  fibrous 
matter,  within  which  is  a  folded  lamella  or  capsule  of  vesicular  sub- 
stance, enclosing  a  white  nucleus.  By  slicing  off  a  layer  of  this  body 
even  wilh  the  surface  of  the  medulla,  the  capsule  may  be  seen  dis- 
posed as  a  wavy  line,  surrouniliog  an  oval  space  of  white  matter.  If 
examined  in  transverse  section,  this  wavy  line  of  vesicular  matter  ii 
still  apparent,  but  it  is  incomplete  behind  and  within;  and  the  same 
may  be  observed  on  a  vertical  section  of  the  olivary  body.  This 
lamina  is  called  the  corpus  dentatum. 

When  the  pyramids  are  very  largely  developed  these  oval  projec- 
tions on  the  surface  of  the  medulla  oblongata  do  not  appear.  Hence 
the  olivary  eminences  are  peculiar  to  the  human  subject,  and  some  of 
the  monkeys. 

On  tracing  the  olivary  bodies  downwards,  they  are  found  to  ap- 
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roximate  towards  each  other,  the  anterior  pyramids  which  separate 
lem  gradually  diminishing  in  breadth,  and  they  apparently  terminate 
y  becoming  continuous  with  the  antero-Iateral  columns  of  the  spinal 
ord. 

The  olivary  bodies,  though  separated  from  the  margin  of  the  pons 
Varolii  by  a  distinct  depression,  may  be  traced  upwards  through  the 
lesocepbale  along  with  the  central  substance  of  the  medulla  ob- 
)Dgata  {fasciculi  innandnati  of  Cruveilhier),  forming  a  considerable 
ortioD  of  the  superior  layer  of  each  crus  cerebri,  and  apparently 
ecoroing  continuous  with  the  optic  thalamus  and  quadrigeminal 
lodies. 

The  olivary  bodies  and  the  central  substance  of  the  medulla  oblon- 
;ata  may  be  described  as  connecting  the  spinal  cord  with  the  quadri- 
(eminal  bodies  and  the  optic  thalami. 

It  seems  highly  probable  that  the  olivary  bodies  constitute  the  es- 
ential  portion  or  nucleus  of  the  medulla  oblongata;  that  on  which  its 
»ower  as  an  independent  centre  depends.  Strong  support  to  this  view 
I  derived  from  the  important  fact,  that  these  bodies  and  the  central 
lortion  of  the  medulla  oblongata,  with  which  they  are  directly  con- 
inuous,  contain  that  intermixture  of  vesicular  and  fibrous  matter 
rhich  constitutes  the  main  character  of  a  nervous  centre. 

If  this  be  correct,  the  anterior  and  posterior  pyramids,'and  the  rest- 
form  bodies,  must  be  regarded  as  consisting  chiefly  of  fibres  which 
MISS  from  the  spinal  cord  to  the  cerebrum,  or  cerebellum,  and  not 
essentially  concerned  in  the  formation  of  the  medulla  oblongata, 
rhe  fibres  of  these  bodies  are  in  fact  mainly  commissural ;  the  an- 
erior  pyramids  serving  to  connect  the  cerebral  hemispheres  to  the 
pinal  cord,  the  restiforro  bodies  connecting  the  cerebellum  to  it, 
ind  the  posterior  pyramids  being  the  means  of  connection  posteriorly 
letween  the  medulla  oblongata  and  the  cervical  and  dorsal  regions 
)f  the  spinal  cord.  But  the  olivary  bodies  and  the  central  matter  of 
he  medulla  are  directly  continuous  with  certain  principal  gangliform 
oasses  of  the  brain,  the  optic  thalami  and  quadrigeminal  bodies,  and 
»y  their  prolongation  upwards  form  a  large  portion  of  the  crura  of  the 
irain. 

From  the  description  of  the  minute  structure  of  the  medulla  ob- 
ongata  by  Stilling,  founded  upon  investigations  conducted  in  the 
ame  way  as  those  on  the  spinal  cord,  it  would  appear  that  nume- 
ous  transverse  fibres  pass  into  the  central  and  posterior  part  of  the 
aedulla.  It  is  not  unlikely  that  many  of  these  so  called  fibres  may 
e  bundles  of  nerve  tubes,  but  it  is  also  highly  probable  that  many 
f  them  are  blood-vessels,  which  pass  in  great  numbers  into  the  cen- 
ral  substance  of  the  medulla.  The  same  mode  of  connection  which 
xists  between  the  roots  of  the  nerves  and  the  spinal  cord,  whatever 
hat  may  be,  will  no  doubt  be  found  to  prevail  in  the  medulla ;  and 
s  several  important  nerves  emerge  from  this  portion  of  the  ence- 
ihalon,  it  seems  very  likely  that  their  fibres  should  penetrate  to  its 
entral  part  to  form  a  connection  with  its  gray  matter.  This  ques- 
ion,  however,  is  not  to  be  decided  by  the  use  of  low  powers  of 
ie  microscope,  such  as  Stilling  employs ;  nor  have  our  trials  with 
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bodies  are  composed  in  great  part  of  libres,  taking  a  loiigihidinal 
course,  while  the  central  portion  contains  both  the  vesicular  anil 
fibrous  nervous  elements.  The  fihres  of  the  latter,  according  to  Stil- 
ling, taking  chiefly,  if  not  exclusively,  a  transverse  direction. 

There  is  no  evidence  of  any  interchange  of  fibres  between  the  rcsl- 
iform  bodies,  nor  between  the  posterior  pyramids  of  the  right  and 
leO  sides,  such  as  has  been  noticed  between  the  anterior  pyramids 
in  the  description  of  their  decussating  fibres.  The  central  or  olivary 
columns  of  the  medulla  oblongaia,  however,  have  a  very  intimate  con- 
nection with  each  other,  along  the  mesial  plane,  apparentljr  by  fibres 
passing  from  one  to  the  other. 
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When  the  medulla  oblongata  is  divided  vertically  along  the  median 

Kne,  a  series  of  fibres  is  seen  to  form  a  septum  between  its  right  and 
half.  These  fibres  take  a  direction  from  before  backwards,  and 
appear  to  connect  themselves  with  the  posterior  olivary  columns. 
They  are  limited  inferiorly  by  the  decussating  fibres.  Cruveilhier 
proposes  for  them  the  name  antero-posterior  fibres ;  they  appear  to  be- 
long to  the  same  sjstem  as  the  arciform  fibres. 

Of  the  cerebellum.  This  segment  of  the  encephalon  is  situated 
above  and  behind  the  medulla  oblongata  in  a  distinct  compartment  of 
the  cranium,  which  has  for  its  roof  the  tentorium  cerebelli.  It  bears 
to  the  cerebrum  in  point  of  weight  about  the  proportion  1 :  8,  and  to 
the  entire  encephalon,  1 :  10. 

The  cerebellum  consists  of  a  central  and  of  two  lateral  portions. 
The  former,  also  called  the  median  lobe^  is  the  primary  part;  it  is  the 
only  part  of  the  organ  which  exists  in  fishes  and  reptiles ;  the  lateral 
portions  or  hemispheres  are  additions  to  this,  and  denote  an  advance 
in  development.  It  is  in  birds  that  these  are  first  found ;  they  are 
most  highly  developed  in  mammals,  and  attain  their  maximum  in 


Upon  removing  the  pia  mater  from  the  surface  of  the  cerebellum, 
we  observe  its  arrangement  in  numerous  thin  lamellae,  which  are  at- 
tached to  a  central  column  of  fibrous  matter.  A  vertical  section  of 
either  hemisphere  serves  well  to  display  their  structure.  A  series  of 
planes  of  fibrous  matter  become  detached  from  the  central  white 
column,  each  plane  separating  from  it  at  a  different  angle.  These 
planes  are  in  number  about  ten,  counting  those  on  the  upper  as  well 
as  the  under  surface.  Those  situated  in  front  are  detached  at  a  right 
angle,  the  posterior  ones  at  an  acute  angle.  Each  plane  forms  the 
centre  of  a  lobule,  and  as  it  proceeds  outwards  secondary  planes  are 
detached  from  it,  and  from  these  again  others  separate.  These  se- 
condary and  tertiary  planes  are  clothed  by  a  layer  of  vesicular  matter, 
which  also  invests  the  primary  planes  at  the  angles  of  separation  from 
the  principal  central  column. 

We  have  described  each  primary  plane  as  forming  the  central  por- 
tion, or  stem  of  a  lobule.  Each  lobule  is  circumscribed  and  separated 
from  those  in  immediate  relation  to  it,  by  a  fissure  which  extends  to 
the  principal  column.  The  lobules  are  composed  of  laminae  which 
derive  their  fibrous  matter  from  the  central  stem. 

Thus  the  substance  of  each  hemisphere  of  the  cerebellum  is  pene- 
trated by  a  number  of  fissures,  easily  traced  by  following  the  pia 
nater,  which  lines  them.  These  fissures  are  divisible  into  two  classes, 
primary  and  secondary.  The  primary  penetrate  to  the  principal  cen- 
tral column,  and  isolate  the  lobules ;  the  secondary  separate  the 
lamellae  of  which  each  lobule  is  composed.  The  deepest  and  most 
remarkable  of  the  former  corresponds  to  the  posterior  margin  of  each 
hemisphere,  passing  in  the  horizontal  plane  forwards  and  separating 
the  posterior  laminae  into  a  superior  and  inferior  set. 

The  structure  of  the  median  lobe  is  essentially  the  same  as  that  of 
the  hemispheres.  A  stem  of  fibrous  matter,  continuous  with  the  pro- 
eessus  cer^lli  ad  testes^  constitutes  the  central  column,  and  planes 
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radiate  from  it  in  the  same  manner  as  in  the  hemispheres.  Lobnla 
are  formed  around  these  planes,  and  the  aggregate  of  those  on  the 
superior  surface  of  the  median  lobe  constitutes  what  is  called  the 
superior  vermiform  process ;  and  that  of  the  inferior  ones,  the  MAriar 
vermiform  process.  The  lobules  of  the  median  lobe  have  a  disliMt 
continuitjr  of  substance  with  those  of  the  hemispheres  on  each  wle, 
and  thus  the  entire  lobe  becomes  a  medium  of  connection,  or  a  eoit 
nissure  between  the  hemispheres ;  nevertheless,  the  similari^  of  iti 
structure  to  that  of  the  hemispheres,  and  its  existence  in  the  anioul 
series  without  the  lateral  portions,  denote  that  it  exercises  an  inde- 
pendent function. 

Within  the  central  stem  of  each  hemisphere  of  the  cerebellnm,  (be 
fibrous  matter  is  partially  interrupted  by  a  peculiar  arrangement  of 
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Ac  Tesicalar  substance,  called  by  Vicq  d'Azyr  corpus  dentatum  (fig. 
71,  d).  This  is  only  foand  in  the  inner  half  of  the  stem,  at  about  a 
<|iiarter  of  an  inch  from  the  origin  of  the  crus.  It  may  be  demon- 
strated by  making  a  vertical  section  through  the  cerebellar  hemisphere, 
leaying  tvro-thirds  of  its  substance  to  the  outside  of  the  section.  The 
•orfiice  of  the  section  presents  at  the  situation  above  described  a  re- 
markable layer  or  capsule  of  gray  matter,  surrounding  in  great  part 
an  oval  space;  the  gray  layer  has  an  undulating  disposition,  and  is 
eonvex  towards  the  surface,  but  open  towards  the  crus.  The  precise 
object  of  this  remarkable  structure  is  not  known;  but  the  microscopic 
iDvestigation  of  it  shows  that  in  it  there  is  a  mingling  of  the  elements 
of  the  vesicular  and  fibrous  substances. 

The  central  stem,  or  crus,  around  which  each  hemisphere  of  the 
cerebellum  is  developed,  is  formed  by  three  bundles  of  fibres,  each 
on  a  different  plane.  These  are  called  its  peduncles.  Through  them 
the  cerebellum  forms  a  connection  with  other  parts  of  the  encephalon. 
The  superior  layer  or  peduncle  is  a  bundle  of  fibres  which  extends 
to  the  corpora  qnvLdngemimj  processus  cerebelli  ad  testes;  the  middle 
layer  passes  to  the  medulla  oblongata,  the  restiform  bodies;  and  the 
inferior  peduncle  consists  of  transverse  fibres  {Pons  Varolii)^  which 
pass  to  the  opposite  side,  and  also  form  a  considerable  portion  of  the 
mesocephale. 

Lesions  of  the  cerebellum,  when  so  deep  seated  as  to  affect  the 
primary  planes  of  fibrous  matter  or  the  central  stem,  have  the  same 
crossed  effect  as  those  of  the  cerebellum.  This  is  not  so  obviously 
explicable  as  the  similar  instance  of  the  cerebrum,  for  the  cerebellar 
fibres  of  the  medulla  oblongata  (restiform  bodies)  do  not  appear  to 
decussate.  Yet  it  seems  scarcely  necessary,  in  order  to  explain  the 
phenomenon,  to  have  recourse  to  the  supposition  that  they  do  decus- 
sate. The  close  connection  between  the  restiform  bodies  and  the 
pyramids,  by  means  of  the  arciform  fibres,  renders  the  latter  exceed- 
ingly liable  to  sympathise  with  the  condition  of  the  former,  and,  there- 
fore, prone  to  propagate  the  morbid  influence  to  the  opposite  half  of 
the  spinal  cord,  and  through  that  to  the  opposite  half  of  the  body.  It 
mast  be  borne  in  mind  that  some  of  the  fibres  of  the  anterior  pyra- 
mids very  probably  derive  their  origin  from  the  central  gray  matter  of 
the  medulla  oblongata,  as  well  as  of  the  mesocephale,  and  that  some, 
at  least,  of  those  which  affect  the  right  half  of  the  cord,  probably  de- 
rive their  origin  from  the  left  side  of  either  or  both  of  those  segments 
of  the  encephalon.  That  lesion  of  one  hemisphere  of  the  cerebellum 
may  influence  the  corresponding  half  of  the  medulla  oblongata,  is 
likely,  from  the  connection  which  the  restiform  fibres  establish  between 
them.  The  connection  of  the  cerebellum  with  the  mesocephale  is 
most  clearly  established  by  means  of  the  transverse  fibres  which  con- 
stitute the  pons  Varolii, 

Respecting  the  intimate  structure  of  the  cerebellum,  little  is  known 
of  a  very  exact  nature.  The  white  stems  and  plates  are  fibrous,  and 
consist  of  multitudes  of  nerve-tubes  of  all  sizes,  which  follow  the 
general  direction  of  each  stem  or  plate.  These  fibres  doubtless  tend 
principally  to  propagate  the  peculiar  influence  of  the  cerebellum  to  the 
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spinal  cord  and  the  mesocephale.  Some  probably  are  commissunl, 
as  the  processus  cerebelli  ad  testes  (or  cerebro-cerebellar  commii- 
sures),  the  fibres  of  the  pons,  and  some  of  those  of  the  median  lobe. 
Mr.  Mayo  supposes  that  others  pass  between  the  laminae,  but  their 
existence  is  extremely  doubtful. 

The  vesicular  matter  which  covers  the  plates  contains  the  ordi- 
nary elements,  of  which,  however,  the  caudate  vesicles  constitute  t 
principal  portion  (p.  198).  These  are  so  disposed  that  their  procesKi 
pass  off  chiefly  towards  the  circumference,  their  obtuse  extremitiei 
being  directed  towards  the  laminae.  Besides  these,  there  is  in  each 
layer  of  vesicular  matter  a  thin  lamina  composed  of  round  clear  na- 
cleus-like  particles,  which  cohere  to  each  other  without  the  interven* 
tion  of  any  matrix  or  other  connecting  substance.  Fine  nerve-tabei 
and  blood-vessels  pass  through  it.  This  lamina  is  intermediate  to 
two  which  contain  nerve-vesicles,  one  of  which  is  in  immediate  con- 
nection with  the  fibrous  matter  of  the  cerebellum,  the  other  with  the 
pia  mater. 

Of  the  fourth  ventricle. — The  divergence  of  the  restiform  bodiei 
in  their  ascent  to  the  hemispheres  of  the  cerebellum  leaves  a  con- 
siderable space,  which  is  of  a  lozenge  shape,  having  its  superior 
angle  towards  the  brain,  its  lateral  angles  towards  the  cerebellar 
hemispheres,  and  its  inferior  angle  at  the  point  of  separation  of 
the  restiform  bodies.  Along  its  floor  are  seen  the  central  or  olivary 
columns  of  the  medulla  oblongata,  extending  upwards  to  the  optM 
thalami.  A  fissure,  continuous  with  the  posterior  median  fissare, 
separates  these  columns.  Some  bundles  of  white  fibres,  which  may 
be  traced  to  the  soil  portion  of  the  seventh  pair  of  nerves,  cross  these 
bundles  nearly  at  right  angles  to  them  and  to  the  fissure  (p.  242), 
and  form  with  the  latter  the  calamus  scriptoriusj  the  white  fibres  con- 
stituting the  barbs  of  the  pen.  The  roof  of  this  ventricle  is  formed 
in  front  by  the  anterior  laminae  of  the  superior  vermiform  process, 
which  constitute  the  valve  of  Vieussens ;  and  behind  by  the  inferior 
vermiform  process.  A  process  of  pia  mater  enters  it  at  its  inferior 
angle,  just  as  the  choroid  plexus  penetrates  the  inferior  cornu  of  the 
lateral  ventricles  of  the  brain.  The  reflexion  of  the  lining  membrane 
on  the  process  of  pia  mater  seems  to  close  up  the  ventricle  below, 
and  cut  off  its  direct  communication  with  the  subarachnoid  space.  A 
canal,  which  passes  through  the  mesocephale,  establishes  the  com- 
munication of  this  with  the  third  ventricle,  iter  a  tertio  ad  quarium 
ventriculum. 

The  fourth  ventricle  properly  belongs  to  the  medulla  oblongata.  It 
is,  therefore,  present  in  all  the  vertebrate  classes,  and  is,  in  point  of 
size,  directly  proportionate  to  the  medulla  itself. 

Of  the  mesocephale. — This  term,  suggested  by  Chaussier,  denotes 
that  this  portion  of  encephalon  is  the  bond  of  union  to  the  rest,  the 
cerebrum  above  the  medulla  oblongata  below,  and  the  cerebellum 
behind. 

The  inferior  surface  of  the  mesocephale,  the  pons  Varolii^  consists 
of  a  series  of  curved  fibres,  which  pass  from  one  crus  cerebelli  to  the 
other.     When  the  brain  lies  with  its  base  uppermost,  these  fibres  ap- 
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to  cross  OTcr  the  upward  continuations  of  the  anterior  pyramids, 
8  a  bridge  over  a  stream.  Hence  the  term  pons  was  applied  to  them 
►y  Varolius.*  The  fibres  form  a  series  of  curves,  convex  forwards, 
tmcare  towards  the  medulla  oblongata,  the  posterior  being  much 
en  curved  than  the  anterior.  At  either  side  they  become  more 
■losely  packed,  taper,  and  form  the  inferior  layer  of  each  crus  cere- 
«lli.  Along  the  middle  line  a  groove  traverses  the  surface  of  the 
ions  from  its  posterior  to  its  anterior  margin,  in  which  the  basilar 
irtefy  usually  lies. 

The  fibres  of  the  pons  are  always  developed  in  the  direct  ratio  of 
be  hemispheres  of  the  cerebellum.  In  animals  which  have  only  the 
taedian  lobe,  there  is  no  pons;  and  when  the  hemispheres  are  small, 
he  pons  is  small  likewise.  Hence  these  fibres  must  be  regarded  as 
fspecially  belonging  to  the  cerebellum,  and  as  serving,  whatever 
rther  office  they  may  perform,  to  connect  the  hemispheres  of  oppo- 
ite  sides.  They  constitute,  therefore,  the  great  transverse  commiS' 
Mre  of  the  cerebellum^  and  are  to  the  hemispheres  of  that  organ  what 
be  corpus  callosum  is  to  those  of  the  brain. 

These  transverse  fibres  do  not  form  merely  a  superficial  plane, 
vfaich  covers  the  pyramids  in  their  upward  passage  :  on  the  contrary, 
hc^  extend  to  more  than  one-half  of  the  depth  of  the  mesocephale, 
IS  18  apparent  on  a  transverse  section  of  it.  The  more  superficial 
ibres  simply  cross  from  one  side  to  the  other;  the  deeper-seated  ones 
nterlace  with  those  of  the  pyramids.  The  fibres  are  irregularly  dis- 
loeed  in  planes,  and  vesicular  matter  is  interposed  between  the  more 
leeply-seated  ones.  From  this  gray  matter  it  is  not  improbable  that 
lome  of  the  fibres  of  the  pyramids  may  take  origin. 

On  the  superior  surface  of  the  mesocephale  are  the  quadrigeminal 
jodies,  (nates  and  testes^)  and  beneath  these  the  olivary  columns.  A 
dij^t  longitudinal  groove  separates  the  quadrigeminal  bodies  into  a 
ight  and  left  pair,  and  a  transverse  groove  indicates  their  division 
Bto  an  anterior  and  posterior  pair.  They  are  gangliform  bodies,  of 
I  grayish  white  colour,  containing  fibrous  and  vesicular  matter. 
rbe  anterior  (nates)  are  somewhat  elliptical  in  shape ;  they  are  the 
arger  in  man.  The  posterior  (testes)  are  hemispherical,  and  some- 
irbat  lighter  in  colour.  These  bodies  are  much  more  developed  in 
be  lower  animals  than  in  man.  In  mammalia  only  do  they  exist  as 
our.  In  birds,  reptiles,  and  fishes,  they  are  only  two  in  number, 
md  are  called  optic  lohes^  from  their  connection  with  the  optic  nerves. 
rhey  are  hollow  in  these  classes,  but  in  mammalia  they  are  solid. 

Between  each  testis  and  the  corresponding  hemisphere  of  the 
«rebellum,  a  band  of  fibrous  matter  extends — processus  cerebelli  ad 
Bslem.  Each  band  may  be  traced  into  the  crus  cerebelli  of  the  same 
ide,  of  which  it  forms  the  superior  layer,  so  that  its  fibres  are  doubt- 
ess  continuous  with  some  of  those  which  form  the  white  plates  of 
he  median  and  lateral  lobes.  The  connection  of  these  processes 
rith  the  testes  is  more  apparent  than  real.  They  seem  rather  to  pass 
•eneath  them  to  the  optic  thalami ;  and,  therefore,  it  has  been  justly 

*  The  terms  annular  protuberance,  uthmus,  encephaU,  nodus  encephalij  are  also  fre- 
nently  Dsed. 
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remarked,  they  might  be  more  appropriately  named  processus  cerMU 
ad  cerebrum.  The  valve  of  Vieussens  occupies  the  interval  betweea 
these  processes.  This  layer  evidently  results  from  the  spreading  out 
of  some  of  the  anterior  lamellae  of  the  superior  vermiform  process. 

From  the  preceding  description,  it  will  appear,  as  before  stated, 
that  the  stem  of  fibrous  matter  which  forms  the  crus  cerebelli  derives 
its  fibres  from,  or  is  continuous  with,  three  planes  of  fibrous  matter; 
the  highest,  or  most  superficial,  being  the  processus  cerebelli  ad  tes* 
tem ;  the  second,  or  middle,  the  restiform  body  ;  and  the  inferior  the 
fibres  of  the  pons.  By  the  first,  the  cerebellum  and  cerebrum  are 
connected  ;  by  the  second  the  cerebellum  is  connected  with  the  me- 
dulla oblongata  ;  and  by  the  third,  each  hemisphere  is  brought  into 
union  with  its  fellow,  and  with  the  mesocephale.  Foville  assigns 
other  fibres  as  constituents  of  the  crura  cerebelli,  which  he  describei 
as  expansions  connected  with  the  fifth  and  auditory  nerves. 

The  crura  cerebelli  seem  to  emerge  from  the  posterior  angles  of 
the  mesocephale.  From  its  anterior  part  there  proceed  upwards, 
with  a  slight  divergence,  two  similar  processes,  of  considerable 
thickness,  which  enter  each  hemisphere  of  the  brain,  and  upon  which 
each  of  those  masses  rests,  as  a  mushroom  upon  its  stalk. 

A  septum  of  a  similar  kind  to  that  described  in  the  medulla  obloiH 
gata  is  found  in  the  mesocephale.  The  fibres  derived  from  the  supe^ 
ficial  layer  of  the  pons  pass  backwards  from  the  median  groove  to 
the  posterior  and  superior  part  of  the  mesocephale. 

Of  the  cerebrum, — The  constitution  of  each  Cfiis  cerebri  may  be 
best  understood  by  examining  a  transverse  section  made  a  little  be- 
yond its  emergence  from  the  mesocephale.  Upon  the  surface  of  such 
a  section  three  planes  of  nervous  matter  may  be  distinctly  observed. 
The  inferior  one  is  composed  of  fibrous  matter,  continuous  below 
with  that  of  the  mesocephale,  and  the  anterior  pyramids,  and  which 
passes  upwards  to  the  corpus  striatum.  Immediately  above  it  is  a 
remarkable  mass  of  a  peculiarly  dark,  almost  black,  matter,  which 
constitutes  the  well-known  locus  niger  of  the  crus  cerebri.  It  con- 
tains large  caudate  vesicles,  abounding  in  pigment,  with  nerve  fibres 
passing  among  them,  or  originating  from  them.  This  black  layer 
does  not  extend  beyond  the  crus.  It  forms  a  partition  between  the 
inferior  or  fibrous  layer,  and  a  superior  one,  which  composes  the 
principal  portion  of  the  crus.  This  consists  of  a  grayish  matter, 
continuous  with  the  central  portion  of  the  medulla  oblongata,  or  the 
olivary  columns,  and  passes  into  the  optic  thalami. 

The  optic  thalamus  and  corpus  striatum  are  large  ganglia  formed 
upon  the  anterior  and  upper  extremity  of  each  crus,  and  with  which 
the  nervous  matter  of  its  upper  and  lower  planes  appears  to  be  inti- 
mately connected.  The  optic  thalamus  is  manifestly  continuous  with 
the  superior  plane,  or  olivary  columns :  its  colour  and  texture  are 
quite  of  the  same  nature  with  those  of  that  plane ;  and  when  a  longi- 
tudinal section  of  it  is  carried  down  through  the  mesocephale  and 
medulla  oblongata,  no  distinction  is  apparent  between  the  ganglion 
and  the  olivary  column,  so  complete  is  the  continuity  of  texture. 
The  colour  of  these  bodies  has  been  not  inaccurately  compared  to  that 
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'  coffee  largely  diluted  with  milk  [cafi  au  lait).  This  arises  from 
e  intermixture  of  vesicular  matter  with  a  very  close  interlacement 
r  fibres. 

m 

The  corpus  striatum  has  a  much  darker  colour  than  the  optic 
lalamus.  When  a  section  of  it  is  made  in  an  oblique  direction, 
pwards  and  outwards,  it  exhibits  the  striated  appearance  whence 
B  name  is  derived.  This  arises  from  the  passage  of  the  fibres  of  the 
iferior  layer  of  the  cms  into  the  vesicular  matter  of  the  ganglion. 
"he  fibres  do  not  at  first  blend  with  the  vesicular  matter,  as  in  the 
lalamus,  but  are  collected  into  bundles,  which  are  large  at  their  en- 
«nce  from  the  crus,  but  subdivide  into  much  smaller  ones,  diverg- 
ig  from  each  other,  and  radiating  through  the  ganglion  in  various 
irections,  upwards,  forwards,  outwards,  and  backwards. 

When  thin  sections  of  the  corpus  striatum  are  examined  by  trans- 
litted  light,  the  smallest  bundles  of  fibres  observable  in  them  appear 
>  consist  of  tubules  reduced  to  their  minutest  dimensions,  and  closely 
Dited  to  each  other.  So  compactly  applied  are  they,  that  very  little 
ght  passes  through  or  between  them.  Hence  they  appear  to  be  dark 
lasses  lying  in  the  substance  of  the  ganglion,  and,  from  their  opa- 
ity,  it  is  very  difficult  to  determine  their  exact  relation  to  the  ele- 
lents  of  the  vesicular  matter.  Many  of  the  bundles,  however, 
ppear  to  us  to  attach  themselves,  at  different  parts  of  the  ganglion, 
s  if  around  a  large  vesicle  of  which,  with  its  nucleus,  we  have 
ometimes  seen  indications  at  one  extremity  of  the  dark  mass  of 
ggregated  fibres.  Other  bundles  of  fibres  appear  to  emerge  from 
le  corpus  striatum,  and  to  contribute  to  form  the  fibrous  matter  of 
ie  hemisphere. 

If  this  view  of  the  structure  of  the  corpus  striatum  be  correct,  it 
ronld  appear,  that  while  a  large  proportion  of  the  fibres  which  con- 
titote  the  inferior  layer  of  the  crus  penetrate  that  ganglion,  many  of 
lem  do  not  pass  beyond  it.  They  may  be  described  as  terminating 
1  it— or,  more  properly,  if  traced  from  above,  as  taking  their  origin 
r  point  of  departure  from  it.  Many  of  the  fibres  which  seem  to 
1S8  from  the  corpus  striatum  into  *the  white  matter  of  the  hemisphere 
re  doubtless  similarly  related  to  the  former  body,  t.  e.,  take  their 
ise  from  the  vesicular  matter,  or,  to  speak  more  exactly,  pass  be- 
veen  the  vesicular  matter  of  the  hemisphere  and  that  of  the  corpus 
triatum.  It  is  also  highly  probable  that  some  fibres  pass  completely 
broagh  the  corpus  striatum. 

Thus,  three  sets  of  fibres  may  be  described  as  existing  in  the  cor- 
ns striatum;  1st,  those  which  below  enter  into  the  formation  of  the 
ms,  and  above  are  connected  with  that  ganglion  ;  2dly,  those  which 
re  connected  inferiorly  with  the  corpus  striatum,  and  above  with 
be  cerebral  convolutions;  and  lastly,  those  which  pass  from  the 
rhite  substance  of  the  hemispheres  through  the  corpus  striatum  to 
lie  crus  cerebri.  And  of  these  three  sets  of  fibres,  the  first  serves 
0  connect  the  corpora  striata  with  the  mesocephale  and  medulla  ob- 
ingata ;  the  second  to  connect  the  cerebral  convolutions  with  the 
orpora  striata;  and  the  third  to  connect  the  convolutions  with  the 
leaocephale  and  medulla  oblongata.    It  must  be  confessed,  however, 
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that  the  evidence  upon  which  the  existence  of  the  third  class  of  fibres 
rests  is  less  satisfactory  than  that  for  the  first  and  second,  although 
most  of  those  anatomists  who  are  contented  with  coarse  dissection 
seem  to  recognize  only  the  third  class. 

The  fibres  of  the  optic  thalamus  are  doubtless,  also,  continuoos 
with  some  of  those  which  form  the  white  matter  of  the  hemispheres; 
and  from  the  intimate  manner  in  which  this  body  is  embraced  by  the 
corpus  striatum,  and  the  close  connection  which  exists  between 
them,  there  can  be  but  little  doubt  that  fibres  pass  from  the  one  to 
the  other. 

Projecting  from  the  external  and  posterior  part  of  each  optic  thala- 
mus, there  are  two  small  gangliform  masses,  similar  in  colour  and  in 
structure  to  that  body.  These  are  the  corpora  gemculata^  externum 
and  internum  (fig.  71,  g*).  Some  fibres  of  the  optic  tracts  appear  to 
form  a  connection  with  them.  By  a  transverse  section  through  either 
geniculate  body  into  the  substance  of  the  thalamus,  the  distinctness 
of  the  former  may  be  demonstrated. 

A  fissure  which  exists  between  the  optic  thalami  is  called  Xhtikhrd 
ventricle.  Its  roof  is  formed  by  the  velum  interpositumj  one  of  the 
principal  internal  processes  of  the  pia  mater.  It  contains  a  bridge 
of  soil  grayish  matter,  extending  from  one  optic  thalamus  to  the 
other.     This  is  called  the  middle  or  soft  commissure. 

The  free  and  continuous  surface  of  the  optic  thalamus  and  corpas 
striatum^  which  projects  into  the  anterior  and  middle  part  of  each 
lateral  ventricle,  is  covered  by  a  delicate  epithelium,  which  is  con- 
tinuous with,  and  of  the  same  nature  as,  that  which  lines  the  whole 
interior  of  the  ventricle.  This  epithelium  is,  probably,  ciliated. 
Beneath  it  we  find  a  layer  of  nucleus-like  particles,  which  also  extend 
over  the  whole  internal  surface  of  the  ventricles. 

The  pineal  body^  or  gland  as  it  has  been  miscalled,  is  placed  im- 
mediately behind  the  posterior  extremity  of  the  third  ventricle.  It 
is  a  cone-shaped  body,  of  a  dark  gray  colour,  intimately  connected 
with  the  deep  surface  of  the  velum  interpositum,  a  process  of  which 
encloses  it  and  adheres  closely  to  it.  It  rests  in  a  groove  between 
the  nates:  its  base  is  turned  forwards  towards  the  third  ventricle, 
and  its  apex  is  directed  downwards  and  backwards.  No  part  of  its 
base  is  contained  in  the  third  ventricle ;  but  it  is  connected  to  the 
inner  surfaces  of  the  thalami  by  some  fibres  which  pass  forwards 
from  each  angle  of  its  base.  These  are  called  the  peduncles  or  Aa- 
benay  of  the  pineal  gland.  A  cord  of  transverse  fibres,  some  of 
which  appear  to  be  continuous  with  the  peduncles,  is  situated  beneath 
the  base  of  the  body;  most  of  these  fibres  are  connected  with  the  pos- 
terior extremity  of  each  thalamus,  and  constitute  what  is  called  the 
posterior  commissure. 

The  pineal  body  consists  principally  of  large  nucleated  vesicles, 
and  contains  some  tubular  fibres.  In  a  cavity  which  is  formed  to- 
wards its  base,  is  contained  a  mass  of  sabulous  matter,  which  is  com- 
posed of  phosphate  and  carbonate  of  lime.  To  this  Soemmering 
gave  the  name  acervulus.  It  is  found  only  in  subjects  after  seven 
years  of  age,  and  is  in  a  great  degree  peculiar  to  the  human  subject. 
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i  structure  of  the  pineal  body  is  very  imperfectly  known;  and 
rii  its  office  has  been  a  theme  for  some  of  the  wildest  specu- 
in  physiological  theories,  we  are  still  utterly  in  the  dark  respect- 

• 

the  Certbral  Hemispheres. — The  hemispheres  of  the  brain  are 
masses,  which  in  man  constitute  by  far  the  largest  portion  of 
icephalon.  All  that  mass  of  nervous  matter  which  is  external 
iperficial  to  the  optic  thalami  and  corpora  striata  constitutes  the 
pheres  properly  so  called.  A  vertical  fissure  separates  the  right 
ift  hemispheres,  which,  although  not  perfectly  symmetrical,  very 
J  resemble  each  other.  This  nssure  contains  the  great  falciform 
s  of  the  dura  mater,  which  thus  forms  a  septum  between  the 
al  hemispheres. 

•en  a  horizontal  section  is  made  through  either  hemisphere,  an 
orface  is  exposed  {centrum  ovale  of  Vieussens),  which  consists 
area  of  white  or  fibrous  matter,  bounded  by  a  waving  margin 
jr.  The  latter  is  about  an  eighth  of  an  inch  in  thickness:  it  is 
3d  on  its  exterior  by  pia  mater,  from  which  innumerable  minute 
s  penetrate  it ;  and  within  it  adheres  intinlately  to  the  white 
',  the  fibres  of  which  extend  into  it,  and  mingle  with  its  ele- 
• 

examining  the  surface  of  a  hemisphere  from  which  the  pia  mater 
\en  stripped,  the  peculiar  folded  arrangement  of  it  is  manifest. 

folds,  commonly  known  as  the  convolutions  of  the  brain,  re- 
e  the  rugae  which  are  produced  in  the  mucous  membrane  of  the 
ch  when  its  muscular  coat  is  very  much  contracted.  They  are 
itly  destined  to  pack  into  a  small  compass  a  large  surface  of 
liar  matter.  A  sulcus  separates  each  convolution  from  the 
bouring  one.  The  gray  matter  is  found  at  the  bottom  of  the 
as  well  as  upon  the  prominences  of  the  folds,  and  its  union 
he  fibrous  matter  takes  place  equally  in  the  one  as  in  the  other 
on.  A  sulcus,  therefore,  contains  the  gray  (vesicular)  and 
(fibrous)  elements  as  distinctly  as  a  fold  or  convolution.  It  is 
At,  that  if  the  surface  of  the  gray  did  not  exceed  that  of  the 

matter,  folds  or  convolutions  would  not  be  necessary,  but  a 

I  expanse  of  the  former  would  suffice  to  cover  the  surface  of  the 

The  convoluted  arrangement  increases  the  vesicular  surface 

immense  extent,  without  occupying  much  additional  space; 
>y  the  prolongation  of  the  fibres,  which  correspond  to  the  con- 
ss  of  the  convolutions,  some  distance  beyond  those  which  pene- 
be  gray  matter  of  the  sulci,  the  fibrous  matter  is  adapted  to  it. 
I  existence  of  convolutions  on  the  surface  of  the  hemispheres 
s  evidence  of  a  large  relative  amount  of  the  dynamic  or  vesicu- 
rvous  matter  in  those  segments  of  the  brain,  and  their  number 
>mplexity  are  a  measure  of  the  extent  to  which  the  vesicular 
e  is  increased.  Of  two  brains,  equal  as  regards  bulk,  and  occu- 
the  same  space,  that  which  has  the  more  numerous  convolutions 
surface  has  the  greater  quantity  of  vesicular  matter,  and  must 
;arded  as  physiologically  the  more  potential, 
emarkable  gradation  is  observable  as  regards  the  number  of  the 
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cerebral  convolutions  from  the  lowest  mammalia  up  to  roan.  Some 
of  the  Rodentia,  Cheiroptera,  and  Insectivora,  occupy  the  lowest 
place ;  and  monkeys,  the  elephant,  and  the  whale,  rank  next  to  Mto, 
in  whom  the  convolutions  reach  their  highest  point  of  developmeat 
In  the  rat,  mole,  &c.,  the  surface  of  the  brain  is  perfectly  smooth; 
and  the  only  tendency  to  complication  which  it  exhibits,  is  to  be 
found  in  the  convolution  of  the  gray  matter  at  the  fissure  of  SylTius. 
The  brains  of  these  animals  resemble,  in  this  respect,  to  a  strikiog 
degree,  those  of  birds,  which  are  equally  destitute  of  all  semblance 
of  a  convolution.  But  in  the  rabbit,  guinea-pig,  beaver,  &c.,  the 
occurrence  of  certain  fissures  on  the  surface  of  the  hemispheres,  and 
the  greater  depth  of  the  fissure  of  Sylvius,  denote  the  first  steps  i& 
the  development  of  convolutions. 

A  further  stage  of  development  is  indicated  by  the  existence  of 
certain  rounded  folds  which  generally  take  a  direct  course  parallel  to 
the  long  axis  of  the  hemispheres.  These  folds  are  but  few  in  number, 
and  quite  simple,  but  may  be  readily  distinguished  from  the  rest  of 
the  cerebral  surface,  by  the  fissures  which  bound  them. 

However  complicated  and  numerous  the  convolutions  of  the  most 
highly  developed  brains  may  be,  it  cannot  be  supposed  that  their  ar- 
rangement is  accidental,  or  has  reference  merely  to  the  space  within 
which  the  brain  is  enclosed.  On  the  contrary,  there  seems  no  doubt 
that  the  position,  size,  and  connection  of  certain  primary  folds  infia- 
ence  mainly  the  number  and  variety  of  those  which  occupy  the  inter- 
vening spaces.  This  interesting  point  has  been  strongly  insisted 
upon  by  M.  Leuret,  who  shows,  by  comparison  of  the  most  completely 
convoluted  brain  with  those  in  which  the  folds  are  few  and  simple, 
that  the  convolutions  of  the  latter,  which  are,  as  it  were,  the  original 
landmarks  in  this  intricate  arrangement  of  the  cerebral  surface,  may 
be  demonstrated  in  each  successive  group  of  brains  which  form  a 
stage  in  the  ascending  series. 

Taking  the  brain  of  the  fox  as  the  standard  of  comparison,  M. 
Leuret*  describes  in  it  six  obvious  convolutions,  prominently  marked 
on  the  surface  of  its  hemispheres.  Four  of  these  are  external^  the 
uppermost  of  which  occupies  also  the  principal  portion  of  the  supe- 
rior surface;  one  is  internal^  and  situate  immediately  above  and 
parallel  to  the  corpus  callosum  ;  while  the  sixth  is  on  the  inferior 
surface  of  the  anterior  lobe,  and  rests  upon  the  orbit,  whence  it  is 
named  supra- orbitar.  Of  the  four  external,  the  inferior  one  bounds 
the  fissure  of  Sylvius  above,  in  front,  and  behind :  and  its  relation  to 
that  fissure  enables  the  observer  to  distinguish  it  very  readily.  The 
three  remaining  ones,  curved  similarly  and  parallel  to  the  first,  and 
to  each  other,  occupy  the  remainder  of  the  external,  and,  in  part,  the 
superior  surface  of  the  hemisphere. 

M.  Leuret  distinctly  traces  these  convolutions  in  other  groups  of 
animals  in  which  the  general  organization  of  the  brain  has  manifest- 
ly acquired  a  considerable  increase.     Some  of  them,  however,  are 

•  Professor  Owen  has  pursued  the  same  subject  extensively,  and  has  given  his 
results  in  his  lectures  at  the  Hoyal  College  of  Surgeons ;  but  we  believe  these  have 
not  yet  been  published. 
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isored,  or  exhibit  a  tortuous  appearance;  or  oiie  or  more  small 
lids  unite  neighbouring  convolutions  at  one  or  more  points ;  or  a 
Kure  may  be  of  such  depth  as  to  divide  a  convolution  at  one  ex- 
vmity  into  two,  either  or  both  of  which  may  form  a  junction  with 
thers.  Thus,  from  a  few  primary  or  fundamental  convolutions,  a 
ighly  complicated  surface  of  the  brain  may  be  formed,  by  their 
lodivision,  by  their  tortuosity,  and  by  their  junction  at  various 
oints,  through  the  intervention  of  straight  or  tortuous  secondary 
lids. 

lo  some  animals,  however,  the  primary  convolutions  may  even  be 
sss  numerous  than  those  above  mentioned  ;  and  yet  the  surface  of 
le  brain  may  appear  more  complex,  owing  to  the  tortuosity  of  those 
rhich  do  exist,  and  their  subdivision  into,  or  junction  with,  numerous 
econdary  folds.  This  is  the  case  in  that  group  of  which  the  sheep 
>nns  the  type.  There  are  but  two  primary  convolutions  on  the  ex- 
^mal  surface,  one  of  which  corresponds  to  that  of  the  fissure  of 
lylvius  in  the  fox,  the  other  to  the  one  immediately  above  it ;  and 
lere  are  the  internal  convolution  and  the  supra-orbitar  one,  making 
1  all  only  four  primary  convolutions.  Yet  the  surface  of  the  sheep's 
rain  exhibits  a  much  greater  number  of  folds  than  that  of  the  fox. 

On  the  other  hand,  when  the  brain  has  acquired  an  enormous 
icrease  of  size,  as  in  the  elephant  and  in  man,  new  convolutions 
eem  to  be  added  to  the  primary  ones  met  with  in  inferior  groups,  and 
lie  secondary  folds  are  greatly  increased  in  number.  The  additional 
onvoiutions  are  found  chiefly  at  the  superior  and  anterior  part  of  the 
emisphere. 

In  the  human  brain  the  following  convolutions  are  constantly  pre- 
ent,  and  resemble  the  primitive  ones,  which  have  been  already 
eferred  to  in  the  brains  of  the  inferior  animals.  The  intemnl  one  is 
Iways  well  marked ;  it  lies  parallel  to  the  corpus  callosum,  overlap- 
ing  it  slightly  on  either  side.  In  front  it  winds  round  the  anterior 
largin  of  the  corpus  callosum,  and  is  connected  with  the  convolu- 
ions  of  the  anterior  lobe  ;  posteriorly  it  divides,  appears  to  be  con- 
innous  with  some  posterior  convolutions,  and  passes  into  the  middle 
obe  forming  the  hippocampus  major.  Numerous  small  folds  pass 
nom  its  upper  edge  to  the  superior  convolutions.  The  supra-orbitar 
onvolution  is  well  developed,  and  bears  a  constant  relation  to  the 
issure  for  the  olfactory  process.  The  fissure  of  Sylvius  is  bounded 
J  a  tortuous  external  convolution,  which  forms  numerous  connections 
rith  others  on  the  external  surface  of  the  brain.  In  this  fissure  is 
(Hind  constantly  a  group  of  shallow  convolutions,  which  form  what 
lis  been  called  by  Reil  the  island,  insula^  from  their  isolated  position, 
living  only  deep-seated  connections  in  the  vicinity  of  the  corpus 
triatum.  Some  longitudinal  convolutions  are  found  on  the  superior 
ind  on  the  inner  surfaces  of  the  hemispheres,  uniting  with  neigh- 
K)aring  ones  by  means  of  numerous  transverse  folds. 

According  to  Leuret,  that  only  can  be  properly  called  a  convolu- 
ion  which  is  primary  ;  and  these,  for  the  most  part,  take  a  direction 
n  the  length  of  the  brain.  Those  which  form  angles  with  the  pri- 
oary  convolutions  are,  in  his  estimation,  mere  folds  derived  from 
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them,  and  connecting  them  to  others.  When  the  convolutions  are 
very  highly  developed,  as  in  man  and  the  elephant,  their  numeroui 
undulations  obscure  in  a  great  degree  their  real  -direction.  Henee 
many  of  the  primary  convolutions  in  the  human  brain  seem  to  take 
a  vertical  direction. 

There  are,  however,  other  differences  in  the  convolutions,  whether 
of  the  brains  of  the  same  or  of  different  groups,  besides  those  depend- 
ent on  form  and  degree  of  undulation.  These  are  referable  to  their 
depth  and  their  thickness.  Animals,  even  of  the  same  group,  or  of 
the  same  species,  exhibit  much  variety  with  respect  to  these  points. 
The  wolf  has  precisely  the  same  convolutions  as  the  fox  ;  but  those 
of  the  former  are  deeper,  and  thicker,  as  well  as  more  undulating 
than  those  of  the  latter.  Much  difierence  is  also  observable  in  these 
respects  in  the  human  brain.  The  convolutions  of  the  female  brain 
are  not  so  deep  nor  so  thick  as  those  of  the  male.  Age,  too,  causes 
a  marked  difference.  The  convolutions  of  the  child  just  bom, 
besides  being  much  more  simple,  and  having  fewer  undulations,  are 
less  deep  and  less  thick  than  those  of  the  adult ;  and  in  old  age,  when 
the  brain  has  shrunk,  the  mental  faculties  being  less  vigorous  and 
active,  the  convolutions  have  become  much  smaller  in  ever}'  dimen- 
sion, and  water  is  apt  to  accumulate  in  the  intergyral  spaces. 

In  man,  the  convolutions  of  the  right  and  left  hemispheres  do  not 
present  a  perfect  symmetry.  It  is  important,  however,  to  notice,  that 
careful  examination  will  invariably  display  the  same  essential  con- 
volutions on  each  side,  although  they  present  such  striking  difierences 
in  detail  that  it  is  at  times  difficult  to  recognize  the  likeness ;  and  it 
is  not  a  little  remarkable,  that,  in  general,  the  lower  the  development 
of  a  brain,  the  more  exact  wmU  be  the  symmetry  of  its  convolutions. 
Thus  the  brains  of  all  the  inferior  mammalia,  even  of  those  which 
make  the  nearest  approach  to  man,  are  exactly  symmetrical.  The 
imperfectly  developed  brain  of  the  child  exhibits  a  similar  symmetry; 
and  that  of  the  inferior  races  of  mankind,  in  whom  the  neglect  of 
mental  culture,  and  habits  approaching  those  of  the  brute,  are  opposed 
to  the  growth  of  the  brain,  also  presents  a  symmetrical  disposition  of 
the  convolutions. 

A  convolution  consists  of  a  fold  of  the  gray,  or  vesicular  matter, 
enclosing  a  process  of  the  fibrous.  The  gray  matter  of  neighbouring 
convolutions  is  obviously  continuous  throughout  at  the  bottoms  of  the 
sulci,  so  that  it  forms  one  unbroken  although  undulating  sheet  over 
the  whole  convoluted  surface  of  the  brain.  That  portion  of  the  gray 
layer  which  is  in  contact  with  the  pia  mater  is  purely  vesicular,  i.  e., 
unmixed  with  nerve-tubes,  with  the  exception  of  a  few  stray  ones  on 
the  surface;  but  blood-vessels  penetrate  it  in  very  great  numbers. 
The  more  deeply  seated  portion,  however,  contains  very  numerous 
tubular  fibres,  which  become  larger  as  they  approach  the  white  matter. 
It  is  very  plain,  that  a  large  proportion  of  the  constituent  fibres  of  the 
white  matter  of  the  convolutions  penetrate  the  gray  matter:  these 
appear  to  enter  it  more  or  less  at  right  angles  to  that  portion  of  the 
gray  surface  with  which  they  are  more  immediately  in  relation  ;  and, 
on  the  other  hand,  they  converge  inwards  towards  the  central  parts  of 
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I  braio,  the  corpora  striata  and  optic  thalami.  A  large  proportion, 
srefore,  of  the  white  substance  of  the  hemispheres,  the  centrum 
lUf  consists  of  fibres  which  establish  a  communication  between  the 

17  undulating  surface  and  these  central  gangliform  bodies. 

We  are  unable,  however,  to  state  that  all  the  fibres  of  the  con- 
lutions  take  this  inward  direction.  Some  of  them,  it  has  been 
lerted,  pass  from  convolution  to  convolution,  uniting  those  imme- 
iteij  adjacent,  as  well  as  the  more  remote.  Such  fibres,  did  they 
isl,  would  pass  at  right  angles  to  those  above  described,  and  parallel 
the  gray  surface.  They  would  constitute  intergyral  commissures. 
It  the  existence  of  such  a  series  of  fibres  rests  on  a  foundation  too 
certain  to  warrant  us  in  speaking  confidently  respecting  it.  When 
brain  which  has  been  hardened  by  long  immersion  in  alcohol  is 
rn  along  the  surface  of  the  convolutions,  the  torn  surfaces  take  on 
Bbrous  appearance.  But  nothing  of  the  kind  can  be  shown  in  the 
!sh  brain,  in  which  the  direction  of  the  fibres  which  converge  to 
e  corpora  striata  may  be  as  easily  demonstrated  as  upon  the  hardened 
e. 

The  gray  matter  of  the  convolutions  does  not  exhibit  a  uniform 
lour  throughout  its  entire  thickness.  Much  depends,  as  regards 
e  depth  of  colour  of  the  whole  layer,  upon  the  quantity  of  blood 
its  vessels.  Compare  the  gray  matter  of  an  anaemic  brain  with 
It  of  a  healthy  one,  or,  still  more,  of  a  congested  one,  and  the 
lerence  cannot  fail  to  strike  the  most  superficial  observer.  The 
teraal  portion  has  the  darkest  colour,  and  the  internal  in  general 
s  lightest.  In  some  convolutions,  however,  the  intermediate  layer 
white,  and  appears  on  the  section  like  a  white  line  separating  the 
ler  from  the  outer  layers.  This  is  very  obvious  in  the  convolutions 
miog  the  exterior  of  the  descending  horn  of  the  lateral  ventricles. 
lis  white  layer  contains  fine  nucleus-like  particles,  similar  to  those 
lich  form  the  intermediate  layer  of  the  gray  matter  of  the  cerebellum ; 
»>incidence  of  structure  between  certain  convolutions  of  the  brain, 
d  the  gray  matter  of  the  cerebellum,  which,  doubtless,  is  not  with- 
t  some  physiological  significance. 

Certain  systems  of  fibres  exist  in  the  cerebrum,  which  seem  very 
idently  to  unite  portions  of  the  same,  or  of  opposite  hemispheres, 
le  roost  obvious  of  these  commissures  are,  the  corpus  callosumj  the 
ferior  commissure^  the  posterior  commissure^  the  soft  commissure,  the 
nertor  longitudinal  commissure,  and  the  fornix.  All,  except  the 
0  last,  are  transverse,  and  unite  parts  of  the  hemispheres  of  opposite 
les. 

The  corpus  callosum  is  a  thick  stratum  of  transverse  fibres,  bent  at 
anterior  and  posterior  extremities,  situate  between  the  hemispheres, 
d  forming  a  floor  to  a  portion  of  the  great  median  fissure  which 
nmites  them.  Its  fibrous  structure  is  very  apparent  to  the  naked 
?,  the  fibres  being  collected  in  coarse  bundles.  On  each  side  it 
netrates  into  the  hemisphere,  under  cover  of  the  internal  convolu- 
D  already  mentioned,  which  overhangs  it  in  its  entire  length.     It 

18  connects  the  anterior,  middle,  and  part  of  the  posterior  lobes  of 
*h  hemisphere;  at  least,  its  fibres  penetrate  the. hemispheres  at  these 
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parts.  Foville  describes  the  fibres  of  this  commissure  as  being  d^ 
rived  partly  from  the  posterior  columns  of  the  medulla  oblongati, 
from  the  optic  thalami,  from  the  corpora  striata,  and,  lastlji  from  the 
fibrous  matter  of  the  hemispheres;  and  although  the  demonstratiofl  of 
these  numerous  sources  of  origin  of  these  fibres  is  attended  vitk 
much  difficulty,  it  nevertheless  seems  highly  probable  that  the  Dame 
rous  fibres,  of  which  so  extensive  a  stratum  is  formed,  would  dcrire 
their  origin  from  several  sources. 

The  corpus  callosum  is  crossed  from  before  backwards  along  tk 
median  line  by  two  stripes  of  longitudinal  fibres,  which,  althoogh 
easily  separable,  generally  lie  in  close  apposition  with  each  other  and 
form  a  kind  of  raphe,  dividing  the  upper  surface  of  the  corpus  callo- 
sum into  two  equal  and  symmetrical  portions.  These  fibres  seem  to 
be  commissural  in  their  office. 

The  anterior  commissure  is  a  remarkable  bundle  of  transverse  fibia; 
which  passes  from  one  hemisphere  to  the  other.  It  is  in  its  centre 
a  cylinder  of  fibrous  matter,  a  little  thicker  than  a  crowquill,  bit 
becoming  very  much  flattened  and  expanded  at  its  extremities.  Its 
central  part  is  seen  at  the  anterior  extremity  of  the  third  ventricle,  in 
front  of  the  anterior  pillars  of  the  fornix,  crossing,  from  side  to  side, 
quite  free,  and  unconnected  with  nervous  matter.  It  plunges  w 
either  side  into  the  anterior  extremity  of  the  corpus  striatum,  tod, 
passing  through  it,  its  fibres  diverge  and  spread  out  into  the  white 
matter  at  the  floor  of  the  Sylvian  fissure,  and  near  the  anterior  per- 
forated space. 

The  posterior  commissure  crosses  the  posterior  extremity  of  the 
third  ventricle,  and  passes  transversely  between  the  optic  thalami. 
It  is  a  slender  cylinder  of  fibrous  matter,  which  lies  immediately 
above  the  anterior  orifice  of  the  aqueduct  of  Sylvius.  On  each  side 
it  seems  to  sink  into  the  posterior  part  of  the  optic  thalamus.  The 
base  of  the  pineal  body  rests  upon  it,  and  is  connected  with  it  by 
fibrous  matter,  which  is  continuous  with  the  peduncles. 

The  sojl  commissure  is  a  soft  pale-gray  layer  consisting  of  vesicular 
matter  with  nerve  tubes,  which  stretches  from  one  optic  thalamus  to  the 
other,  having  no  other  connection,  and  being  free  on  its  upper  as  well 
as  its  under  surface.  This  layer,  thus  extended  horizontally  between 
the  thalami,  divides  the  third  ventricle  into  a  superior  and  an  inferior 
portion.  As  it  comprises  vesicular  matter,  it  is  not  a  commissure  in 
the  same  sense  as  the  others,  which  contain  none. 

The  superior  longitudinal  commissure  is  enclosed  in  the  internal 
convolution  overhanging  the  corpus  callosum.  Posteriorly  it  passes 
over  the  posterior  border  of  the  corpus  callosum,  to  the  under  part  of 
the  middle  lobe,  where  it  is  chiefly  connected  with  the  hippocampus 
major.  Anteriorly  it  winds  over  the  front  border  of  the  corpus  callo- 
sum to  join  the  lower  convolutions  of  the  anterior  lobe  in  front  of  the 
fissure  of  Sylvius.  Thus  it  takes  a  course  similar  to  that  of  the  fornix, 
though  more  extensive  and  superficial. 

The  fornix  or  vault  is  the  most  extensive,  and  in  every  way  the 
most  remarkable  of  the  cerebral  commissures.  It  is  placed  imme- 
diately beneath  the  corpus  callosum,  with  the  posterior  half  of  which 
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is  intimately  connected,  and  from  which  it  is  with  difficulty  sepa- 
ted.  A  pnncipal  portion  of  the  fornix  consists  of  a  horizontal 
mella  of  fibrous  matter,  parallel  to  the  corpus  callosum,  of  a  triah- 
ilar  shape,  with  the  apex  forwards  [corpus  Jbrnicis).  The  base  is 
iclosed  by  the  posterior  reflection  of  the  corpus  callosum,  the  termi- 
il  transverse  fibres  of  which  are  seen  on  its  inferior  surface,  forming 
le  appearance  which  has  been  designated  lyra. 

The  fornix  may  be  divided  along  the  middle  line  into  two  equal 
id  symmetrical  portions,  one  belonging  to  each  hemisphere.  Suf- 
sient  indication  ef  its  double  form  is  evinced  by  the  prolongation 
om  its  apex  of  two  cylindrical  cords,  which  curve  forwards  and 
vwnwards,  then  backwards,  with  their  convexities  touching  the 
nsterior  border  of  the  anterior  commissure.  These  are  the  anterior 
'ibtrs  of  the  fornix.  In  their  descent  they  diverge  slightly  from 
leh  other,  leaving  an  interval  between  them,  through  which  the 
iterior  commissure  appears.  These  pillars  form  the  anterior  boundary 
lAeJbramen  commune  anterius^  through  which  the  lateral  ventricles 
Mnmunicate  with  the  third,  and  with  each  other. 

Each  anterior  pillar  of  the  fornix  in  its  descent  penetrates  the  an- 
tior  and  inner  part  of  the  optic  thalamus.  Here  it  is  surrounded 
J  vesicular  matter,  which  may  be  readily  scraped  away  from  it. 
omerous  striae  of  fibrous  matter  join  the  pillar  as  it  passes  through 
le  vesicular  matter ;  their  constituent  fibres,  doubtless,  being  derived 
om  the  thalamus.  Finally,  each  pillar  ternHnates  in  a  small  spheri- 
il  body  at  the  base  of  the  brain.  These  bodies  called  corpora 
mwUlaria^  are  white  outside,  but  when  cut  into,  exhibit  a  reddish- 
ra?  colour,  like  that  of  the  optic  thalami.  They  contain  nerve-tubes 
id  vesicular  matter  in  considerable  quantity,  and  therefore  resemble 
mglia  in  structure.  A  considerable  fasciculus  of  fibres  connects 
ich  mamillary  body  with  the  optic  thalamus. 

From  each  angle  of  the  base  of  the  fornix  a  broad  band  of  fibrous 
litter  passes  outwards,  and  spreads  partly  into  the  posterior  horn  of 
le  lateral  ventricle,  and  partly  into  its  descending  horn.  These 
inds  constitute  the  posterior  pillars  of  the  fornix.  They  connect 
lemselves  with  certain  convolutions  which  project  into  the  posterior 
id  inferior  cornua  of  the  lateral  ventricles ;  in  the  latter  with  the 
ppocampus  minor,  and  in  the  former  with  the  hippocampus  major. 

The  fornix  consists  of  longitudinal  fibres,  unmixed  with  vesicular 
ittter,  save  in  the  optic  thalami  and  corpora  mamillaria.  The  supe- 
or  surface  of  the  body  of  the  fornix  is  connected  to  the  inferior 
irfince  of  the  corpus  callosum,  at  its  base  apparently  by  the  direct 
Ihesion  of  the  fibres  of  the  two  planes,  but  towards  its  apex  by 
€  septum  lucidumj  which  extends  vertically  from  the  middle  line  of 
le  inferior  surface  of  the  corpus  callosum  to  that  of  the  superior 
irfkce  of  the  fornix. 

From  the  great  extent  of  the  fornix,  and  the  numerous  connections 
hich  its  pillars  form,  it  is  plain  that  it  must  serve  as  a  commissure 

many  and  distant  parts.  Each  half  of  it  is  a  longitudinal  or  antero- 
>sterior  commissure  for  the  hemisphere  of  its  own  side.  It  is  not 
iprobable  that  some  of  the  convolutions  contain  antero-posterior 
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commissures  for  the  superficial  part  of  the  hemisphere ;  such  is  cer- 
tainly the  case  with  the  longitudinal  convolution  above  the  corpi 
callosum.  The  fornix,  however,  connects  deep-seated  parCS|ftrit 
passes  between  the  optic  thalamus  and  the  deep  convolations  of  ik 
posterior  and  middle  lobes. 

The  septum  lucidum  consists  of  two  layers  of  fibrous  matter,  wUtk 
enclose  a  space  or  cavity  called  the  Jijlh  ventricle.  The  fibres  of  ikii 
layer  radiate  upwards  and  forwards,  and  connect  the  anterior  piDn 
of  the  fornix  with  the  corpus  callosum.  Each  fibrous  layer  is  coTCicd 
on  its  outside  by  a  layer  of  nuclear  particles,  which  again  is  corered 
by  the  membrane  of  the  lateral  ventricle. 

A  band  of  fibrous  matter,  which  belongs  to  the  same  system  of 
commissural  fibres  as  the  fornix,  is  found,  on  each  side,  in  the  srooie 
between  the  corpus  striatum  and  optic  thalamus.  This  is  called  teM 
semicircularis.  It  may  be  described  as  connected  with  the  coipa 
mamillare,  in  much  the  same  way  as  the  anterior  pillar  of  the  forail. 
Traced  from  this  point,  it  is  found  to  penetrate  the  optic  thalftDOi, 
following  the  general  course  of  the  anterior  pillar  of  the  fornix,  bit 
slightly  diverging  from  it,  and  to  emerge  from  the  thalamus  in  tk 
anterior  part  of  the  groove  between  it  and  the  corpus  striatum,  whence 
it  passes  backwards,  outwards,  and  downwards  into  the  inferior  com 
of  the  lateral  ventricle. 

Other  structures  exist  in  the  brain,  which  seem  likewise  to  tctii 
commissures  to  the  p^rts  between  which  they  are  placed.  Thss, 
between  the  crura  cerebri  a  layer  of  fibrous  matter,  mingled  withi 
few  vesicles,  is  placed,  which  fills  up  the  angle  formed  at  their  diverg- 
ence; this  layer  is  remarkable  for  being  perforated  by  numerooi 
foramina,  which  give  passage  to  the  blood-vessels  of  the  locus  niger. 
It  is  called  the  pons  Tarini ;  it  probably  connects  the  gray  matter  of 
the  crura. 

The  innermost  fibres  of  the  optic  tracts  are  evidently  commissural 
These  fibres  form  an  arch,  which  crosses  the  tuber  cinereum.  In 
the  mole,  they  are  the  only  fibres  of  the  optic  tracts  existing:  those 
which  form  the  optic  nerves  are  not  present.  These  fibres  connect 
the  quadrigeminal  tubercles  and  the  geniculate  bodies  of  opposite 
sides. 

The  tuber  cinereum  is  a  remarkable  layer  of  vesicular  matter,  vith 
which  nerve-tubes  freely  intermingle,  which  extends  from  the  ma- 
millary bodies  forwards  to  the  posterior  reflection  of  the  corpus 
callosum,  and  has  intimate  connections  with  the  anterior  pillars  of 
the  fornix,  the  optic  tracts,  the  septum  lucidum,  and,  at  the  floor  of 
the  third  ventricle,  with  the  optic  thalami.  An  infundibuliform  tube 
passes  from  it  down  towards  the  pituitary  gland,  which  is  situate  in 
the  sella  Turcica. 

It  is  curious  how  few  are  the  fibres  which  seem  to  connect  the 
cerebrum  and  cerebellum.  The  only  ones  to  which  this  office  can  be 
assigned  are  those  which  form  the  processus  cerebelli  ad  testes. 
Hence  these  structures  may  more  filly  be  denominated  cerebro-cere* 
bellar  commissures.  They  extend  between  the  cerebellum  on  the  one 
hand,  and  the  optic  tubercles  and  thalami  on  the  other. 
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K  the  manner  in  which  the  commissures  connect  the  yarioas  parts 
ween  which  they  are  placed,  it  is  difficult  to  form  an  exact  opinion. 
»  fhe  commissaral  fibres  directly  continuous  with  those  of  the  seg- 
iits  which  they  unite  ?  or  do  they  intermingle  or  interlace  with 
m  in  some  intricate  way,  so  that  they  may  come  into  intimate  or 
(juent  contact?  Or,  do  they,  like  other  fibres,  blend  with*  the  gray 
Her,  and  thus  connect  the  really  dynamic  portion  of  the  segments? 
is  latter  view  seems  to  be  the  most  probable. 
TbepUuUary  body  or  hypophysis  is  a  glandiform  mass  lodged  in  the 
la  Turcica,  and  surrounded  by  the  coronary  sinus.  It  is  connected 
til  the  brain  by  the  infundibular  process,  the  small  extremity  of 
lieh  is  attached  to  its  superior  concave  surface. 
Ilfis  body  consists  of  two  lobes,  of  which  the  ai\^erior  is  much  the 
gier;  and  which  also  differ  in  point  of  colour,  the  anterior  being 
a  yellowish  gray,  the  posterior  more  similar  to  the  gray  matter  of 
i  brain.  The  former  is  considerably  denser  and  firmer  than  the 
ber,  which  does  not  differ  in  consistence  from  the  cerebral  gray 
Iter.  The  infundibulum  is  chiefly  connected  with  the  posterior 
m. 

In  point  of  structure  this  body  resembles  somewhat  the  vesicular 
iter  of  the  brain.  We  find  in  it  large  vesicles  with  distinct  nuclei 
d  nucleoli  lodged  in  a  granular  matrix,  and  between  them  numerous 
adles  of  white  fibrous  tissue.  These  are  most  numerous  in  the 
lerior  lobe.     Its  use  is  quite  unknown. 

Of  the  Ventricles  of  the  Brain, — By  the  apposition  of  the  two 
■ispheres  of  the  brain  along  the  median  plane,  a  fissure-like  space 
enclosed  beneath  the  corpus  callosum  and  fornix,  limited  in  front 
the  anterior  pillars  of  the  latter,  and  behind  by  the  posterior  com- 
anire;  this  is  the  middle  or  third  ventricle.  This  fissure  is  closed 
Swiorly  by  the  pons  Tarini,  mamillary  tubercles,  and  tuber  cinereum ; 
roof  is  formed  by  the  velum  interpositum^  a  process  of  pia  mater, 
lich  separates  it  from  the  body  of  the  fornix.  It  communicates 
iteriorly  with  the  fourth  ventricle  through  the  aqueduct  of  Sylvius 
IT  a  terOo  ad  quartum  ventriculum)^  and  immediately  behind  the 
lerior  pillars  of  the  fornix  it  freely  opens  into  each  lateral  ventricle. 
:  the  same  situation  the  velum  interpositum  and  the  choroid  plexuses 
Dmunicate  with  each  other.  The  optic  thalami  form  the  lateral 
ondaries  of  the  third  ventricle,  and  its  cavity  is  crossed  by  the  soft 
■missure. 

The  lateral  ventricles  result  from  the  folding  of  the  convoluted 
rface  inwards  and  downwards.  By  their  extension  inwards,  and 
At  junction  along  the  median  line  by  the  corpus  callosum,  the 
rizontal  portion  of  each  ventricle  is  enclosed ;  and  by  the  folding 
rards  of  the  inferior  convolutions,  posterior  to  the  fissure  of  Sylvius, 
i  inferior  horn  is  formed.  The  horizontal  portion  extends  into  the 
terior  lobe  {anterior  or  frontal  hom)^  and  into  the  posterior  lobe 
fsierior  or  occipital  horn).  The  central  part  of  the  horizontal  por- 
D  is  separated  from  the  third  ventricle  by  the  body  of  the  fornix. 
this  portion  of  the  ventricle  are  seen  the  upper  surfaces  of  the  corpus 
iatom  and  optic  thalamus,  with  the  taenia  semicircularis  between 
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them,  covered  by  the  lamina  cornea.  The  thalamus  is  parti;  cos* 
cealed  by  the  choroid  plexus.  The  descending  or  inferior  hon 
{sphenoidal  horn)  communicates  with  the  body  of  the  ventricle  jniC 
behind  the  corpus  striatum,  and  from  that  point  passes  downwardi 
and  outwards,  and  then  forwards  and  inwards.  It  contains  a  re- 
markable convolution,  the  hippocampus  majors  which  projects  into  it, 
and  is  a  continuation  of  that  enclosing  the  superior  longitudinal  cob- 
missure ;  this  is  covered  by  an  expansion  of  fibrous  matter  continuou 
with  the  posterior  pillars  of  the  fornix.  The  posterior  horn  contain 
a  similar  but  smaller  convolution,  called  hippocampus  minor. 

The  inferior  horn  of  the  lateral  ventricle  contains  a  considerable 
portion  of  the  choroid  plexus.  This  enters  at  its  inferior  extremitj 
between  the  hippocampus  major  and  the  crus  cerebri,  and  passes 
upwards  into  the  horizontal  portion  of  the  ventricle. 

The  fourth  and  ihejiflh  ventricles  have  been  already  described. 

All  the  ventricles  are  lined  by  a  very  delicate  membrane,  similir 
in  structure  to  serous  membrane.  It  is  covered  by  a  fine  epithelium 
consisting  of  polygonal  scales,  and  provided  with  cilia,  which  weie 
first  observed  by  Purkinje  and  Valentin.  This  epithelium  is  fouod 
covering  the  surface  not  only  of  the  wall  of  the  ventricle,  but  also  of 
the  pia  mater  within  it,  the  choroid  plexuses,  and  the  deep  surface  of 
the  velum  interpositum.  It  is  by  means  of  the  reflection  of  this 
membrane  upon  the  intraventricular  processes  of  pia  mater  that  the 
ventricles  are  closed  at  those  points  where  nervous  matter  does  oot 
exist,  such  as  the  inferior  cornua  of  the  lateral  ventricles,  and  the 
inferior  extremity  of  the  fourth  ventricle.  There  is,  therefore,  no 
direct  communication  of  these  cavities  at  these  points  with  the  sub- 
arachnoid space;  and,  if  fluid  pass  from  one  to  the  other,  it  must  be 
by  filtration  through  the  delicate  ventricular  membrane. 

In  a  state  of  health  there  is  little  or  no  fluid  in  the  lateral  or  other 
ventricles  of  the  brain.  Their  inner  surfaces  are  doubtless  in  contact, 
but  lubricated  with  a  moisture,  as  all  serous  surfaces  are.  When 
fluid  is  found  in  them,  it  results  either  from  changes  which  take  place 
after  death,  or  from  some  morbid  process  during  life.  A  state  of 
anaemia,  or  an  impoverished  condition  of  the  blood,  in  which  its 
colouring  matter  and  its  fibrinc  are  found  in  small  quantity,  is  very 
favourable  to  the  effusion  of  fluid  into  the  ventricles. 

It  may  serve,  in  some  degree,  to  convey  a  clearer  general  idea  of 
the  anatomy  of  the  brain,  if,  in  conclusion,  we  explain  the  course 
which  the  nervous  force  might,  and  probably  does  follow,  when 
developed  in  any  particular  segment  of  this  complex  organ. 

If  we  suppose  the  source  of  power  to  be  the  convolutions  on  either 
side,  the  nervous  force  would  be  propagated  by  the  fibres  of  the 
hemisphere  to  the  vesicular  matter  of  the  corpus  striatum ;  from  which 
it  would  pass  along  the  fibres  of  the  inferior  layer  of  the  crus  cerebri, 
through  the  mesocephale,  to  the  anterior  pyramids  of  the  medulla 
oblongata;  along  which  it  would  be  conveyed  to  the  opposite  half  of 
the  spinal  cord,  exciting  the  nerves  which  spring  from  that  segment. 
Supposing  this  to  be  the  route  in  which  the  impulse  of  volition  is 
propagated  to  the  muscles,  it  becomes  very  easy  to  understand  why  a 
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tete  of  paralysis  must  ensue,  when  an  apoplectic  clot,  or  other  morbid 
leposit  in  any  part  of  the  course  above  described,  compresses  or 
'Optures  the  fibres,  or  when  a  state  of  softening  destroys  their  vital 
lowers,  or  causes  a  solution  of  their  continuity.  If  the  seat  of  disease 
le  in  the  white  matter,  the  channels  along  which  the  nervous  power 
lavels  will  be  interrupted ;  if  it  be  in  the  gray  matter,  the  sources  of 
lerrous  power  are  impaired.  In  all  cases  the  extent  of  the  paralysis 
vill  be  proportioned  to  that  of  the  lesion,  and  for  the  most  obvious 


If  the  cerebellum  be  the  source  of  power,  the  nervous  force  will 
tn?el  from  either  hemisphere  along  the  fibres  of  the  crus,  and  by  those 
tf  the  restiform  body  to  the  spinal  cord,  and  from  the  continuity  of 
tke  former  with  the  posterior  column  of  the  latter  it  is  probable  that 
Ibis  column  would  be  more  immediately  excited. 

So  little  is  known  of  the  precise  channels  through  which  impressions 
created  at  the  periphery  are  propagated  in  the  central  organ,  that  we 
ean  hardly  do  more  than  speculate  on  the  subject.  We  may,  how- 
ever, fairly  conclude,  that  those  segments  with  which  nerves  admitted 
to  be  sensitive  are  in  close  connection,  must  be  instrumental  in  the 
propagation  of  the  nervous  power,  when  excited  by  sensitive  impres- 
nons ;  and  hence  we  are  led  to  assign  to  the  olivary  columns  of  the 
nedulla  oblongata,  and  their  continuations  in  the  mesocephale,  with 
tke  optic  tubercles  and  the  thalami,  a  considerable  share  in  this  office, 
iaasmuch  as  the  auditory,  the  fifth,  and  the  optic  nerves,  are  intimately 
GOnnected  with  them.  And  admitting,  for  the  present,  that  the  hemi- 
qriieres  are  the  common  centre  of  sensitive  impressions,  it  is  easy  to 
uderstand  how  nervous  power,  excited  by  the  impulse  of  sound  upon 
die  ear,  for  example,  may  be  propagated  along  the  auditory  nerves  to 
die  olivary  columns  in  the  fourth  ventricle,  and  thence  to  the  optic 
tlialami,  in  which  are  found  many  fibres  which  are  continuous  with 
dK>se  of  the  hemispheres,  and  capable  of  propagating  the  nervous 
face  to  the  convolutions. 

To  this  it  may,  however,  be  objected,  that  perfect  sensation  is  fre- 
quently co-existent  with  a  cerebral  lesion,  sufficient  to  produce  very 
complete  paralysis  of  motion,  and  that  an  enduring  paralysis  of  sensa- 
tion is  a  rare  accompaniment  of  cerebral  disease.  But  such  facts  do 
not  so  much  militate  against  these  views,  as  they  serve  to  denote  that 
the  channels  of  sensation  are  more  numerous  than  those  of  motion  ; 
and  that,  if  one  route  be  interrupted,  another  is  easily  opened.  It 
may  be,  that  the  commissures  are  valuable  instruments  for  this  pur- 
pose; and  it  is  highly  worthy  of  notice,  that  no  segment  of  the  cere- 
brom  has  so  many  commissures  either  with  the  opposite  or  its  own 
side,  as  the  optic  thalamus. 

It  should  be  borne  in  mind  that  the  foregoing  remarks  are  partly 
conjectural,  and  that  they  are  introduced  rather  as  a  convenient 
form  of  illustration,  than  as  implying  more  than  a  probability  of  their 
general  correctness  and  accordance  with  the  best  established  views. 

Of  the  Circulation  in  the  Brain. — An  organ  of  such  great  size,  of 
locb  high  vital  endowments,  so  active,  and  which  exerts  so  consider- 
able an  influence  upon  all  other  parts  of  the  body,  must  necessarily 
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require  a  large  supply  of  the  vital  fluid.  Hence  \ce  find  that  the 
blood-vessels  of  the  brain  are  numerous  and  capacious.  Four  lame 
arteries  carry  blood  to  it;  namely,  the  two  internal  carotidi,  and  the 
two  vertebrals.  Each  carotid  penetrates  the  cranium  at  the  foranm 
on  the  side  of  the  sella  Turcica,  and  almost  immediately  divides  into 
three  branches,  the  anterior  and  the  middle  cerebral  arterieSy  and  die 
posterior  communicating  artery. 

The  anterior  cerebral  arteries  supply  the  inner  sides  of  the  anterior 
lobes  of  the  brain :  they  ascend  through  the  great  longitudinal  fissnre, 
and  pass  along  the  upper  surface  of  the  corpus  callosum,  giving 
oflf  branches  to  the  inner  convolutions  of  both  hemispheres  of  the 
brain.  These  arteries  anastomose  with  each  other  just  beneath  the 
anterior  margin  of  the  corpus  callosum  by  a  transverse  branch,  called 
the  anterior  communicating  arter}\  The  middle  cerebral  arteries,  the 
largest  branches  of  the  carotids,  pass  outwards  in  the  fissures  of 
Sylvius,  and  supply  the  outer  convolutions  of  the  anterior  lobes,  and 
the  principal  portion  of  the  middle  lobes.  At  the  inner  extremity  of 
each  fissure  of  Sylvius  numerous  small  branches  of  these  arteries 
penetrate,  to  be  distributed  to  the  corpus  striatum.  The  choroid 
arteries  which  supply  the  choroid  plexus  sometimes  arise  from  these 
arteries,  but  also  occasionally  come  from  the  carotid  itself.  The 
posterior  communicating  artery  is  an  anastomotic  vessel,  which  passes 
backwards  along  the  inner  margin  of  the  middle  lobe  on  the  base  of 
the  brain,  and  communicates  with  the  posterior  cerebral  artery,  i 
branch  of  the  basilar. 

The  vertebral  arteries,  having  passed  through  the  canals  in  the 
transverse  processes  of  the  cervical  vertebrae,  enter  the  cranium  through 
the  occipital  foramen  towards  its  anterior  part.  In  their  ascent  they 
incline  towards  each  other  in  front  of  the  medulla  oblongata,  and  at 
the  posterior  margin  of  the  pons  they  coalesce  to  form  a  single  vessel, 
the  basilar,  which  extends  the  whole  length  of  the  pons. 

The  vertebral  arteries  furnish  the  anterior  and  posterior  spinal  arte- 
ries, and  the  inferior  cerebellar  arteries.  These  last  vessels  arise  from 
the  vertebrals  very  near  their  coalescence,  and  pass  round  the  medulla 
oblongata  to  reach  the  inferior  surface  of  the  cerebellum,  to  which 
they  are  principally  distributed. 

The  basilar  artery  sends  numerous  small  vessels  to  penetrate  the 
pons,  and  at  its  anterior  extremity  divides  into  four  arteries  two  on 
each  side:  these  are,  the  two  superior  cerebellar,  and  the  tv;o posterior 
cerebral  arteries. 

The  superior  cerebellar  arteries  pass  backwards  round  the  cms 
cerebri,  parallel  to  the  fourth  nerve,  and  divide  into  numerous 
branches  on  the  upper  surface  of  the  cerebellum,  some  of  which 
anastomose  with  branches  of  the  inferior  cerebellar  arterv  over  the 
posterior  margin  of  the  cerebellum.  Some  branches  of  these  arteries 
are  distributed  to  the  velum  interpositum. 

The  posterior  cerebral  arteries  are  the  largest  branches  of  the 
basilar.  They  diverge  and  pass  upwards  and  backwards  round  the 
rrus  cerebri,  and  reach  the  inferior  surface  of  the  posterior  lobe, 
anastomosing  in  the  median  fissure  with  ramifications  of  the  anterior 
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erebral,  and  on  the  outside  with  branches  of  the  middle  cerebral 
rteries.  Numerous  small  vessels  pass  from  this  artery  at  its  origin, 
nd  penetrate  the  interpeduncular  space,  and  one  or  two  are  distri- 
»ated  to  the  velum.  Shortly  after  its  origin  the  artery  receives  the 
tosterior  communicating  branch  from  the  carotid. 

A  remarkable  freedom  of  anastomosis  exists  between  the  arteries 
f  the  brain.  This  takes  place  not  only  between  the  smaller  rami- 
icafionsy  but  likewise  between  the  primary  trunks.  The  former  is 
▼ident  all  over  the  surface  of  the  cerebrum  and  cerebellum.  The 
alter  constitutes  the  well-known  circle  of  WiUis.  This  anastomosis 
ncloses  a  space,  somewhat  of  an  oval  figure,  within  which  are  found 
he  optic  nerves,  the  tuber  cinereum,  the  infundibulum,  the  corpora 
aamillariay  and  the  interpeduncular  space.  The  anterior  communicat- 
Bg  artery,  between  the  anterior  cerebral  arteries,  completes  the  circle 
a  front.  The  lateral  portion  of  the  circle  is  formed  by  the  posterior 
lommunicating  artery,  and  it  is  completed  behind  by  the  bifurcation 
if  the  basilar  into  the  two  posterior  cerebral  arteries.  Thus,  a  stop- 
lage  in  either  carotid,  or  in  either  vertebral,  would  speedily  be 
amedied.  The  coalescence  of  the  vertebrals  to  form  the  basilar, 
kflbrds  considerable  security  to  the  brain  against  an  impediment  in 
me  Tertebral ;  and,  should  the  basilar  be  the  seat  of  obstacle,  the 
mastomoses  of  the  inferior  cerebellar  arteries  with  the  superior  ones 
vould  insure  a  sufficient  supply  of  blood  to  that  organ.  If  either  or 
loth  carotids  be  stopped  up,  the  posterior  communicating  arteries 
vill  supply  a  considerable  quantity  of  blood  to  the  intracranial  por- 
ioDS  of  them ;  or,  if  one  carotid  be  interrupted,  the  anterior  commu- 
licating  branch  will  be  called  into  requisition  to  supply  blood  from 
ike  opposite  side. 

Obstruction  to  the  circulation  in  both  carotids  and  both  vertebrals 
is  productive  of  a  complete  cessation  of  cerebral  action,  and  death 
mmediately  ensues,  unless  the  circulation  can  be  quickly  restored. 
Fhit  was  proved  clearly  by  Sir  A.  Cooper's  experiments  on  rabbits. 
Fhe  circulation  may,  however,  be  interrupted  in  both  carotids,  or  in 
x>th  vertebrals,  without  permanent  bad  eflfect ;  or  in  one  carotid  or 
me  vertebral,  provided  the  condition  of  the  remaining  vessels  be 
nch  as  not  to  impede  the  circulation  in  them.  In  cases  where  the 
leighbouring  anastomotic  branches  are  not  sufficient  to  restore  the 
*irvula(ion  to  a  part  from  which  it  has  been  cut  oft*  by  the  obliteration 
»f  its  proper  vessel,  the  cerebral  substance  of  that  region  is  apt  to 
xperience  a  peculiar  form  of  softening  or  wasting,  which  is  distin- 
;Quhed  by  the  absence  of  any  discoloration  by  the  effusion  ot  blood, 
lod  of  any  new  matter. 

The  four  great  channels  of  sanguineous  supply  to  the  brain  are 
ontiDued  up  straight  from  the  aorta  itself,  or  from  an  early  stage  of 
he  subclavian.  The  contained  columns  are  propelled  very  directly 
Dwards  the  base  of  the  brain,  through  wide  canals.  Were  such 
olumns  to  strike  directly  upop  the  base  of  the  brain,  there  can  be 
o  doubt  it  would  suffer  materially.  Considerable  protection,  how- 
ver,  is  afforded  to  the  brain  ;  first,  by  the  blood  ascending  against 
;ravity,  during  at  least  a  great  portion  of  life  i  secondly,  by  a  tortuous 
18 
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arrangement  of  both  carotids  and  rertebrals  before  tbqr  ester 
cranial  cavity ,  the  carotid  being  curved  like  the  letter  S  iniBdi 
the  carotid  canal,  and  the  vertebral  being  slightly  bent  betweeiAei 
and  axis,  then  taking  a  horizontal  sweep  above  the  atlaS|  aid  ~ 
has  pierced  the  occipito-atlantal  ligament,  inclining  obli^adyq 
and  inwards;  thirdly,  by  the  breaking  up  of  the  carotids  nto 
brunches,  by  the  inclined  position  of  the  vertebrals,  and  bytkdrj 
tion  into  a  single  vessel,  which  takes  a  course  obliquely  apwirii^l 
uniTwards  subdivides  into  smaller  branches.  Such  ami 
most  eflectually  break  the  force  of  the  two  columns,  afid, 
scatter  it  in  difierent  directions. 

A  further  conservative  provision  is  found  in  the  manner  in  iVdil 
blood-vessels  penetrate  the  brain.     The  larger  arterial  briiKki| 
in  sulci  between  convolutions,  or  at  the  base  of  the  oijpB: 
branches  come  off  from  them,  and  ramify  on  the  pta  mater,  b 
up  into,  extremely  fine  terminal  arteries,  which  penetrate  theUhj 

these  latter  vessels  spring  directly  from  Ikl 
branches,  and  enter  the  cerebral  substnob; 
a  general  rule,  no  vessel  penetrates  tk  ci 
layer  of  the  brain,  which,  in  point  of  sitt|iij 
than  two  removes  from  the  capillaries;  vii\ 
ever  any  vessel  of  p^reater  size  does  '~^ 
cerebral  substance,  it  is  at  a  sitoatioB 
fibrous  matter  is  external,  and  the  part] 
by  foramina  for  the  transmission  pf 
Such  places  are  the  locus  perfonitii8,Ai: 
peduncular  space,  &c.  The  accompaoji^i 
shows  the  manner  in  which  the  temuBili 
twigs  dip  vertically  into  the  cerebral 
and  break  up  into  a  solid  plexus  of  < 
the  stratum  of  vesicular  matter.  The 
plexus  of  the  fibrous  or  white  matter  bi 
oharaotors,  only  its  meshes  are  moeh  i 
7*J\  The  capillaries  of  the  cerebral 
are  ej:»!v  ^een  to  pc>sse^  an  ioJepcad^! 
phiKv^us  wik!,  \ri:h  ce!!-nac!ei  di^mel'j 
tervji's.  The  smsller  arteries  and 
be  Av?:u:rib\  s!uiieJ  la  the  pia  mater  cfW 
Vite  vtfr.,*-$  r!,vJ  :<  collected  intoflMT 
Vfl.v'h  i:*r  :>-u:e-i  :3  "he  p:i  ma!cT  ^ 
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ntre  of  the  circulation  through  the  same  channels  as  that  of 
ira  mater,  of  the  cranial  bones,  and  of  the  eyeball :  the  deep 
T  veins  are  the  outlets  by  which  the  venous  blood  of  the 
m  is  discharged.  An  obstacle,  therefore,  in  both  or  either  of 
trunks  must  affect  the  entire  venous  system  of  the  brain,  or  at 
hat  of  the  corresponding  hemisphere.  A  ligature  tied  tightly 
the  neck  impedes  the  circulation,  and  may  cause  congestion 
brain.  The  bodies  of  criminals  who  have  died  by  hanging 
t  great  venous  congestion,  both  of  the  walls  and  the  contents  of 
"anium,  in  consequence  of  the  strong  compression  to  which  the 
have  been  submitted. 

!  have  seen,  that,  when  the  blood  of  one  carotid  artery  is  cut  off, 
rts  usually  supplied  by  it  are  apt  to  become  exsangueous  and 
ed;  and  this  is  more  especially  the  case  if  the  vertebral  be  also 
ted,  or  the  circulation  in  it  impeded.  And  it  has  been  remarked, 
hese  effects  will  follow  the  application  of  a  ligature  to  either 
on  carotid  artery. 

withstanding  these  facts,  a  doctrine  has  received  very  general 
,  and  the  support  of  men  of  high  reputation,  which  affirms  that 
•olute  quantity  of  blood  in.the  brain  cannot  vary,  because  that 
is  incompressible,  and  is  enclosed  in  a  spheroidal  case  of  bone, 
ich  it  is  completely  exempted  from  the  pressure  of  the  atmo- 


t  cranium,  however,  although  spheroidal,  is  not  a  perfectly  solid 
bat  is  perforated  by  very  numerous  foramina,  both  external  and 
ili  by  which  large  venous  canals  in  the  diploe  of  the  bones 
ftnicate  with  thecirculation  of  the  integuments  of  the  head  as 
t  with  that  of  the  brain;  so  that  the  one  cannot  be  materially 
id  without  the  other  suffering  likewise.  And  as  the  circulation 
integuments  is  not  removed  from  atmospheric  pressure,  neither 
tt  which  is  so  closely  connected  and  continuous  with  it,  be  said 
Vee  from  the  same  influence.  Still  it  must  be  admitted,  that  the 
Msition  of  the  central  vessels,  and  the  complicated  series  of 
eii  through  which  they  communicate  with  the  superficial  ones, 
t  them  in  some  degree  from  the  pressure  of  the  air,  and  render 
€88  amenable  to  its  influence  than  the  vascular  system  of  the 

t  were  essential  to  the  integrity  of  the  brain  that  the  fluid  in  its 
-vessels  should  be  protected  from  atmospheric  pressure  asthe 
ates  of  this  doctrine  would  have  us  to  believe),  a  breach  in  the 
I  wall  would  necessarily  lead  to  the  most  injurious  consequences; 
)w  frequently  has  the  surgeon  removed  a  large  piece  of  the  cra- 
Jy  the  trephine  without  any  untoward  result!  We  have  watched 
reral  weeks  a  case  in  which  nearly  the  whole  of  the  upper  part 
cranium  had  been  removed  by  a  process  of  necrosis,  exposing  a 
irge  surface  to  the  immediate  pressure  of  the  atmosphere;  yet  in 
He  no  disturbance  of  the  cerebral  circulation  existed.  In  the 
Mid  open  fontanelles  of  infants  we  have  a  state  analogous  to  that 
art  or  disease  produces  in  the  adult:  yet  the  vast  majority  of 
I  are  free  from  cerebral  disease  for  the  whole  period  during 
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"which  their  crania  remain  incomplete;  and  in  infinitely  the  gieatest 
number  of  cases  in  which  children  suflfer  under  cerebral  disease,  Ike 
primary  source  of  irritation  is  in  some  distant  oigan,  and  not  in  tk 
brain  itself. 

Neither  can  it  be  said  that  the  brain  is  incompressible.  Thatoalj 
is  incompressible,  the  particles  of  which  will  not  admit  of  being  more 
closely  packed  together  under  the  influence  of  pressure.  That  tiw 
brain  is  not  a  substance  of  this  kind,  is  proved  by  the  fact  that,  while 
it  is  always  undergoing  a  certain  degree  of  pressure,  as  essential  to 
the  integrity  of  its  functions,  a  slight  increase  of  pressure  is  sufficirat 
to  produce  such  an  amount  of  physical  change  in  it  as  at  once  to 
interfere  with  its  healthy  action.  Too  much  blood  distributed  among 
its  elements,  and  too  much  serum  efiused  upon  its  surface,  are  equally 
capable  of  producing  such  an  eiTect. 

Mngendie's  experiments,  alluded  to  at  p.  23 1-2,  show  that  the  bnifl 
and  spinal  cord  are  surrounded  by  fluid,  the  pressure  of  which,  pro- 
bably, antagonises  that  which  must  be  exerted  through  the  blood- 
vessels. The  removal  of  this  fluid  disturbs  the  functions  of  these 
centres  apparently  by  allowing  the  vessels  to  become  too  full.  Tbe 
pressure  exerted  by  the  former  we  ^hall  call  the  fluid-pressure  ftom 
without  the  brain  ;  that  by  the  blood,  the  pressure  from  within.  A> 
long  as  these  two  are  balanced,  the  brain  enjoys  a  healthy  ^tateof 
function,  supposing  its  texture  to  be  normal.  If  either  preveili 
more  or  less  of  disturbance  will  ensue.  Their  relative  qaaDtiliei, 
if  not  in  just  proportion,  will  bear  an  inverse  ratio  to  each  other.  If 
there  be  much  blood,  the  surrounding  fluid  will  be  totally,  or  in  a 
great  measure,  deficient;  if  the  brain  be  aneemic,  the  quantity  ofsQ^ 
rounding  fluid  will  be  large. 

The  existence  of  these  two  antagonizing  forces  may  be  taken  u  a 
proof  that  either  of  them  may  prevail ;  and  therefore,  from  the  exist- 
ence of  the  cerebro-spinal  fluid  we  may  infer  that  the  actual  quantity 
of  blood  circulating  in  the  brain  is  liable  to  variation. 

This  fluid  is  a  valuable  regulator  of  vascular  fullness  within  the 
cranium,  and  a  protector  of  the  brain  against  too  much  pressure  from 
within.  So  long  as  it  exists  in  normal  quantity,  it  resists  the  entrance 
of  more  than  a  certain  proportion  of  blood  into  the  vessels.  Under 
the  influence  of  an  unusual  force  of  the  heart,  an  undue  quantity  of 
blood  may  be  forced  into  the  brain ;  the  effects  of  which  will  be,  first, 
the  displacement  of  a  part,  or  of  the  whole  surrounding  fluid,  and, 
secondly,  the  compression  of  the  brain. 

On  the  other  hand,  the  brain  may  receive  too  little  blood.  In  such 
a  case,  if  the  surrounding  fluid  do  not  increase  too  rapidly,  tbe 
requisite  degree  of  pressure  will  be  maintained,  and  the  healthy  action 
of  the  brain  preserved.  But,  if  the  brain  be  deprived  of  its  due  pro- 
portion of  blood  by  some  sudden  depression  of  the  heart's  power,  there 
is  no  time  nor  source  for  the  pouring  out  of  new  fluid,  and  a  state  of 
syncope,  or  of  delirium,  will  ensue.  Such  seems  to  be  the  explana- 
tion of  those  cases  of  delirium  which  ensue  upon  hemorrhages,  large 
bleedings,  or  the  sudden  supervention  of  inflammation  of  the  peri- 
cardium or  endocardium.  In  many  of  these  cases,  however,  it  is 
important  to  notice,  that  the  blood  is  more  or  less  damaged  in  quality, 
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cientin  some  of  its  staminal  principles,  or  charged  with  somemor- 
matter;  and  this  vitiated  state  of  the  vital  fluid  has,  no  doubt,  a 
itderable  share  in  the  production  of  the  morbid  phenomena. 
lie  following  inferences,  which  are  of  practical  application,  will 
I  a  suitable  conclusion  to  these  remarks  on  the  circulation  within 
cranium. 

•  That  the  brain,  although  not  so  amenable  to  the  influence  of 
oapheric  pressure  as  more  superficial  parts,  is  sufficiently  so  to 
it -of  variations  in  the  quanti^  of  its  circulating  fluid. 
.  That,  consequently,  general  or  local  bleeding  will  exert  the 
e  kind  of  influence  upon  the  circulation  in  the  brain,  as  in  other 
IDS,  so  far  as  relates  to  diminishing  the  quantity  of  blood  in  it. 
.  But  that  the  brain  is  liable  to  sufier  from  the  loss  of  blood  in  a 
srent  way  from  other  viscera,  inasmuch  as  copious  bleeding  may 
ision  serious  disturbance  in  the  functions  of  the  brain  by  lessen- 
the  force  of  the  heart's  action,  and  thereby  depriving  the  brain 
bat  amount  of  pressure  on  its  vascular  surface  which  seems  essen- 
to  its  healthy  action. 

.  That  the  depression  of  the  heart's  force  from  any  other  cause, 
apable  of  producing  similar  cerebral  disturbance  for  the  same 
ons. 

le  following  works  may  be  consulted  npon  the  sabjects  treated  of  in  this  chapter : 
aveilhiefs  Anat.  Pescr.  t  iv.— Meckel,  Anat.  G^n.  Descr.  et  Pathol,  t.  ii.— Reil's 
ji»  translated  in  Mayo*s  Anat.  and  Phys.  Commentaries. — ^The  article  Nervous 
res  in  the  Gyelopsdia  of  Anatomy. — Mayo's  Plates  of  the  Brain.— Stilling  and 
aeh,  UntersQchungen  uber  die  Textur  des  Ruckenmarks.  Leipz.  1848. — SiilU 
Iber  die  Textar  and  Function  der  Medulla  oblongata.  Erlang.  1843. — Foville, 
.  da  8ysL  Nerveux.    Par.  1844. — Learet,  Anat.  Compar^e  da  SysL  Nerveux. 


le  Bobject  of  the  circalation  in  the  brain  has  been  treated  with  great  acatenefs 
earning  by  Dr.  George  Burrows,  in  the  Lumleian  Lectures  for  1843,  Lond.  Med. 
oe,  ToL  xxiii* 


CHAPTER  XI. 

HB  BPIVAL  NERVES. — OF  THE  ENCEPHALIC  NERVES. — METHOD  OF 
ETKRMINING  THE  FUNCTIONS  OF  NERVES. — OF  THE  FUNCTIONS  OF 
BB  SPINAL  CORD  AND  ENCEPHALON. 


we  can  satisfactorily  investigate  the  functions  of  the  cere- 
centre,  or  of  its  various  segments,  it  will  be  necessary  to 
)  tome  account  of  the  nerves  which  are  connected  with  them. 
heae  nerves  are  described  in  two  classes,  the  spincU  and  the  ence* 
Sc»  The  former  class  consists  of  all  those  which  arise  from  the 
ml  cord,  and  emerge  from  the  spinal  canal  through  orifices  in  its 
•  The  latter  consists  of  those  which  are  connected  with  the 
*pbaIon. 
f  the  spinal  nerves. — There  is  a  pair  of  spinal  nerves  for  each 
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pair  of  intervertebral  foramina  on  the  same  level,  and  for  those  be- 
tween the  atlas  and  occiput.  We  can  thus  enumerate  in  all  thitty-oae 
pair  of  nerves  having  their  origin  from  the  spinal  cord,  exclusive  of 
the  spinal  accessory  nerve,  which  is  connected  with  the  upper  part  of 
the  cervical  region. 

The  spinal  nerves  have  the  following  very  constant  characten. 
Each  has  its  origin  by  two  rootSy  of  which  the  anterior  is  distioetly 
inferior  in  size  to  the  posterior  (fig.  61,  j9,  a,  p.  206).  The  ligamen- 
tum  denticulatum  is  placed  between  these  roots.  Each  root  paisei 
out  by  a  distinct  opening  in  the  dura  mater.  Immediately  afler  its 
emergence  a  ganglion  is  formed  on  the  posterior  root,  and  the  ante- 
rior root  lies  imbedded  in  the  anterior  surface  of  the  ganglion,  and 
inclosed  in  the  same  sheath,  but  without  mingling  its  fibres  with  those 
of  the  ganglion.  Beyond  it,  the  nervous  fibres  of  both  roots  inte^ 
mingle,  and  a  compound  spinal  nerve  results.  The  trunk  thus  formed 
passes  immediately  through  the  intervertebral  canal,  and  divided  into 
an  anterior  and  posterior  branch  (fig.  61,  a',  ji').  The  former  is  in 
general  considerably  the  larger.  The  latter  passes  backwards,  and 
sinks  in  among  the  muscles  of  the  posterior  regions  of  the  trunk.  The 
anterior  branches  in  the  cervical,  lumbar,  and  sacral  regions  fom 
large  and  intricate  plexuses,  (cervical,  axillary,  lumbar,  and  sacral,) 
from  which  nerves  are  furnished  to  the  extremities  and  the  anterior 
part  of  the  trunk. 

The  first  spinal  nerve,  called  by  Winslow  the  suboccipikUj  offers  an 
exception  to  this  arrangement.  Generally  it  arises  by  two  roots,  of 
which,  however,  the  anterior  is  the  larger.  Sometimes  it  has  only 
one  root,  corresponding  to  the  anterior. 

The  spinal  nerves  are  arranged  naturally  in  classes,  according  to 
the  regions  of  the  spine  in  which  they  take  their  rise.  We  number 
eight  in  the  cervical  region,  the  suboccipital  included ;  twelve  in  the 
dorsal  region;  five  in  the  lumbar,  and  six  in  the  sacral  regions.  All 
the  nerves  af^er  the  second  pass  obliquely  outwards  and  downwards, 
from  their  emergence  from  the  spinal  cord  to  their  exit  from  the  verte- 
bral canal ;  and  this  obliquity  gradually  increases  from  the  higher  to 
the  lower  nerves,  so  that  the  inferior  ones  are  nearly  perpendicular, 
and,  as  their  intraspinal  course  is  of  some  length,  they  are  collected 
into  a  leash,  which  constitutes  the  cauda  equina. 

All  the  spinal  nerves  arise  from  the  cord  by  separate  fasciculi  of 
filaments,  which,  as  they  approach  the  dura  mater,  converge  to  each 
other,  and  are  united  together  to  constitute  the  anterior  or  the  posterior 
roots.  The  posterior  roots  arise  at  a  pretty  uniform  distance  from  the 
posterior  median  fissure  in  all  regions  of  the  cord,  indicating  but  a 
very  trifling  change  in  the  thickness  of  the  posterior  columns  through- 
out their  entire  course.  Not  so  the  anterior  ones  :  they  are  farthest 
from  the  anterior  median  fissure  in  the  neck,  but  very  near  it  in  the 
dorsal  region ;  this  difference  being  due  to  the  variation  in  the  thick- 
ness of  the  antero-lateral  columns  in  the  difTerent  regions.  The 
ganglia  on  the  posterior  roots  are  always  proportionate  in  size  to  the 
roots  themselves. 

In  tracing  the  mode  of  connection  of  the  roots  of  the  spinal  nerves 
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ith  the  cord,  great  care  is  required,  from  the  sudden  change  of  con- 
stence  which  their  fascicles  experience  on  penetrating  the  substance 
r  the  cord.  They  lose  the  sheath  of  pia  mater  which  gave  firmness 
I  that  part  which  is  external  to  the  cord,  and  soon  break  up  into  their 
omponent  fibrills.  For  this  reason,  the  specimen  employed  for  the 
inection  should  be  quite  recent,  and  slightly  hardened  by  previous 
nmersion  in  spirit. 

The  anterior  roots  penetrate  the  lateral  part  of  the  antero-Iateral 
olamns.  Their  fibres  soon  radiate,  some  passing  upwards  and  in- 
rards,  others  horizontally  inwards  towards  the  centre  of  the  cord, 
lingling,  no  doubt,  with  the  elements  of  the  vesicular  matter  com- 
osing  the  anterior  horn.  It  is  a  matter  of  uncertainty  whether  the 
bres  which  take  an  upward  course  pass  into  the  gray  matter,  or  simply 
lerge  into  the  longitudinal  fibres  of  the  cord  and  pass  upwards  to  the 
rain.  Mr.  Grainger's  researches  lead  him  to  suppose  that  each  root 
onsists  of  a  double  set  of  fibres, — one  which  penetrates,  and  has  its 
irigin  from,  the  gray  matter,  and  the  other  which  is  continuous  with 
he  longitudinal  fibres.  This  view  is  considered  to  derive  proba- 
bility from  the  hypothesis  which  ascribes  the  voluntary  and  involun- 
■17  actions  of  the  cord  to  two  distinct  series  of  fibres,  of  which  one 
s  under  cerebral  influence,  and  the  other  merely  excito-motory,  and 
t  might  be  acknowledged  to  do  so,  if  the  necessity  of  distinct  fibres 
or  the  two  kinds  of  action  were  first  proved.  It  is  possible,  how- 
iver,  that  all  the  fibres  penetrate  and  arise  from  the  gray  matter. 
lot  we  have  seen  nothing  to  justify  Stilling  and  Wallach's  assertion, 
bit  the  anterior  and  posterior  roots  coalesce  in  the  gray  matter,  form- 
ng  loops,  the  convexities  of  which  are  directed  to  the  centre  of  the 
:ord  ;  and  we  have  already  stated  our  reasons  (p.  236)  for  doubting 
he  fibrous  nature  of  the  lines  which  these  writers  represent  as  radiat- 
Dg  between  the  gray  matter  and  the  surface  of  the  cord. 

The  posterior  roots  adhere  to  the  posterior  part  of  the  antero- 
ateral  column,  and  are  doubtless  closely  connected  with  the  posterior 
loms  of  gray  matter.  In  separating  the  columns  of  the  cord  along  the 
ioe  of  sequence  of  the  fascicles  of  the  posterior  roots,  we  have  always 
bund  these  roots  to  remain  with  the  antero-Iateral  columns,  and  to 
Ave  little  or  no  connection  with  the  posterior  ones.  We  would 
herefore  refer  the  origin  of  these  nerves  to  the  posterior  horns  of  gray 
natter,  and  to  the  posterior  part  of  the  antero-Iateral  columns. 

Of  the  encephalic  nerves. — The  arrangement  of  these  nerves,  ori- 
;iDaIly  proposed  by  Willis,  although  open  to  many  objections,  has 
levertheless  been  so  long  adopted  in  this  country  and  on  the  Con- 
inent,  and  is  so  constantly  used  by  scientific  as  well  as  practical 
rriters,  that  to  abandon  it  would  be  productive  of  great  inconveni- 
nee,  and  would  be  of  no  advantage,  unless  some  other  arrangement 
if  unexceptionable  kind  could  be  substituted  for  it.  In  the  absence  of 
iny  such  new  mode  of  arrangement,  we  propose  to  adhere  to  that  of 
Willis;  at  the  same  time  remarking,  that  much  of  the  imperfection  of 
t  is  obviated  by  naming  each  pair  of  nerves  from  some  prominent 
eature  either  of  its  function  or  its  anatomical  connections. 

Twelve  pairs  of  nerves  are  found  connected  with  the  base  of  the 
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encepbalon.  Five  pairs  have  been  so  classed  by  Willis  as  to  fen 
two  in  his  arrangement ;  three  pairs  being  allotted  to  his  eighth  paif 
of  nervesy  and  two  to  bis  seventh.  Willis'  arrangement,  tberefoiCi 
comprises  the  following  nine  pairs  of  nerves,  which  he  enumeiatci 
in  passing  from  the  anterior  to  the  posterior  part  of  the  base  ;  the  fint 
pair,  or  olfactory  nerves;  the  second  pair,  or  optic;  the  third  pairy 
motores  oculorum;  the  fourth  pair,  pathetici;  the  fifth  pair;  the  sizlk 
pair,  ahducentes  oculum  ;  the  seventh  pair,  including  the  portio  moflii 
or  auditory  nerve,  and  the  portio  dura  ov  facial  nerve ;  the  eighth  pur, 
including  the  glosso-pharyngeal^  the  pneumo-gastricj  and  the  ^ind 
accessory;  the  ninth  pair,  or  hypoglossal,  Willis  included  among  his 
encephalic  nerves  the  first  cervical  nerve  or  sulhoccipUalf  whidihib 
therefore  numbered  as  the  tenth  pair. 

As  the  cranium  may  be  shown  to  be  composed  of  the  elements  of 
three  vertebrae,  it  has  been  attempted  to  prove  that  among  these  nerrei 
some  may  be  classed  with  the  vertebral  or  spinal  nerves.  The  fifUb 
is  obviously  of  this  kind,  from  its  anatomical  characters,  namely,  two 
roots ;  one  small,  ganglionless,  the  other  large,  ganglionic ;  and  with 
the  former,  the  analogue  of  the  anterior  spinal  root,  the  third,  fourth, 
and  sixth  nerves  may  be  conjoined  from  their  similarity  in  structorD 
and  distribution.  Thus  one  crania-vertebral  nerve  is  formed,  tho 
anterior  or  motor  root  of  which  consists  of  the  smaller  portion  of  die 
fifth,  the  third,  fourth,  and  sixth  nerves,  and  the  posterior  or  sensitiTe 
root  of  the  larger  portion  of  the  fifth.  A  second  cranio-vertebral  nerve 
consists  of  the  eighth  pair,  to  which  might  be  added  the  fiacial,  con- 
tributing to  its  motor  portion.  A  third  is  formed  by  the  hypoglossal,* 
but  the  analogy,  in  the  latter  case,  is  certainly  far  from  obvious. 

How  to  determine  the  Junction  of  a  nerve  ? — It  has  been  stated  in  a 
former  chapter  that  nerves  evince  special  properties,  depending  on 
the  connections  which  they  form  at  the  periphery,  or  at  the  centie; 
that  they  may  be  divided  into  motor,  sensitive,  and,  according  to  one 
view,  excito-motor,  according  to  the  manner  in  which  they  respond 
to  particular  stimuli ;  and  that  fibres  possessing  each  of  these  endow- 
raents  may  be  bound  together  in  a  common  sheath  as  one  nerve.  To 
determine  with  precision  the  office  which  each  nerve  performs  is  a 
problem  of  great  importance,  not  only  from  its  bearing  upon  the  phy- 
siology of  the  nervous  centres,  but  from  its  great  practical  value  ui 
the  diagnosis  and  treatment  of  disease. — (Introd.,  p.  47.) 

The  following  are  the  means  on  which  we  should  rely,  in  order  to 
determine  the  function  of  a  nerve. 

First,  its  anatomy  in  man. — The  origin  by  a  double  root  denotes  a 
double  function.  Its  peripheral  distribution,  however,  gives  more 
valuable  assistance.  If  distributed  to  muscles  only,  it  clearly  must 
be  motor;  it  to  sentient  surfaces  only,  sensitive  and  perhaps  exciter; 
if  to  both,  motor,  and  sentient,  or  excito-motor. 

Secondly,  its  anatomy  iri  animals. — The  comparison  of  the  origin 
and  distribution  in  the  lower  animals  with  those  in  man  often  throws 
light  on  the  function,  by  confirming  the  result^f  anatomical  investi- 

♦  Mailer's  Physiology  by  Baly,  vol.  i.  p.  841. 
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jation  in  the  human  subject,  or  by  displaying  either  a  peculiar  deve- 
^ment  of  the  nerre,  in  reference  to  some  special  function  proper  to 
Articular  animals ;  or,  on  the  other  hand,  the  non-development  of  a 
lerve,  or  of  a  part  of  one,  where  some  function  may  be  deficient. 
rhe  enormous  dcTelopment  of  a  branch  of  the  fifth  nerve  in  animals 
f  ith  proboscides,  or  highly  tactile  snouts, — of  a  branch  of  the  facial, 
rhere  such  an  organ  is  very  movable, — the  small  size  of  the  latter 
lerve  where  the  muscles  of  the  face  are  few,  are  instances  quite  in 
M>int. 

Thirdly,  experiment  on  animals  just  dead,  or  on  those  living. — The 
rritation  of  a  motor  nerve  in  an  animal  recently  dead  causes  contrac- 
ion  of  the  muscles  to  which  it  is  distributed.  The  section  of  one  in 
I  living  animal  paralyses  its  muscles ;  but  irritation  of  the  portion 
>eIow  the  section  causes  contraction  of  those  muscles  which  that  seg- 
nent  of  the  nerve  supplies.  The  simplest  way  of  applying  a  stimulus 
*or  experimental  purposes  is  by  passing  a  galvanic  current  from  a  small 
Mtteiy.  If  the  current  be  directed  through  a  nerve  so  that  it  shall 
pass  sdong  the  smallest  portion  of  it,  by  placing  one  pole  on  one  side 
it  it,  and  the  other  on  the  opposite,  but  a  little  lower  down  or  higher 
up,  we  may  gain  a  strong  indication  of  the  motor  power  of  the  nerve, 
if  contractions  are  thereby  excited.  This  indication  becomes  certain 
if  the  same  effect  be  produced  by  galvanizing  the  nerve  in  this  way, 
ifter  it  has  been  separated  from  all  connection  with  the  spinal  cord  or 
brain.  Such  an  experiment  on  a  sensitive  nerve  would  produce  no 
motor  effect.  Matteucci  has  shown  that  to  produce  the  motor  effect 
io  a  motor  nerve,  the  current  must  pass  aloTig  some  portion  of  the 
aerve-fibre,  however  small;  and  that  a  current  directed  precisely  at 
right  angles  to  the  fibres  will  not  excite  nervous  power.* 

MM.  Longet  and  Matteucci  affirm  that  a  motor  nerve  may  be  dis* 
tinguished  from  a  compound  one  by  the  different  effect  of  opening  or 
closing  an  electric  current  on  each  under  certain  circumstances.  -  It 
had  already  been  ascertained  by  Lehot,  Bellingeri,  Nobili,  and  Mari- 
anini,  that  compound  nerves,  the  sciatic,  for  instance,  are  at  first  ex- 
cited equally  on  closing  and  on  opening  the  electric  circuit,  whether 
the  current  be  direct  (t.  e.  from  the  brain  or  cord  to  the  nerves),  or 
bverse  (from  the  nerves  to  the  brain  or  cord) ;  but  after  a  time  they 
are  excitable,  as  shown  by  the  contraction  of  the  muscles  below  the 
point  of  the  nerve  stimulated,  onlv  on  closing  the  direct  current  or 
opening  the  inverse.  With  a  purely  motor  nerve,  however,  such  as 
the  anterior  root  of  a  spinal  nerve,  a  different  result  is  obtained  ;  in-i 
asmuch  as  the  contractions  of  the  muscles  can  only  be  excited  on 
opening  the  direct  current  or  closing  the  inverse.^ 

Sometimes  we  find  that,  if  the  trunk  of  a  nerve  be  divided  at  some 
distance  from  its  origin,  irritation  of  the  central  segment  will  excite 
contractions,  whilst  that  of  the  peripheral  one  will  fail  to  do  so.  Such 
i  nerve  has  been  called  an  excUor ;  for  it  causes  muscular  movement, 

*  See  an  account  of  Maueacci*s  observations  on  the  difTerent  effects  of  electricitj 
)n  nerres,  in  the  appendix  to  this  chapter. 

t  Matiencci  et  Longet,  sur  la  relation  qui  existe  entre  le  sens  dn  coarant  ^lectriqne 
fl  les  coDirmciiona  mascolaires  dues  a  ce  coarant.    Paris,  1844. 
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not  by  its  direct  influence  upon  muscles,  but  by  exciting  the  centre, 
which  in  its  turn  stimulates  motor  nerres  arising  from  it.  We  judge 
a  nerve  to  be  sensitive,  if,  when  irritated  in  man  or  the  lower  animali 
during  life,  a  peculiar  sensation  or  pain  be  excited ;  or  if  section  of  it 
destroys  the  sensibility  of  the  parts  to  which  it  is  distributed.  | 

Fourthly.  Clinical  observation  furnishes  most  valuable  opportani-  j 
ties  of  testing  the  true  function  of  nerves.  We  observe  a  particolv 
form  of  paralysis,  and  we  inquire  what  nerve  is  diseased ;  we  find 
pain  felt  in  particular  regions,  and  we  ascertain  that  this  is  in  conw- 
quence  of  a  morbid  state  of  particular  nerves ;  certain  functions  an 
impaired  or  suspended,  if  certain  nerves  be  affected  with  disease.  A 
woman,  lately  in  King's  College  Hospital,  had  a  singular  train  of 
symptoms,  which  were  at  first  referred  to  hysteria.  However,  in  i 
little  time  they  became  so  confirmed,  that  no  doubt  could  be  ente^ 
tained  of  organic  lesion.  There  were  ptosis  of  the  upper  lids,— 
paralysis  of  the  muscles  of  the  eyeball  supplied  by  the  third  nerve, 
— paralysis  of  the  pharynx,  so  that  the  power  of  deglutition  was  d^ 
stroyed, — paralysis  of  the  trapezii  muscles,  and  of  those  on  the  back 
of  the  neck, — great  feebleness  of  voice.  She  died  like  one  asphyx- 
iated.  After  death,  the  following  nerves  were  found  involved  io  a 
thickened  neurilemma,  with  altered  nerve-tubes, — the  third  pair,  the 
fourth  pair  on  the  left  side,  the  glossopharyngeal,  the  vagus,  the 
spinal  accessory ;  each  of  which  contributed  more  or  less  to  supplj 
with  nerves  the  parts  paralyzed. 

Functions  of  the  roots  of  spinal  nerves, — The  application  of  ana- 
tomical investigation,  and  of  experiment,  to  determine  the  functions 
of  the  anterior  and  posterior  roots  of  spinal  nerves  respectively,  was 
the  first  important  step  towards  a  right  understanding  in  the  physiologj 
of  the  nervous  system.  This  was  undoubtedly  taken  by  Sir  C.  Bell; 
and,  although  there  were  other  labourers  in  the  same  field  not  un- 
worthy claimants  of  some  share  in  the  merit  of  this  important  inves- 
tigation, it  cannot  be  denied  that  the  endowments  of  the  roots  were 
discovered  by  Bell. 

The  original  experiments  of  Bell,  in  which  he  was  assisted  by  the 
late  Mr.  John  Shaw,  consisted  in  laying  open  the  spinal  canal  in  rab- 
bits,  and  irritating  or  dividing  the  roots  of  the  spinal  nerves.  Bell 
distinctly  affirmed  that  irritation  of  the  anterior  roots  caused  muscular 
movement,  and  that  the  posterior  roots  might  be  irritated  witboot 
giving  rise  to  any  muscular  action.  Destruction  of  the  posterior  roots 
did  not  impair  the  voluntary  power  over  the  muscles.  Hence  it  was 
inferred  that  the  anterior  roots  were  motor,  and  the  posterior  roots  not 
motor ;  but,  from  the  violence  of  the  operation,  and  the  pain  produced 
in  performing  it,  the  experiments  having  been  tried  on  rabbits,  it  was 
impossible  to  determine  what  degree  of  sensibility  remained  in  parts 
supplied  from  the  divided  roots. 

Numerous  subsequent  experimenters  arrived  at  similar  results  to 
those  of  Bell ;  but  no  one  obtained  such  satisfactory  conclusions  as 
Miiller,  who  adopted  the  expedient  of  experimenting  on  frogs  instead 
of  mammalia,  with  which  latter  the  experiments  involved  the  neces- 
sity  of  a  tedious  and  painful  operation,  and  much  bloodshed.    In 
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ogs,  on  the  contrarj,  from  the  great  width  of  the  lower  part  of  the 
nnal  canal,  the  roots  of  the  nerves  can  be  exposed  with  facility,  and 
icir  excitability  lasts  sufficiently  long  to  yield  every  result.  These 
qperiments  we  have  repeated  frequently,  with  results  precisely  similar 
I  those  which  Miiller  obtained. 

In  the  experiments  on  frogs,  irritation,  mechanical  or  galvanic,  of 
le  anterior  root  always  provokes  muscular  contraction.  No  such 
lect  follows  irritation  of  the  posterior  root.  Section  of  the  anterior 
lot  causes  paralysis  of  motion  ;  that  of  the  posterior,  paralysis  of 
nuation.  This  latter  effect  is  evinced  by  the  utter  insensibility  to 
ain  shown  on  pinching  a  toe,  whilst  in  the  limb  in  which  the  poste- 
or  root  is  entire  such  an  irritation  is  evidently  acutely  felt.  If  the 
atarior  roots  of  the  nerves  to  the  lower  extremity  be  cut  on  one  side, 
ad  the  posterior  roots  on  the  other,  voluntary  power  without  sensation 
rill  remain  in  the  latter,  and  sensation  without  voluntary  power  in  the 


Valentin,  Seubert,  Panizza,  and  Longet  have  performed  similar 
aperiments  upon  mammiferous  animals  with  precisely  the  same  ef- 

The  conclusion  to  be  derived  from  these  experiments  is  as  follows : 
kal  the  anterior  root  of  each  spinal  nerve  is  motor j  and  the  posterior 
SMtfioe. 

Comparative  anatomy  confirms  this  conclusion,  by  showing  that  a 
imilar  arrangement  of  the  spinal  roots  prevails  among  all  classes  of 
ertebrate  animals,  and  that  if,  in  any  particular  class  of  animals,  either 
le  motor  or  sensitive  power  predominate,  there  is  in  correspondence 
rilh  it  a  marked  development  of  the  anterior  or  posterior  roots;  and 
la  frequent  occurrence  of  paralysis  of  sensation  and  motion,  as  a 
DDseqnence  of  disease  within  the  spinal  canal,  also  tends  to  the  same 
iference. 

Magendie  affirms  that  the  anterior  root  is  slightly  sensitive,  owing, 
I  Kronenberg  has  shown,  to  an  anastomotic  filament  which  it  derives 
vm  the  posterior  root. 

limetiins  of  the  spinal  cord. — Since  nerves  of  sensation  and  mo- 
OD  have  their  origin  from  the  cord,  it  cannot  be  doubted  that  this 
rgan  is  the  medium  for  the  reception  and  propagation,  first,  of  sensi- 
TC  impressions  made  upon  those  surfaces  on  which  its  nerves  are 
iatribated,  and  secondly,  of  those  impulses  which  are  the  ordinary 
leitanta  of  muscular  movements. 

Experiment  and  clinical  observation,  however,  show  that  sensa- 
OD  and  voluntary  motion  are  not  connected  with,  or  dependent  on, 
le  apinal  cord  alone.  If  the  connections  of  this  organ  with  the  en- 
sphalon  be  perfect,  and  uninterrupted  by  any  solution  of  continuity, 
lorbid  deposit  in  it,  or  morbid  growth  causing  compression,  then  the 
isential  condition  for  the  full  play  of  the  nervous  force,  whether  for 
maation  or  voluntary  motion,  is  fulfilled.  But  if  the  cord  be  severed 
tat  below  the  plane  of  the  occipital  foramen,  as  when  an  animal  is 
ithed,  all  voluntary  power  over  the  parts  supplied  by  spinal  nervea 
^ases,  and  all  sensation  in  those  parts  disappears  at  the  same  time. 
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Here  the  cord  itself  is  UDinjared;  but  its  continuity  with  the  enc^ 
phalon  is  destroyed. 

In  cases  of  injury  to  the  yertebral  column,  causing  fracture  aid 
displacement  of  the  vertebrse,  and  destruction  of  the  cord,  the  pirti 
supplied  from  that  portion  of  the  cord  which  is  below  the  seat  of 
injury  are  paralyzed  as  regards  voluntary  motion  and  sensation.  The 
higher  the  seat  of  injury,  the  more  extensive  will  be  the  paralju 
A  man  who  has  received  extensive  injury  of  the  spinal  cord  in  tk 
neck,  is  like  a  living  head  and  a  dead  trunk, — dead  to  its  own  seon- 
tions,  and  to  all  voluntary  control  over  its  movements. 

Similar  remarks  may  be  made  respecting  those  cases  in  which  dis- 
ease, or  compression  of  the  cord  by  some  intra*spinal  growth,  hu 
interrupted  its  continuity  in  some  region.  The  extent  of  the  para- 
lyzed parts  always  affords  a  correct  indication  of  the  seat  of  the 
solution  of  continuity. 

If  the  spinal  cord  be  divided  partially  in  the  transverse  direetioB, 
there  will  be  paralysis  of  parts  on  the  same  side  with  the  injury  in- 
flicted. A  longitudinal  section  of  the  cord  along  the  median  line 
does  not  cause  any  paralysis;  a  temporary  disturbance  of  its  function!, 
however,  ensues,  which  soon  subsides. 

So  long,  then,  as  the  spinal  cord  and  encephalon  are  continuou, 
and  in  their  normal  state,  the  former  organ  must  be  regarded  as  sp^ 
cially  adapted  to  receive  and  propagate  sensitive  impressions  from  the 
trunk  and  extremities,  or  to  convey  the  stimulus  of  volition  to  their 
muscular  nerves. 

There  is  nothing,  however,  in  these  facts  to  denote  that  the  spinal 
cord  does  not  share,  in  some  degree  in  the  function  of  sensation  and 
voluntary  motion.  All  that  we  are  justified  in  inferring  from  them  tS| 
that  the  union  of  the  encephalon  with  the  spinal  cord  is  necessary  for 
voluntary  motion  and  for  sensation. 

Indeed,  the  recent  discovery  of  the  amphioxus  lanceolaiuSj  a  small 
fish  found  in  the  Archipelago,  makes  it  probable  that  yoluntaiy  mo- 
tion and  sensation  may  exist  where  there  is  a  well-developed  spinal 
cord,  the  anterior  extremity  of  which  tapers  to  a  fine  point,  and  is  far 
from  exhibiting  the  ordinary  characteristics  even  of  a  brain  so  inferior 
in  organization  as  that  of  fishes.* 

In  most  instances  where  the  spinal  cord  has  been  divided,  whether 
by  design  or  accident,  it  has  been  found  that,  although  the  will  can- 
not move  the  paralyzed  parts,  movements  do  occur  in  them  of  which 
the  individual  is  unconscious,  and  which  he  is  wholly  unable  to  pre- 
vent. These  take  place  sometimes  as  if  spontaneously,  at  other  times 
as  the  effect  of  the  application  of  a  stimulus  to  some  surface  supplied 
by  spinal  nerves.  The  apparently  spontaneous  movements  frequently 
resemble  voluntary  actions  so  closely,  that  it  is  almost  impossible  to 
distinguish  them. 

These  phenomena  occur  in  all  classes  of  animals,  warm*blooded  as 
well  as  cold-blooded.  In  the  latter,  however,  they  are  much  more 
marked  ;  the  nervous  force  endures  much  longer  in  these  animals  than 

*  Goodsir,  in  Ed.  Philos.  Transactions,  and  Cyclop,  of  Anat.,vol.  iii.,  p.  615. 
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the  higher  classes  of  mammalia  and  birds,  just  as  we  have  already 
en  that  the  muscular  power  does,  although  we  have  no  reason  to 
ppose  that  either  force  is  more  energetic,  because  it  is  more  enduring. 
a  this  account  cold-blooded  animals  must  be  selected  for  exhibiting 
e  phenomena;  and  accordingly  hosts  of  frogs,  salamanders,  snakes, 
rtles,  and  fishes  have  fallen  a  prey  to  the  experimental  researches 
the  numerous  physiologists  who  have  devoted  themselves  to  these 
vestigations. 

The  following  experiments  serve  to  illustrate  these  actions: 
If  a  frog  he  pithed  by  dividing  the  spinal  cord  between  the  occi* 
tal  hole  and  the  first  vertebrae,  an  universal  convulsion  takes  place 
bile  the  knife  is  passing  through  the  nervous  centre.  This,  how- 
rer,  quickly  subsides;  and,  if  the  animal  be  placed  on  a  table,  he 
ill  assume  his  ordinary  position  of  rest.  In  some  exceptional  cases, 
»wever,  frequent  combined  movements  of  the  lower  extremities  will 
ke  place  for  a  longer  or  shorter  time  after  the  operation.  When  all 
ich  disturbance  has  ceased,  the  animal  remains  perfectly  quiet,  and 
i  if  in  repose,  nor  does  there  appear  to  be  the  slightest  expression 
'  pain  or  suffering.  He  is  quite  unable  to  move  by  any  voluntary 
G>rt.  However  one  may  try  to  frighten  him,  he  remains  m  the  same 
ace  and  posture.  If  now  a  toe  be  pinched,  instantly  the  limb  is 
lawn  op,  or  he  seems  to  push  away  the  irritating  agent,  and  then 
«ws  up  the  leg  again  into  its  old  position.  Sometimes  a  stimulus 
'this  kind  causes  both  limbs  to  be  violently  moved  backwards.  A 
nilar  movement  follows  stimulation  of  the  anus.  If  the  skin  be 
Ached  at  any  part,  some  neighbouring  muscle  or  muscles  will  be 
lOWD  into  action.  Irritation  of  the  anterior  extremities  will  occa* 
OB  movements  in  them  ;  but  it  is  worthy  of  note,  that  these  move- 
ents  are  seldom  so  energetic  as  those  of  the  lower  extremities. 
It  is  not  out  of  place  to  state  here,  that  phenomena  of  this  kind 
e  not  confined  to  the  trunk  and  extremities  which  are  supplied  by 
iinal  nerves  only.  The  head  and  face  with  which  the  encephalon 
mains  in  connection  exhibit  similar  actions.  The  slightest  touch  to 
e  margin  of  either  eyelid,  or  to  the  surface  of  the  conjunctiva,  causes 
ilmntaneous  winking;  the  attempt  to  depress  the  lower  jaw,  for  the 
irpose  of  opening  the  mouth,  is  resisted ;  and  the  act  of  deglutition 

provoked  by  applying  a  mechanical  stimulus  to  the  back  of  the 
foat. 

The  stimuli  which  excite  these  movements  are  those  ordinary  ones 
hich  are  capable  of  calling  nervous  power  into  play,  such  as  mecha- 
eal  irritation,  heat,  cold,  galvanism,  chemical  irritants. 
There  can  be  no  grounds  for  supposing  that  the  will  has  anything 

do  with  these  movements.  An  animal  pithed,  which  is  to  all  in- 
Dta  and  purposes  in  the  same  condition  as  one  decapitated,  shows 
I  sign  of  voluntary  action,  excepting  perhaps  for  a  short  time  after 
e  operation,  whilst  the  irritation  caused  by  the  division  of  the  cord 
mains.  He  maintains  one  and  the  same  position,  without  evincing 
17  sien  of  sense  or  motion,  unless  a  stimulus  be  applied  to  some 
irt  of  the  surface;  and,  after  the  movement  which  such  a  stimulus 
:eited  has  ceased,  he  resumes  the  same  state  of  inactivity. 
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Comparing  this  state  of  a  pithed  or  decapitated  animal  with  the 
phenomena  which  we  know  to  take  place  in  the  human  sabjecl  io 
effect  of  particular  forms  of  accident  or  disease,  it  is  impossible  to 
regard  these  actions  in  any  other  light  than  as  involuntary  ones.  To 
refer  once  more  to  such  a  case  as  that  cited  in  a  former  paragrapk, 
when,  from  the  destruction  of  the  cervical  part  of  the  cord,  the  tmok 
appears  as  if  dead,  while  the  head  lives,  we  find  in  many  instances, 
if  the  stunning  effect  have  not  been  too  great,  that  similar  motions  to 
those  described  in  the  frog  may  be  produced  by  the  application  of 
mechanical  or  other  stimuli  to  the  surface.  Tickling  the  soles  of  the 
feet  causes  movements  of  the  lower  extremities :  the  introduction  of 
a  catheter  into  the  urethra,  which  is  not  felt  by  the  patient,  exeitei 
the  penis  to  erection.  Over  these  acts  not  only  have  the  patients  no 
control,  but  they  are  absolutely  unconscious  ot  their  occurrence,  is 
well  as  of  the  application  of  the  stimuli  by  which  they  were  provoked. 
It  is  plain,  then,  that  these  movements  take  place  without  the  con- 
currence or  even  the  cognizance  of  the  mindj  whether  as  the  recipient 
of  stimuli,  or  as  the  source  of  voluntary  impulses. 

In  hemiplegia,  the  result  of  diseased  brain,  when  the  paralysis  is 
complete,  the  influence  of  the  will  over  the  paralyzed  side  is  altogether 
cut  off.  In  such  cases,  movements  may  be  excited  in  the  palsied 
leg — very  rarely  in  the  arm — by  stimuli  applied  to  the  sole  of  the 
foot,  or  elsewhere ;  and  we  often  astonish  the  patient  himself,  who 
expresses  his  utter  inability,  by  any  efibrt  of  his  will,  to  move  his 
leg,  by  exciting  active  movement  of  it  on  touching  the  sole  of  the 
foot  very  lightly  with  a  feather.  It  is  proper  to  add,  that  there  is 
much  variety  as  regards  the  extent  to  which  these  actions  take  place 
in  hemiplegic  cases,  owing  to  causes  which  are  not  yet  fully  unde^ 
stood.  Still,  they  do  occur  in  a  large  proportion  of  instances,  and  in 
the  most  marked  way.  In  most  of  the  cases  of  hemiplegia  the  sur- 
face retains  its  sensibility;  but  in  most  of  those  of  paraplegia  seasi* 
bility  is  much  diminished  or  completely  destroyed. 

In  the  anencephalic  fcetus,  in  which  all  the  encephalon  bat  part  of 
the  medulla  oblongata  is  wanting  by  congenital  defect,  actions  take 
place  in  obedience  to  stimuli  propagated  to  the  cord  from  some  sur- 
face, or  applied  directly  to  it ;  but  no  movements  are  seen  which  can 
be  supposed  to  originate  in  an  effort  of  the  will,  nor  is  there  any  proof 
of  the  existence  of  sensibility. 

Other  facts  may  be  adduced  in  evidence  of  the  involuntary  nature 
of  these  movements. 

It  is  remarkable  that  actions  of  this  kind  will  continue  to  be  mani- 
fested after  decapitation,  not  only  in  the  trunk,  but  also  in  segments 
of  it  with  which  a  portion  of  the  spinal  cord  remains  in  connection. 
If  the  body  of  a  snake  or  an  eel  be  divided  into  several  segments, 
each  one  will  exhibit  movements  for  some  time,  upon  the  application 
of  a  stimulus.  The  same  thing  may  be  observed  in  frogs,  salaman- 
ders, turtles,  and  other  cold-blooded  creatures.  In  birds  and  mam- 
malia, however,  they  are  less  conspicuous,  because  in  them  the  nervoas 
power  is  so  soon  extinct. 

These  facts  suggest  an  obvious  comparison  between  the  spinal  cord 
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■brate  animals  and  the  abdominal  gan|lionic  chain  of  articulate 
brata.  In  the  latter,  each  segment  of  the  body  has  its  proper 
nic  centres,  and  is,  therefore,  to  a  certain  extent,  independent 

rest.  Every  schoolboy  has  witnessed  the  writhings  of  an 
)nn,  which  his  mischievous  propensity  has  prompted  him  to 
into  several  pieces.     Movements  will  continue  in  each  piece 

as  the  irritation  produced  by  the  subdivision  remains;  and, 
at  has  ceased,  movements  may  be  excited  in  any  segment  by 
ting  its  surface.  These  movements  seem  precisely  analogous 
5  which  may  be  excited  in  the  subdivisions  of  the  trunk  of  a 
ate  animal.  The  spinal  cord,  then,  may  be  viewed  as  one 
lOQS  centre,  made  up  of  a  number  of  segments  fused  together 

extremities.  In  the  Articulate  ganglionic  chain  the  centres  of 
ments  remain  distinct,  although  connected  by  fibres  which  pass 
le  to  the  other. 

ID  the  spinal  cord  is  divided  about  its  middle,  a  remarkable 
ice  may  be  noticed  in  the  eflects  of  irritation  on  the  anterior 
I  posterior  segment,  as  shown  in  some  of  Flourens'  experiments. 
the  anterior  segment  (that  which  still  retains  its  connection 
e  brain)  is  irritated,  not  only  are  movements  of  the  anterior 
ities  produced,  but  the  animal  evinces  unequivocal  signs  of 
but,  when  the  posterior  segment  is  irritated,  the  animal  seems 
y  insensible  to  pain,  but  unconscious  even  of  the  movements 
ve  been  excited  in  the  posterior  extremities. 
ling  can  be  more  conclusive  than  such  an  experiment,  in  illus- 
of  the  fact  that  connection  with  the  encephalon  is  necessary  to 
30 ;  and  that  movements,  not  only  without  volition,  but  even 
t  consciousness,  may  be  excited  by  stimulating  the  posterior 
its. 

ct  irritation  of  the  spinal  cord  is  capable  of  exciting  these  move- 
is  much  as  when  the  stimulus  is  applied  to  the  skin. 
m  the  spinal  cord  is  removed,  all  these  motions  cease ;  no 
lent  of  any  kind,  voluntary  or  involuntary,  can  then  be  excited, 
by  directly  stimulating  the  muscles,  or  the  motor  nerves  by 
the  muscles  are  supplied.  Division  of  all  the  roots  of  the 
at  their  emergence  from  the  cord  produces  precisely  the  same 

Under  such  circumstances  no  motion  can  be  excited  by  stim- 

of  the  surface,  nor  by  stimulation  of  the  cord  itself;  and 
it  may  be  regarded  as  an  unequivocal  proof  that  the  nerves,  in 
7  actions,  are  propagators  of  the  change  pro([uced  by  im- 
DS  to  or  from  the  centres ;  and  that  in  the  physical  nervous 

the  stimulus  acts  not  from  one  nerve  to  another  directly,  but 
I  the  afferent  nerve  upon  the  centre,  by  which  the  motor  nerve 
ted. 

a  these  details  we  may  draw  the  following  conclusions: — 1, 
•spinal  cord,  (we  use  the  term  in  its  simple  anatomical  sense, 
ntra-spinal  nervous  mass,)  in  union  mih  the  hrain^  is  theinstru- 
f  sensation  and  voluntary  motion  to  the  trunk  and  extremities; 
the  spinal  cord  may  be  the  medium  for  the  excitation  of  move- 
independently  of  volition  or  sensation,  eithv  by  direct  irritation 
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of  its  substance,  or  by  the  influence  of  a  stimulus  conveyed  to  it  from 
some  surface  of  the  trunk  or  extremities  by  its  nerves  distributed  upot 
that  surface. 

This  latter  office  of  the  cord,  although  recognized  by  Whjtt, 
Prochaska,  Blane,  and  Flourens,  had  not  attracted  all  the  notice 
which  its  great  importance  merits,  until  the  researches  of  Dr.  Ma^ 
shall  Hall  and  Professor  Muller  drew  attention  to  them ;  and  to  these 
physiologists,  but  especially  to  the  former,  much  praise  is  due  for  the 
zealous  and  efficient  manner  in  which  they  have  investigated  the  sub- 
ject. 

The  class  of  actions  which  take  place  in  virtue  of  this  power  of 
the  cord  are  so  independent  of  all  mental  influence,  and  so  purelj 
physical  in  their  cause,  as  well  as  in  their  nature,  being  provoked  bj 
a  physical  stimulus,  and  consisting  essentially  in  a  physical  change 
in  the  centre,  as  well  as  in  its  aflferent  and  eflferent  nerves,  thit 
they  may  be  distinguished  from  those  of  volition  and  sensation,  in 
which  the  mind  has  a  necessary  share,  by  being  designated  "  phy- 
sical." It  has  been  already  stated  that  Dr.  Marshall  Hall  uses  the 
not  unobjectionable  title  of  ^^  excito-motory"  in  reference  to  these 
actions. 

In  general,  when  a  stimulus  is  applied  to  the  spinal  cord,  the  ac- 
tions which  are  excited  by  it  are  confined  to  a  part  which  derives  its 
nerves  from  that  segment  of  the  cord  on  which  the  stimulus  falls.  la 
some  instances,  however,  parts  supplied  from  other  and  even  distant 
segments  are  thrown  into  action.  Thus  irritation  of  one  leg  will 
cause  movements  of  one  or  both  of  the  upper  extremities;  the  mtro- 
duction  of  a  catheter  into  the  urethra  will  sometime  cause  forcible 
contractions  of  the  muscles  of  all  the  limbs.  No  doubt  these  effects 
are  due  to  the  extension  of  the  irritation  in  the  cord  beyond  the  point 
first  stimulated ;  and  they  may  be  regarded  as  proofs  that  that  pecaliar 
state  of  physical  change  which  nervous  irritation  can  excite  in  a 
centre  may  be  propagated  in  the  spinal  cord,  upwards,  downwards, 
or  sideways  from  the  seat  of  the  primary  stimulation. 

Disease  afTords  some  striking  instances  in  confirmation  of  this  re- 
mark. 

A  wound  in  the  sole  of  the  foot,  or  the  ball  of  the  thumb,  or  in 
some  other  situation  favourable  to  the  maintenance  of  prolonged 
irritation,  is  capable  of  exciting  a  particular  region  of  the  cord,  from 
which  the  state  of  excitement  spreads  so  as  to  involve  not  only  the 
whole  cord,  but  part  of  the  medulla  oblongata  also ;  and  in  this  state 
a  large  proportion  of  the  motor  nerves  participate,  so  as  to  induce 
tonic  contraction  of  the  muscles  they  supply.  This  is  the  rationale 
of  the  development  of  that  fearful  malady  called  tetanus.  It  consists 
not  in  an  inflammatory  aflection  of  the  cord,  or  of  its  membranes,  nor 
in  congestion  of  them,  but  simply  in  a  state  of  prolonged  physical 
excitement,  the  natural  polar  force  of  the  centre  being  greatly  exalted, 
and  kept  so  by  the  constant  irritation  propagated  to  it  by  the  nerves 
of  the  wounded  part. 

In  cases  of  paraplegia  from  disease  of  the  spinal  cord,  even  when 
the  paralysis  of  sensation  and  of  motion  is  complete,  patients  are 
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tonnented  with  involuntary  moyements  of  the  lower  extremities  at 
■ight,  which  not  onlj  prevent  sleep,  but  occasion  considerable  pain 
■id  distress.  Thus,  parts  which  in  their  quiescent  state  are  insensible, 
become  painful  in  the  state  of  excitement.  The  cause  of  this  is  no 
doubt  to  be  found  in  a  periodical  exacerbation  of  the  primary  disease 
of  the  cord,  and  the  extension  of  the  state  of  excitement  from  the 
aeat  of  the  lesion  to  the  whole  cord ;  to  that  portion  which  is  in  con- 
Beclion  with  the  brain,  as  well  as  to  that  which  is  below  the  lesion. 

Hie  rigid  and  contracted  state  of  the  muscles  of  paralyzed  limbs, 
which  frequently  accompanies  red  softening  of  the  brain,  arises  from 
the  propagation  of  the  excited  state  of  the  diseased  part  of  the  brain 
to  that  portion  of  the  spinal  cord  which  is  connected  with  it,  and  from 
which  the  nerves  of  the  paralyzed  parts  arise.  These  nerves  likewise 
participate  in  the  irritation  of  the  cord,  and  thus  keep  the  muscles  in 
a  eontinual  state  of  active  contraction.  There  is  no  organic  lesion  of 
tfM  cord  in  these  cases ;  its  state  of  excitement  is  dependent  on  the 
cerebral  irritation. 

The  convulsions  of  epilepsy  arise  from  a  similar  cause,  namely, 
ifritation  of  the  brain,  involving  the  whole  or  a  part  of  the  spinal  cord, 
and  the  nerves  arising  from  it.  In  many  instances  the  convulsions  are 
United  to  one- half  of  the  body :  in  such  cases  there  is  generally  lesion 
of  the  brain  on  one  side,  and  the  cerebral  excitement  is  propagated 
only  to  one-half  (the  opposite)  of  the  cord. 

Some  substances  exert  a  peculiar  influence  upon  the  spinal  cord, 
and  throw  it  into  a  state  of  considerable  polar  excitement.  Strychnine 
is  the  most  energetic  substance  of  this  class.  If  a  certain  quantity  of 
this  drug  be  injected  into  the  blood,  or  taken  into  the  stomach  of 
an  animal,  a  state  of  general  tetanus  will  quickly  ensue,  sensibility 
remaining  unimpaired.  The  slightest  touch  upon  any  part  of  the 
nrface,  even  a  breath  of  wind  blown  upon  it,  will  cause  a  general 
or  partial  convulsive  movement.  The  whole  extent  of  the  cord  is 
thrown  into  this  polar  state,  and  even  the  medulla  oblongata  is  in- 
volved in  it ;  whence  the  closed  jaws,  the  spasmodic  state  of  the  facial 
muscles,  the  diflBcult  deglutition.  In  this  remarkable  state  of  excite- 
ment it  is  curious  to  observe  that  the  spinal  cord  is  perfectly  natural 
in  point  of  structure,  as  far  as  our  means  of  observation  enable  us  to 
judge.  We  have  examined  some  spinal  cords,  of  animals  which 
have  died  exhausted  by  the  eflects  of  the  strychnine,  but  have  always 
Iband  the  nerve-tubes  and  other  elements  of  the  cord  exhibiting  their 
natural  appearance. 

Opium  is  capable  of  creating  a  similar  state  of  polarity  in  the  cord. 
This  is  most  conspicuous  in  cold-blooded  animals;  but  no  doubt  it 
produces,  in  a  much  less  degree,  a  similar  efl'ect  in  the  warm-blooded 
classes.  Hence  there  is  an  objection  to  the  use  of  opium  in  large 
doses  in  cases  of  tetanus ;  and  experience  has  shown  its  utter  ineflicacy 
when  administered  to  a  large  amount. 

This  polar  state  of  the  cord,  at  least  of  a  part  of  it,  is  sometimes 

developed  naturally.     The  most  remarkable  example  of  this  with 

which  we  are  acquainted  is  in  the  case  of  the  male  frog,  in  the  spring 

af  the  year,  the  season  of  copulation;  the  thumb  on  each  hand  be- 

19 


288  INNERYATIOK.    . 

coming  at  this  season  considerably  enlarged,  as  is  well  Vm 
naturalists.  This  enlargement  is  caused  principally  by  a  conaii 
development  of  the  papillary  strucfure  of  the  skin  which  eo 
so  that  large  papillae  are  formed  all  over  it.  A  male  frog  at  t&ii 
has  an  irresistible  propensity  to  cling  to  any  object  by  seiziii] 
tween  his  anterior  extremities.  It  is  in  this  way  he  seizes  u| 
clings  to  the  female,  fixing  his  thumbs  to  each  side  of  her  ab 
and  remaining  there  for  weeks,  until  the  ova  have  been  con 
expelled.  An  effort  of  the  will  alone  could  not  keep  up  such 
uninterruptedly  for  so  long  a  time  ;  yet  so  firm  is  the  hold  tha 
with  difficulty  be  relaxed.  Whatever  is  brought  in  the  waj 
thumbs  will  be  caught  by  the  forcible  contraction  of  the  ) 
limbs;  and  hence  we  oAen  find  frogs  cl'mging  blindly  to  a] 
wood,  or  a  dead  fish,  or  some  other  substance  which  they  may 
to  meet  with.  If  the  finger  be  placed  between  the  anterior  c 
ties,  they  will  grasp  it  firmly;  nor  will  they  relax  their  grasp  qo 
are  separated  by  force.  If  the  animal  be  decapitated  whilst  th 
is  within  grasp  of  its  anterior  extremities,  they  still  continue 
on  firmly.  The  posterior  half  of  the  body  may  be  cut  away, 
the  anterior  extremities  will  still  cling  to  the  finger ;  but  imm( 
that  segment  of  the  cord  from  which  the  anterior  extremiliei 
their  nerves  has  been  removed  all  their  motion  ceases.  This 
instinct,  then,  of  the  male  frog,  which  naturalists  have  long  i 
is  evidently  connected  with  an  exalted  polarity  of  the  cord,  i 
most  manifest  in  the  anterior  extremities  by  reason  of  the  enlai 
of  the  thumb.  It  only  exists  during  the  period  of  sexual  exci 
for  at  other  periods  the  excitability  of  the  anterior  extremities 
siderably  less  than  that  of  the  posterior. 

Nothing  seems  to  control  this  polar  state  of  the  cord  so  eff 
as  cold.  Ice  applied  along  the  spine,  or  the  cold  douche, 
frequently  employed  with  great  advantage  in  cases  of  muscu 
turbance  dependent  on  this  polar  state  of  the  cord.  We  kno 
substance  which,  when  introduced  into  the  blood,  eflectuall 
this  excited  state.  Conium  and  belladonna  have  been,  in  oui 
very  useful  in  relieving  the  cramps  and  startings  in  paraplegi 
We  have  seen  no  marked  benefit  from  hydrocyanic  acid,  a 
we  have  administered  it  freely:  on  the  contrary,  we  fear  thai 
and  the  two  former  substances  might,  if  given  in  large  dosi 
the  contrary  effect,  and  increase  the  polarity  of  the  cord.  C 
is,  that  animals  poisoned  by  large  doses  of  these  drugs  alwaj 
a  state  of  general  convulsion,  and  that  in  the  instances  wh( 
have  acted  as  poisons  on  the  human  subject,  general  con 
have  come  on  a  longer  or  shorter  time  before  death. 

Functions  of  the  columns  of  the  cord, — Having  so  far  det 
the  functions  of  the  entire  cord,  the  next  question  which  c 
our  attention  is,  whether  its  columns  have  special  function 
cordance  with  those  of  the  separate  roots  of  the  nerves.  Co\ 
proved  that  the  anterior  or  motor  roots  were  exclusively  cc 
with  the  antero-lateral  columns,  and  that  the  posterior  or  t 
ones  arose  exclusively  from  the  posterior  columns,  then  ther 
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k  pod  anatotnical  grounds  for  the  doctrine  so  long  erroneously  pre- 
nlent,  that  the  functions  of  these  columns  coincided  with  those  of 
Ike  roots,  that  the  posterior  columns  were  sensitive  and  the  anterior 
■otor:  but  nothing  is  more  certain  than  that  both  roots  are  connected 
vidithe  antero-lateral  columns;  and  it  is  a  matter  of  some  doubt 
whether  the  posterior  roots  have  any  connection  at  ail  veith  the  poste- 
fiorcolamns.  Hence,  all  that  anatomy  warrants  ua.in  stating  is,  that 
tte  iDtero-lateral  columns  are  probably  compound  in  function,  both 
Botorand  sensitive.  Respecting  the  office  of  the  posterior  columns 
little  can  be  said.  Are  they  sensitive?  Were  they  so,  it  might  be 
eipected  that  they  would  exhibit  an  obvious  enlargement  at  the 
ataations  which  correspond  to  the  origins  of  the  largest  sensitive 
■crves;  but  it  is  remarkable  that  the  posterior  columns  exhibit  little 
variation  of  size  throughout  the  entire  length  of  the  cord.  And  it  is 
not  likely  they  can  be  motor,  inasmuch  as  the  apparent  origin  of  the 
Motor  roots  is  so  distinctly  remote  from  them. 

Comparative  anatomy  throws  no  light  on  this  question.  New  and 
carefiil  researches  are  much  needed  to  determine  the  development 
of  the  posterior  columns,  and  the  exact  relation  which  the  posterior 
nots  bear  to  them  in  different  classes  of  animals. 

Nor  do  we  derive  much  positive  knowledge  from  the  researches  of 
the  morbid  anatomist.  Cases,  indeed,  are  on  record,  which  show  that 
dbeise  of  the  posterior  columns  does  not  necessarily  destroy  sensi- 
hilitjr;  that  perfect  sensibility  is  compatible  with  total  destruction  of 
the  posterior  columns  in  some  particular  region,  the  posterior  roots 
Rmaining  intact;  and  others  have  occurred  in  which  sensibility  has 
heen  impaired  or  destroyed,  while  the  posterior  columns  remained 
perfi^tly  bealthv.  In  a  remarkable  case,  related  by  Dr.  Webster, 
there  was  complete  paralysis  of  motion  in  the  lower  extremities,  but 
■enibility  remained  ;*  yet  there  was  complete  destruction  of  the 
posterior  columns  in  the  lower  part  of  the  cervical  region.  Similar 
Wes  have  been  put  on  record  by  Mr.  Stanley  and  by  Dr.  W.  Budd. 
Dr.  Nasse,  of  Bonn,  refers  to  several  cases,  of  the  same  kind,  observed 
ij  himself  or  others.f  We  have  ourselves  seen  two  cases  in  which 
le  prominent  symptom  was  great  impairment  of  the  motor  power 
rithout  injury  to  the  sensitive ;  yet  the  seat  of  organic  lesion  in  both 
IS  in  the  posterior  columns  of  the  cord.  Such  a  case  as  that  of  Dr. 
Webster's  appears  to  us  to  be  conclusive,  so  far  as  the  following  pro- 
mtion  extends,  namely,  that  sensation  may  be  enjoyed  in  the  inferior 
[tremities  independently  of  the  posterior  columns  ;  and  that,  even  if 
ose  columns  be  sensitive,  there  must  be  some  other  channel  for  the 
insmission  of  sensitive  impressions  besides  them. 
We  are  not  aware  of  any  well  observed  case  in  which  the  motor 
»wer  persisted  after  extensive  lesion  of  the  antero-lateral  columns; 
I  the  contrary,  we  believe  it  may  be  laid  down  as  the  general  rule, 
at  lesion  of  those  columns  always  impairs  both  the  motor  and  the 
Dsitive  functions  to  an  extent  proportionate  to  the  amount  of  morbid 
ncture. 

*  Med.  Cbir.  Trans.,  vol.  zzvi. 

f  UaiersachaDgen  zur  Physiologic  and  Patbologie.    Bonn,  1835-36. 
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Pathological  observations,  then,  appear  to  warrant  the  codcIqmi 
that  the  antero-lateral  columns  are  compound  in  function,  both  seas* 
tive  and  motor,  but  they  do  not  justify  us  in  attributing  aenatin 
power  to  the  posterior  columns. 

Direct  experiments  on  the  anterior  and  posterior  columns  of  tk 
cord  are  surrounded  by  difGcullies,  which  embarrass  the  ezperimeiter, 
and  weaken  the  force  of  his  inferences.  The  depth  at  which  tke 
cord  is  situate  in  most  vertebrate  animals,  its  extreme  excitability,  tke 
intimate  connection  of  its  various  columns  with  each  other,  so  tbt 
one  can  scarcely  be  irritated  without  the  participation  of  the  othni* 
the  proximity  of  the  roots  of  its  nerves  to  each  other,  and  the  dift- 
culty  of  irritating  any  portion  of  the  cord  itself  without  aflecting  eitkcr 
the  anterior  or  the  posterior  roots,  are  great  impediments  to  acfunte 
experiments,  and  sulficiently  explain  the  discrepancies  which  are  ap- 
parent in  the  results  of  the  various  experiments  which  have  bcm 
published.  Moreover,  the  resultant  phenomena,  afler  experimentsoT 
this  kind,  are  extremely  difficult  of  interpretation,  especially  vith 
reference  to  sensation.  ^^Tlie  gradations  of  sensibility,"  remaihi 
Dr.  Nasse,  '^are  almost  imperceptible;  the  shades  are  so  delicatdf 
and  so  intimately  blended,  that  every  attempt  to  determine  the  line 
of  transition  proves  inadequate.  There  is  a  great  deal  of  truth  iaift 
expression  of  Calmeil,  that  it  is  much  easier  to  appreciate  a  beai- 
paralysis  of  motion  than  a  hemiparalysis  of  sensation.  If  the  anterior 
fasciculi  of  the  cord  possess  sensibility,  but  only  in  a  slight  degret, 
the  mere  opening  of  the  vertebral  canal  and  laying  bare  the  cord  roott 
cause  such  a  degree  of  pain  as  would  weaken  or  destroy  the  manifeit- 
ations  of  sensibility  in  the  anterior  fasciculi.  This  has  not  been 
suificiently  attended  to  by  experimenters.  Again  the  practice  of  fii^ 
irritating  the  posterior  fjisciculi,  and  afterwards  the  anterior,  noit 
have  had  considerable  efl'ect  in  producing  the  same  alteration.  It  is 
]>lain  that,  in  this  way,  the  relations  which  the  anterior  fasciculi  bear 
to  sensation  must  be  greatly  obscured ;  yet  with  the  exception  of  some 
few  experiments,  this  has  been  the  order  of  proceeding  generilly 
adopted."* 

Ail  those  who  have  made  experiments  with  the  view  of  ascertaining 
the  functions  of  the  columns  of  the  cord,  aojree  in  stating  that  irritation 
of  the  anterior  columns  was  attended  with  more  or  less  movement. 
The  results  of  stimuhuion  of  the  posterior  columns,  however,  hare      j 
been  dilferently  stated  by  various  observi.Ts:  ro«Tny  found  that  it  was     | 
attended  with  the  excitation  of  motion ;  and  others,  that  the  least  irrila-      ; 
tion  of  the  posterior  columns  excited  pain.     M.  I^onget,  who  isaroonsj 
the  latest  experimenters  on  this  sui)jcet,  observes,  that  motions  result 
from  irritation  of  the  posterior  columns  only  when  the  experiment  has 
been  made  immediately  alter  the  transverse  division  of  the  cord, and 
he  refers  such  motions  to  the  excitabilily  of  the  cord  itself.     After  a 
little  time,  however,  this  subsides;  and  then  AI.  Longet  has  been  able 
to  pass  the  galvanic  current  through  each  or  both  of  the  posterior 
columns,  without  exciting  any  motions  when  the  lower  segment  of  tbe 

*  Loc.  cit.;  quoted  from  an  abstract  in  the  Brit,  and  For.  Med.  Review,  vol.  ir. 
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cofd  was  acted  upon,  but  causing  pain,  as  evinced  by  loud  cries  and 
mithing  of  the  body,  when  the  upper  segment  was  tried.  Dr.  Baly'a 
nperiments  on  tortoises  showed  that  movements  might  be  excited 
whether  the  anterior  or  posterior  columns  were  irritated,*  much 
itronger  motions  being  excited  by  the  posterior  than  by  the  anterior 
columns. 

It  is  clear,  then,  that  we  must  not  draw  any  other  conclusion  from 
nperiment  than  that  the  antero-Iateral  columns  appear  to  be  motor 
fat  their  function.  Respecting  their  sensitive  power  we  gain  no  inform- 
ation from  this  source :  and  it  must  be  confessed  that  our  knowledge 
imo  more  advanced  by  it  as  regards  the  posterior  columns. 

We  fere  much  disposed  to  think  that  the  antero-Iateral  columns  are 
(be  centres  of  the  main  actions  of  the  cord,  whether  mental  or  physical. 
Both  roots  of  the  nerves  are  connected  with  these  columns,  and  there- 
Are  fibres  of  sensation  and  of  motion  must  be  found  in  them.  These 
colanns  are  always  proportionate  to  the  nerves  which  arise  from  them : 
Ifcey  enlarge  when  the  nerves  are  large,  and  contract  when  the  nerves 
^ininish  in  size.  The  posterior  columns,  on  the  other  hand,  are  of 
Vniform  dimension  throughout  nearly  the  entire  length  of  the  cord, 
thhoogh  the  posterior  roots  of  the  nerves  exhibit  considerable  dif- 
ference in  point  of  size  in  diflerent  regions. 

_  We  venture  to  suggest  that  the  posterior  columns  may  have  a  func- 
tNm  diflferent  from  any  hitherto  assigned  to  them.  They  may  be  in 
put  commissural  between  the  various  segments  of  the  cord,  and  in 
pirt  subservient  to  the  function  of  the  cerebellum  in  regulating  and 
co-ordinating  the  movements  necessary  for  perfect  locomotion. 

The  analofl^  of  the  brain,  in  which  the  various  segments  are  con- 
■wted  by  longitudinal  commissures,  suggests  the  probable  existence 
of  fibres  similar  in  office  for  the  spinal  cord.  If  we  admit  such  fibres 
to  be  necessary  to  ensure  harmony  of  action  between  the  several  seg- 
■CDts  of  the  encephalon,  there  are  as  good  grounds  for  supposing 
4eir  existence  in  the  cord,  which  in  reality  may  be  regarded  as  con- 
Rsting  of  a  number  of  ganglia,  each  a  centre  of  innervation  to  its 
TOper  segment  of  the  body,  and  therefore  requiring  some  special 
wonecting  fibres  to  secure  consentaneous  action  with  the  rest. 
The  attribute  of  locomotive  power  rests  upon  the  connection  of  the 
osterior  columns  with  the  cerebellum,  and  the  probable  influence  of 
lat  organ  over  locomotion.  If  the  cerebellum  be  the  regulator  of 
corootive  actions,  it  seems  reasonable  to  suppose  that  those  columns 
'the  cord  which  mainly  pass  into  it,  should  enjoy  a  similar  function; 
at,  as  they  are  the  principal  medium  through  which  the  cerebellum 
brought  into  connection  with  the  cord,  it  must  be  through  their 
matituent  fibres  that  the  cerebellum  exerts  its  influence  on  the  nerves 
the  lower  extremities,  and  of  other  parts  concerned  in  the  locomo- 
re  function. 

The  nearly  uniform  size  of  the  posterior  columns  in  the  diflFerent 
gions  of  the  cord  has  been  already  remarked  as  unfavourable  to 
eir  being  channels  of  sensation.  But  this  anatomical  fact  may  b« 
daced  as  a  good  argument  in  support  of  the  hypothesis  which  we 

*  See  his  translation  of  Muller*s  Physiology,  Second  Edit,  p.  796. 
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are  now  discussing.  It  is  worthy  of  notice  that  these  columns  ei- 
perience  no  marked  diminution  in  size  until  the  large  sacral  nerrOi 
which  furnish  the  principal  nerves  of  the  lower  extremities,  begiDtD 
come  ofi*. 

In  examining  a  transverse  section  of  the  lumbar  region  of  the  cord, 
we  observe  a  great  predominance  of  its  central  gray  matter;  the  pot* 
terior  columns  appear  large,  and  the  antero-lateral  columns  inadeqMte 
in  proportion  to  the  large  roots  of  nerves  which  emerge  from  it 
Now,  an  analysis  of  the  locomotive  agtions  renders  it  highly  proh- 
ble  that  they  are  partly  of  a  volitional  character  and  partly  depeodeit 
on  the  inherent  power  of  that  segment  of  the  cord  from  %hich  the 
lower  extremities  derive  their  nerves.  In  progression  there  are  two 
objects  to  be  attained, — to  support  the  centre  of  gravity  of  the  bodj, 
and  to  propel  it  onward ;  the  former  object  requiring,  first,  that  tk 
muscles  of  the  lower  extremities,  the  pillars  of  support  to  the  traok, 
should  be  well  contracted,  in  a  degree  proportionate  to  the  weight 
they  have  to  sustain.  Those  actions  by  which  the  trunk  is  balanMd 
upon  the  limbs,  and  by  which  the  movements  of  progression  art 
effected,  are  subsequently  called  into  play  through  mental  influenn- 
The  contraction  of  the  muscles  of  the  limbs  seems  well  provided  for 
in  an  arrangement  for  the  developmentof  nervous  power  by  a  stiroola 
propagated  to  the  centre.  This  stimulus  is  afforded  by  the  applicatioa 
of  the  soles  of  the  feet  to  the  ground  ;  it  is  therefore  proportionate  to 
the  weight  which  presses  them  downwards.  It  is  well  known  that 
physical  nervous  actions  are  more  developed  in  the  lower  than  in  tke 
upper  extremities,  and  the  surface  of  the  sole  of  the  foot  is  well  adapted 
for  the  reception  of  sensitive  impressions.  No  object  can  be  assigned 
for  this  peculiarity,  unless  it  have  reference  to  the  locomotive  actioni; 
and  the  great  development  of  the  vesicular  matter  in  this  region  b^ 
tokens  the  frequent  and  energetic  evolution  of  the  nervous  force.  All 
the  structural  arrangements  necessary  for  this  purpose  are  found  in  tkc 
antero-lateral  columns.  The  posterior  columns  come  into  play  in 
balancing  the  trunk,  and  in  harmonizing  its  movements  with  those  of 
the  lower  extremities. 

Experiment,  while  it  fails  to  elucidate  the  function  of  the  posterior 
columns,  exhibits  nothing  in  opposition  to  the  views  we  have  ex- 
pressed. It  is  not  to  be  expected  that  commissural  and  co-ordinat- 
ing fibres  should  react  with  stimuli  similarly  to  fibres  of  voluntary 
motion. 

We  think  that  the  phenomena  of  disease  may  be  referred  to  in 
support  of  our  view.  In  many  cases  where  the  principal  symptom 
has  been  a  gradually  increasing  difficulty  of  walking,  the  posterior 
columns  have  been  the  seat  of  disease.  We  may  notice  two  kinds 
of  paralysis  of  motion,  distinguished  respectively  by  impairment  or 
loss  of  voluntary  motion,  and  of  the  power  of  co-ordinating  move- 
ments. In  the  latter  form,  while  the  voluntary  powers  are  consider- 
able, the  patient  walks  with  great  difficulty,  and  a  gait  so  tottering 
that  his  centre  of  gravity  is  easily  displaced.  These  cases  are  gene 
rally  of  the  most  chronic  kind,  and  many  of  them  go  on  from  day  to 
day  without  any  increase  of  the  disease  or  improvement  in  their  con- 
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ditioD.  Id  two  examples  of  this  variety  we  ventured  to  predict  disease 
of  the  posterior  columns  of  the  cord:  and  this  was  found  to  exist  on  a 
post-mortem  inspection.  AH  cases  on  record,  which  we  have  had 
the  opportunity  of  examining,  in  which  the  posterior  columns  were 
the  seat  of  disease,  began  by  evincing  more  or  less  disturbance  of  the 
locomotive  powers;  and  it  seems  to  us  that  the  degree  to  which  sensi- 
hility  may  become  affected  will  greatly  depend  upon  the  extent  to 
which  the  posterior  roots  of  the  nerves  are  involved  in  the  disease. 

The  hypothesis,  then,  which  we  are  most  disposed  to  adopt,  is  the 
following: — lliat  t/ie  antero-lateral  columns  oj"  the  spinal  cord  with  the 
gny  matter  are,  in  connection  with  the  brain,  the  recipients  of  sensi- 
tive impressions  and  volitional  impulses,  and  that  they  are  the  centres 
of  the  independent  or  physical  nervous  actions  of  the  cord ;  and  that 
Ikfosterior  columns  propagate  the  influence  of  that  part  of  the  ence- 
phaloD  which  combines  with  the  nerves  of  volition  to  regulate  the 
locomotive  powers,  and  serve  as  commissures  in  harmonizing  the 
actions  of  the  several  segments  of  the  cord. 

What  is  the  mechanism  of  these  actions  of  the  spinal  cord — mental^ 
physical,  locomotive  ?  This  is  a  problem  of  the  highest  interest,  bear- 
iogupon  the  mechanism  by  which  nervous  power  developed  in  any 
iier?ous  centre,  as  well  as  in  the  cord,  is  capable  of  aflfecting  peripheral 
pvts;  and  it  is  on  that  account  well  deserving  the  most  patient  in- 
Testigation. 

We  assume,  as  necessary  postulates,  preliminary  to  the  discussion 
of  this  question,  the  two  following  propositions: — 1.  That  the  brain, 
or  some  part  of  it,  is  *he  sensorium  commune ;  or  in  other  words,  that 
neotal  nervous  actions  (acts  of  volition  and  sensation)  cannot  take 
place  without  the  brain.  2.  That  the  vesicular  is  the  truly  dynamic 
wrvous  matter,  the  source  of  all  nervous  power.* 

The  following  hypotheses  have  been  proposed  in  explanation  of 
these  actions. 

•The  first  of  these  postnlafe^  will  he  considered  farther  on  in  this  chapter.  The 
*^cond  appears  to  n%  to  have  a  sufficiently  firm  foondation  lo  warrant  us  in  assuming 
MX correctDess,  for  the  sake  of  ar^uin^  the  innportant  question  referred  to  in  the  text. 
We  shall  state  briefly  here  ihe  proof>  that  the  association  of  the  vesicular  and  fibrous 
Bauer  is  necessary  to  the  development  of  nervous  force. 

I.  Nenres,  when  separated  for  a  time  from  the  nervous  centre,  lose  all  power  of 
stfrnulating  their  muscles  to  contraction.  No  irritation,  mechanical  or  electrical,  i.s 
soflicient  lo  excite  them.  If  a  nerve  be  divided  some  distance  from  the  centre,  the 
peripheral  portion,  will,  after  a  time,  waste,  and  lose  all  power  of  developing  nervous 
force;  but  the  central  portion,  which  remains  in  connection  with  the  centre,  retains 
its  Dutrition  and  its  vital  properties  unimpaired. 

S.  All  aenrons  centres  contain  vesicular  matter,  with  which  nervous  fibres  freely 
iDtermix. 

3.  The  power  of  a  nervous  centre  appears  to  be  proportionate  to  the  quantity  of  its 
Tesicnlar  matter.  This  is  well  exemplified  in  the  cerebral  convolutions,  the  vesicular 
snrface  of  which  is  always  in  the  direct  proportion  of  the  development  of  mental 
power;  or,  in  general  terms,  the  gray  matter  hicreaaes  in  the  exact  ratio  of  the  nervous 
entnsjf,    (Grainger.) 

4.  All  nerres  appear  to  arise  from  vesicular  mailer.  Stilling  represents  special 
aecomolations  of  vesicular  matter  at  the  origins  of  the  nerves  of  the  medulla 
oblonsata. 

5.  Nerves,  whose  power  is  exalted  for  some  special  purpose,  have  an  increased 
qaaDtily  of  gray  matter  at  their  origin,  of  which  the  electric  lobe  in  the  torpedo. 
connected  with  the  origins  of  the  fifth  and  eighth  pairs  of  nerves,  is  an  extraordinary 

Mr.  Grainger's  excellent  work  on  the  Spinal  Cord,  pp.  18-21. 
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1.  The  various  muscles  and  sentient  surfaces  of  the  body  are  con- 
nected with  the  brain  by  nerve-fibres,  which  pass  from  the  one  to  the 
other.  Those  fibres  destined  for,  or  proceeding  from,  the  tninlcto 
the  brain  pass  along  the  spinal  cord,  so  that  that  organ  is  in  gmt 
part  no  more  than  a  bundle  of  nerve-fibres  going  to  and  from  the 
brain.     These  fibres  are  specially  for  sensation  and  voluntary  motioB. 

But,  in  addition  to  these,  there  is  another  class  of  fibres  pmprrtt 
the  spinal  cord  and  to  its  intra-crnnial  continuation,  which  form  i 
connection  with  the  gray  matter  of  the  cord.  Of  these  fibres,  wne 
are  afferent  or  incident,  others  efferent  or  reflex,  and  these  two  kinds 
have  an  immediate  but  unknown  relation  to  each  other,  so  that  eack 
afferent  nerve  has  its  proper  efferent  one,  the  former  being  fzctfor, 
the. latter  motor.  The  aggregate  of  these  fibres  together  with  the  pij 
matter  constitutes  the  irve  spinal  cord  of  Dr.  Marshall  Hall,  which  is 
not  limited  to  the  spinal  canal,  but  passes  up  into  the  cranium  is  far 
as  the  crura  cerebri.  These  fibres  are  quite  independent  of  those  of 
sensation  and  volition,  and  of  the  sensorium  commune.  Althoagll 
bound  up  with  sensitive  and  motor  fibres,  they  are  not  aflectedbj 
them,  and  they  maintain  their  separate  course  in  the  nerves  as  veil 
as  in  the  centres.  Such  is  the  hypothesis  of  an  excito-motory  tysim 
of  nerves^  and  of  a  true  spinal  cord^  the  centre  of  all  physical  nerrmu 
actions,  which  has  been  proposed  and  most  ably  advocated  by  Dr. 
Marshall  Hall. 

2.  The  fibres  of  sensation  and  volition  proceed  to  and  from  some 
part  or  parts  of  the  intra-cranial  mass.  Those  which  are  distribotrd 
to  the  trunk  pass  along  the  spinal  cord,  separating  from  it  with  the 
various  roots  of  the  nerves,  and  in  their  course  within  the  spine  thfj 
mingle  more  or  less  with  the  gray  matter.  There  are  no  other  fibres 
but  these  (save  the  commissural),  and  they  are  sufficient  to  manifest  the 
physical  as  well  as  the  mental  acts.  Nerves  of  sensation  are  capable 
of  exciting  nerves  of  motion  which  are  in  their  vicinity ;  and  tlej 
may  produce  this  effect  even  when  the  spinal  cord  has  been  severed 
from  the  brain,  for  their  relation  to  the  gray  matter  of  the  cord  is  such 
that  their  state  of  excitement  is  readily  conveyed  to  it.  This  explan^ 
tion  tallies  with  the  views  of  Whytt,  Prochaska,  and  the  other  phy- 
siologists who  had  recognized  the  existence  of  a  class  of  actions 
produced  by  the  influence  of  sensitive  upon  motor  nerves. 

3.  According  to  a  third  hypothesis,  it  is  ass'imed  that  all  the  spinal 
and  encephalic  nerves,  of  whatever  function,  are  implanted  in  the 
gray  matter  of  the  segments  of  the  cerebro-spinal  centre  with  which 
they  are  severally  connected,  and  do  not  pass  beyond  them.  The 
segments  are  connected  with  each  other  through  the  continuity  of  the 
gray  matter  from  one  to  another,  and  through  the  medium  of  com- 
missural fibres  which  pass  between  them.  Through  these  roean^, 
motor  or  sensitive  impulses  are  propagated  from  segment  to  segment; 
and  a  stimulus  conveyed  to  any  segment  from  the  periphery  roay 
either  simultaneously  affect  the  brain  and  cause  a  sensation,  or  be 
reflected  upon  the  motor  nerves  of  that  segment  and  stimulate  their 
muscles  to  contract. 
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The  first  hypothesis,  which  assumes  the  existence  of  a  distinct 
series  of  incident  and  reflex  nerves  for  tiie  physical  nervous  actions, 
offers  a  very  beautiful  explanation  of  those  cases  in  which,  while 
■ensation  is  entirely  destroyed,  movements  may  yet  be  excited  with- 
out the  consciousness  of  the  individual.  In  such  cases  it  is  supposed 
thut  the  fibres  of  sensation  and  volition  are  alone  paralyzed,  but  that 
those  of  the  true  spinal  cord  remain  free  from  injury  or  disease,  and 
therefore  competent  to  perform  their  functions.  Sometimes,  however, 
these  fibres  participate  in  the  general  shock  which  the  spinal  cord  or 
brain  experiences  at  the  onset  of  disease  or  accident,  and  therefore 
reflex  movements  are  not  to  be  excited  in  all  cases  in  which  the  in- 
flaence  of  the  brain  has  been  cut  off  by  disease  of  that  organ,  or  of 
the  cord  itself. 

This  hypothesis  has  very  much  to  commend  it ;  and  not  the  least 
argument  in  its  favour  is  that  drawn  from  the  compound  nature  of 
spinal  nerves,  as  proved  by  Bell,  in  which  filaments  of  very  different 
endowments  are  bound  together  in  the  same  sheath.  If  it  be  proved 
that  filaments  of  sensation  and  of  motion  may  be  thus  tied  together, 
it  is  not  going  too  far  to  conjecture  the  existence  of  another  series  of 
fibres  of  distinct  function. 

The  movements  of  decapitated  animals,  of  parts  in  connection  with 
flmall  segments  of  the  spinal  cord,  of  limbs  paralyzed  to  sensation 
and  voluntary  motion  from  diseased  brain  or  spinal  cord,  are  satisfac- 
torily explained  by  this  hypothesis.  But  there  are  two  phenomena 
fiimiliar  to  those  who  observe  disease  with  a  knowledge  of  the  many 
interesting  discussions  now  going  on  upon  the  nervous  system,  which 
•re  not  explained  by  it :  these  are,  the  movements  which  may  be  ex- 
cited by  mental  emotion  in  limbs  paralyzed  to  the  influence  of  the 
will,  and  the  total  paralysis  of  the  sphincter  ani,  which  frequently 
accompanies  diseased  brain,  whilst^  at  the  same  time,  the  limbs  are 
odIv  affected  to  a  partial  degree. 

Cases  occur  sometimes  in  which  hemiplegia  arises  from  an  apo- 
plectic clot  or  other  destructive  lesion  in  one  hemisphere  of  the  brain. 
The  arm  and  leg,  or  either  of  them,  are  completely  removed  from  the 
influence  of  the  will;  yet,  occasionally,  under  the  influence  of  some 
sudden  emotion,  fear,  joy,  surprise,  the  palsied  limb  is  raised  invo- 
luntarily with  considerable  force.*  Mental  emotions  probably  affect 
•ome  part  of  the  brain:  if  the  only  communication  between  the  brain 
and  the  limbs  be  by  the  fibres  of  sensation  and  volition,  it  is  impossi- 
ble to  understand  how,  in  such  a  case,  the  emotional  influence  could 
be  conveyed  through  a  channel  which  has  long  been  stopped.  If  we 
arc  to  adopt  Dr.  Hall's  theory,  it  will  be  necessary  to  suppose,  with 
Dr.  Carpenter,  the  existence  of  certain  emotional  fibres  to  explain 
the  phenomena  of  this  particular  case.  But  it  is  difficult  to  admit 
the  existence  of  three  orders  of  fibres  in  each  muscle,  which,  to  be 
effective,  must  have  the  same  relation  to  the  component  elements  of 
the  muscle.     It  is  impossible  to  imagine  how  each  order  of  fibre 

*  Even  80  slight  a  cause  as  yawnine.  which  is  an  action  of  pmotional  character, 
w\\\  esciie  a  palsied  limb  In  ihe  case  of  a  patient  now  in  Kind's  College  Hospital 
witii  very  complete  hemiplegia,  the  arm  is  raised  inyoluniarily  every  lime  be  yawns. 
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should  comport  ^itself  with  rererence  to  th^  oQior  two^*  m  Ait  Am.. 
actipDS  maj  not  interfetQ.^  Nor  can  aajr  one  fail  to  pefe^tn  Ihat^l,* 
emotional  nbrea  moiit  be  infinitely  less  frequently  ti^fifed  Aaa^ii 
others,  and  in  some  indtyiduuls,  so  little  called  into  acfioii9.aitaar 
pose  th^  fibres  greatly  to  the  ride  of  atrophy  for  want  of  iiae4         i 

Paralysis  of  uie  sphincter  ani  is  most  frequently  prodoofd  li|  9Kf^ 
ease  of  the  spinal  cord ;  but  it  is  by  no  oceans  a  rare  aecompaaiw# 
of  diseased  brain,  ^d.senerally  indicates  a  lesion  of  grave  uufffc 
Now,  siich  a  lesion  is  uways  accompanied  with  paralyaiSy  €hie%il 
the  hemiplegic  kind,  bat  not  necessarily  complete  i  on  4he  cooliar||yi|,  ^ 
several  such  cases  we  hare  seen  distinct  reflex  movements,  ■Hdifiii«|yj 
that  although  the  brain's  influence  was  withheld  frotn  the  limbs,  Apt  rf^ 
the  cord  was  not.     If  then  the  cord  be  sufficiently  free  from  m«U|^ 
depression  to  -allow  of  reflex  movements  taking  place  in  the  iufcaor 
liinbs,  why  is  the  sphincter  so  completely  paralysed  that  it  oSeis  aol 
the  slightest  resistance  to  the  introduction  o^the  finger  into  tbeaBHif 
It  is. admitted  that  the  sphincter  is  under  the  influence  of  thewflli' 
according  to  Dr.  Hall's  theory,  this  must  be  throng  special  fibns^ 
volition  distributed  to  it :  but  it  is  also  under  the  influence  of  Af 
spinal  cord,  as  the  limbs  are;  yet,  if  the  cerebral  fibreis  be  diseiML 
there  seems  no  reason  why  the  influence  of  the  cord  upon  i(  fhoaU 
be  at  the  same  time  destroyed.    A  cerebral  lesion  ought  not  to  sifrt 
the  sphincter  further  than  to  destroy  the  control  of  ue  will  npsa  i^ 
unless  its  depressing  influence  extend  to.tlie  whole  cord,  and  in  saeb 
a  case  there  ought  to  be  complete  paralysis  of  the  limbaliktwiss.* 

These  are  not  unimportant  pathological  objections  to  this  Asbij: 
to  them  we  must  add  the  fact,  that  this  view  wants  die  Oippoitef 
anatomy.    However  disposed  we  maybe  to  admit  the  existence  of 
fibres  implanted  solely  in  the  gray  matter  of  the. cord,  it  muat.beeoa- 
fessed  that  it  is  as  yet  far  from  being  proved  that  either  such  iboii 
or  those  which  are- continued  up  Into  the  brain,  exist  in  the  ooidef 
vertebrata,  or  in  its  analogue  of  the  in  vertebrata.    Pr.  Carpenter  ud 
Mr.  Newport,  it  is  true,  affirm  that  Ihey  have  demonstrated  the  tv* 
sets  of  fibres  in  insects — the  sensori-voiUionaly  and  the  excflo-msbif* 
The  former  author  describes  the  nerves  of  articulata  as  cpoisistiBg  d 
fibres  derived   from  two  sources — namely,  the  anterior  or  eerebnl 
ganglion,  and  the  ganglion  of  that  segment  of  the  body  to  which  tlu^ 
belong.     Those  fibres  which  are  connected  with  the  brain,  he  states, 
pass  down  along  the  dorsal  surface  of  the  ganglionic  chain,  and  are 
fibres  of  sensation  and  voluntary  motion ;  those  which  are  immediately . 
implanted  in  the  ganglia  are  excito-motory.     Mr.  Newport,  in  hu 
recent  able  and  elaborate  description  of  the  nervous  system  of  Myria^ 
poda,  thinks  that  he  shows  a  somewhat  similar  arrangement  in  mose 
animals.     The  ganglionic  chain  has  on  its  dorsal  surface  a  pair  of 
columns,  superior  longitudinal  fibres^  which  pass  over  the  g^gUit 
sending  a  few  fibres  to  mingle  with  them,  or  with  an  inferior  pair  of 
longitudinal  columns.     These  latter,  the  inferior  longUuduuil  J!bm% 
are  placed  along  the  abdominal  surface  of  the  ganglionic  chain,  aad 
are  intimately  connected  wi(h  the  ganglia.     In  the  intervals  between 
the  ganglia  these  two  columns  lie  in  close  juxtaposition,  peparated 
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nI;  b;  some  traDsrerse  fibres.  The  inferior  coluinns  appear,  as  Mr. 
Mevporl  states,  to  receive  fibres  Trom  the  superior  colunms,  and  pro- 
Ublyta  send  some  (o  them,  "thus  decussating  each  other  in  the 
■iddle  substance  of  the  cord,  where  these  two  longitudinal  series  are 
ia  close  apposition ;  since  it  is  almost  impossible,  even  in  the  large 
ttnoas  cord  of  Scolopendra,  to  separate  these  two  tracts  from  each 
olbtr,  although  their  dLotiD(;^ness  is  evinced  in  their  relative  size  and 
loQgitDilinal  Tines  of  separation."*  The  ganglia,  then,  are  placed 
briVKD  these  two  columns,  the  inferior  pair  being  intimately  con- 
BKted  with  them.  Almost  the  whole  of  the  fibres  of  the  inferior 
Iragitodinal  series  are  traceable,  says  Mr.  Newport,  in  the  lulidK, 
dirMtlf  through  esch  enlargement  of  the  cord  which  thejr  mainly 
A  lo  form.    Two  other  sets 
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of  fibres  are  dtstinguisbeU  by 
Aiiinatomist  in  these  animals, 
vUek  do  not  take  a  longitu- 
iKdiI  course.  These  are,  first, 
(bt  mmTtiittitral  fibres,  which 
pan  Iransversely  between  cor- 
Rtponding  nerves  of  opposite 
adnoflhe  body;  and  second- 
ly, lit  p>rt$  of  reinforeemeni 
if  lit  eord,  which  commtiDi- 
Me  between  nerves  of  the 
■Beside  of  the  body,  passing 
fiDai  a  nerve  which  arises  from 
tnperior  ganglion  to  one  that 
Maes  from  an  inferior  one, 
llese  nerves  do  not  appear  to 
peaetiate  the  cord:  judging 
hw  Mr.  Newport's  descrip- 
iiH,  Ihey  merely  pass  from 
itrve  to  nerve,  forming  loops 
'bich  are  convex  towards  the 
ord,  and  constitute  the  lateral 
Mion  of  the  cord  in  the  in- 
rvals  between  the  points  of 
nergence  of  the  nerves  with 
hich  they  are  connected, 
be  two  sets  of  transverte  and 
Irro/  fibres  agree  in  the  fact 
at  they  do  not  pass  upwards  to  the  brain ;  but  of  their  connection 
ilh  the  cord  nothing  is  known.  Indeed  it  is  by  no  means  apparent 
at  the  lateral  fibres  form  any  junction  with  the  vesicular  matter  of 
e  cord  or  with  any  other  than  peripheral  portions  of  the  nervous 
stem;  Mr.  Newport's  researches  show  only  that  they  are  in  juxta- 
oilion  with  the  margins  of  the  cord,  but  we  cannot  infer  from  them 
It  they  mingle  with  its  elements.  Moreover  it  is  far  from  being 
aved  that  the  longitudinal  fibres  pass  up  to1he  brain.     The  brain, 
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ifedTeMl^  is  DM  tt#i««8Mtity  the  largest  of  tb«  gnrfMyirtni^il  pMtti 
adttitted  to  beir  tf  Most  inadequate  propoitioii  to  AenmMter  tf  Im^ 
t«diaal  fibrea.    I^t  any  one  eompare  the  mwe  otjim  etMNal-gHpl 
of  the  8eorpion(as  figured  by  Mr.  Newport)  i»ith  die  aiaa  al  Ai 
animal  and  that  of  ita  cord,  and  it  will  be-  eri^eiH  to  Jhini  liiv  Jw 
{proportionately  snildl  such  a  ceottie  ia  to  the  iramber  of  aaaawi  iifa 
tional  fibres  which  must  be  distributed  ovr  so  large  a  aurlioty  wAla 
so  many  muselesi.   When  too  it' is  stated  that  the  obaamtidnt  ajf  f 
physiologista'were  made  with  low  powers  of  the  i|HCro8Co|ie«  iti 
be  feonfeased  that  there  is  as  much  obscurity  6s  to  the  oftgh  itf'te 
aeri^ea  in  invertebrata  as  in  rertebrata ;  and  that  we  aiw  '^/^ 
entitled  to  conclude  that  the  existence  of  two  orders  of  IbRSM 
been  actually  demonstrated  in  the  former  class      Anatomy  oflkis  aa 
objection  to  the  hypothesis  that  the  roots  of  the  nervea  are  iairiittiai 
in  the  ganglia,  and  that  the  longitudinal  fibrea  act  aa  *      " 


between  different  aeffments  (both  adjacent  tind  remote)  of  tkt  tbi 

And  we  may  add  here,  that  Mr.  Newport's  ekperiomila  aa  lla 
myriapods  a;id  o^ie^  articul^ta  throw  no  light  on  the  qunatioa-af  lla 
existence  of  two  onlers  of  fibres ;  nor  do  they  add  anything -to  mt 
knowledge^  beyond  the  important  fact,  that  actions  toke  plaea  in  ia» 
Tertebrata  after  decapitation  which  are  of  the  same  nature  With  IliiB 
which  occur  in  Tertebrata  after  a  similar  mutilation.  Tha  mecbiiail 
of  these  actions  has  -qot  been  at  all  elucidated  by  tfacaa  ^wpOfmrnH^ 
Respecting  The  second  hypothesis,  we  mast,  remark,  that  it  is  jitf 
as  competent  to  explain  the  phenomena  of  decapitated  animals^  n^ 
paralyzed  limbs,  as  that  of  Dr.  Hall,  and  that  it  receires  aonaaaifort 
from  the  almost  universal  concurrence  of  sensation  with  thoaa  mmI 
actions  which  Dr.  Hall  would  attribute  to  excito-mptory  fibres.    If  il 
be  supposed  that  these  fibres  have  a  certain  relation  to  thegnymatfff 
of  the  spinal  cord,  there  can  be  no  good  reason  against  tha  fartki 
supposition,,  that  they  may  continue  to  be  affected  by  it  after  the  bM 
has  been  separated  from  the  cord.     This  hypothesis,  however,  a 
liable  to  the  same  objections  as  that  of  excito-motOTy  fibres:  itii 
inadequate  to  explain  the  influence  of  emotion  oil-  paralysed  luil% 
and  the  paralysis  of  the  sphincters;  and,  moreover,  it  cannot  be  eoa* 
sidered  to  be  proved  that  fibres  are  continued  up  directly  frooi  tk 
spinal  nerves  to  the  brain.     The  fibres  of  the  anterior  pyramids,  no 
doubt,  are  true  cerebro-spinal  fibres;  but  they  may  be   merely  com* 
missural.     We  have  no  evidence  that  fibres  of  the  lumbar  region  of 
the  cord  pass  into  the  brain.    The  longitudinal  course  of  fibrea  in  the 
spinal  cord  affords  no  proof  that  those  fibres  pass  into  the  brain,  for  it 
is  well  known  that  most  of  the  nerves  take  a  very  oblique  course  frott 
their  point  of  separation  from  the  cord  to  their  emergence  from  the 
spinal  canal ;  and  it  is  probable  that  the  fibres  continue  their  obliquity 
in  the  cord  itself,  so  that  their  real  origin  would  be  higher  up  ihiii 
their  apparent  one.     This  great  length  of  oblique  course  gives  to  the 
fibre  the  appearance  of  being  strictly  longitudinal,  whereaa4t  may  he 
implanted  in  the  gray  matter  of  the  cord. 

The  third  hypothesis  appears  to  u^  to  admit  of  fewer  objeotioai 
than  either  of  the  others,  and  to  be  mdre  consonant  with  what  aeeais 
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)be  the  correct  anatomy  of  the  cord.  It  supposes  that  the  mechan- 
m  of  a  mental  and  that  of  a  physical  nervous  action  are  essentially 
keiaroe,diflering  only  in  the  nature  and  the  mode  of  application  of  the 
tifflulus.  The  same  afferent  and  efferent  fibres  are  exerted  in  the  one 
aie  as  in  the  other;  the  former  acting  as  stusiiive  or  excitor^  or  both ; 
le  latter  as  channels  for  voluntary^  emotional  or  strictly  physical  imr 
pilses  to  motion. 

This  hypothesis  is  content  to  assume  that  fibres  of  sensation  and 
rdoatary  motion  do  not  pass  beyond  (hat  particular  segment  of  the 
eoftl  vith  which  they  are  connected;  and  that  each  segment  of  the 
cord  communicates  readily  with  the  br-ain  through  the  horns  of  gray 
Miter,  or  through  commissural  fibres  which  pass  between  the  seg- 
ments of  the  cord,  and  from  the  upper  segment  of  the  latter  to  the 
bnio.  The  anatomy  of  the  cord,  so  far  as  our  present  knowledge 
extnds,  is  favourable  to  this  hypothesis,  for  it  is  much  more  probable 
that  all  the  roots  of  the  s|»inal  nerves  are  implanted  in  their  proper 
Kgments  of  the  cord,  than  that  some  pass  up  to  the  brain,  and  others 
KDain  in  the  cord.  The  varying  dimensions  of  the  cord,  at  diflereut 
regions,  disincline  us  to  admit  the  existence  of  fibres  which  are  con- 
linufd  up  into  the  brain  from  the  spinal  nerves.  It  is  impossible  to 
laderstand  the  great  superiority  of  size  of  the  lumbar  portion  over  the 
ilonal  segment  of  the  cord,  if  we  admit  that  this  latter  segment  con- 
laios,  io  addition  to  its  own  fibres,  (sensori- volitional  and  excito- 
■otorj,)  the  sensori-volitional  fibres  of  the  lumbar  swelling  also. 
Ibe  fibres  of  sensation  and  volition,  which  pass  to  the  great  lumbar 
knd  sacral  nerves,  could,  in  that  case,  be  only  extremely  few  in  pro- 
Mtrlion  to  the  excito-motory  ones;  nor  would  ihey  seem  adequate  to 
Im  motor  and  sensitive  endowmeu*s  of  the  lower  extremities;  where 
( must  be  admitted  volition  and  sensation  enjoy  an  extensive  sway. 
Moreover,  it  may  be  stated  that  the  great  size  of  the  lumbar  swelling 
epends  mainly  on  the  large  quantity  of  vesicular  matter  which  exists 
lit;  and  the  total  amount  of  fibrous  matter  is  hardly  so  much  as 
light  be  expected  to  exist  if  the  lower  extremities  and  the  pelvis 
ere  supplied  with  both  sensori-volitional  and  excito-motory  fibres. 
It  is  very  generally  admitted  tli.it  the  only  channel  by  which  the 
ill  can  influence  the  spinal  cord  is  through  the  fibres  of  the  anterior 
rramids,  the  greater  number  of  which  decussate  each  other  along 
e  median  line,  as  already  explained  in  page  24 1 .  The  most  frequent 
ithological  phenomena  favour  this  view.  Now  it  is  in  the  highest 
'gree  improbable  that  these  fibres,  occupying  so  small  a  space  as 
ey  do,  should  form  the  aggregate  of  the  volitional  fibres  (still  leas 
the  sensori-volitional  fibres)  of  the  trunk  and  extremities.  It  seems 
us  much  more  reasonable  to  regard  the  fibres  of  the  pyramids  in 
e  light  of  commissures,  connecting  the  gray  matter  of  the  cord  with 
It  of  the  brain,  and  serving  to  associate  these  two  great  divisions 

the  cerebro-spinal  centre  in  the  voluntary,  if  not  in  all  the  ment^il 
rvous  actions. 

The  mechanism  of  a  voluntary  action,  in  parts,  supplied  with  spinal 
rves,  would  be,  according  to  this  hypothesis,  as  follows:  The  im- 
Jse  of  volition,  primarily  excited  in  the  brain,  acts  at  the  same  time 
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upon  the  gray  matter  of  the  cord  (its  anterior  horn),  'which  in  Tirtue 
of  its  association  ivith  the  former,  by  means  of  the  fibres  of  the  aote- 
rior  pyramids,  becomes  part  and  parcel  of  the  organ  of  the  will,  »d 
therefore  as  distinctly  amenable  to  acts  of  the  mind  as  thatpoitioa 
which  is  contained  within  the  cranium.  If  we  destroy  the  commissani 
connection  through  the  pyramidal  fibres,  the  spinal  cord  ceases  to  Uke 
part  in  mental  actions ;  or,  if  that  connection  be  only  partially  d^ 
stroyed,  that  portion  of  the  cord  which  the  injured  fibres  had  associated 
with  the  brain,  is  no  longer  influenced  by  the  mind.  Again,  if  the 
seat  of  volition  in  the  brain  be  diseased,  the  cord,  or  part  of  it,  par- 
ticipates in  the  effects  of  the  disease,  as  far  as  regards  volanta^ 
actions.  That  it  is  not  too  much  to  ascribe  such  power  to  the  pyia- 
midal  fibres,  appears  reasonable,  if  we  consider  how  the  fibres  of  the 
corpus  callosum,  and  perhaps  other  transverse  commissures,  so  coa- 
nect  the  hemispheres  and  other  parts  of  the  brain  that  the  separate 
divisions  of  a  double  organ  act  harmoniously  in  connection  with  the 
operations  of  a  single  mind ;  or  that,  conversely,  two  impressions  fron 
one  and  the  same  source  on  a  double  sentient  organ  are  perceived  ii 
single  by  the  mind. 

An  objection  to  this  explanation  will  readily  be  raised,  that  the 
excitation  of  the  anterior  horn  of  the  gray  matter,  in  the  way  stated, 
does  not  explain  the  remarkable  power  which  the  will  has  of  Kmiiiag 
its  action  to  one  or  two,  or  a  particular  class  of  muscles.  We  replj 
to  this,  however,  that  there  can  be  no  reason  for  denying  to  the  nind 
the  faculty  of  concentrating  its  action  upon  a  particular  series  of  the 
elementary  parts  of  the  vesicular  matter,  or  even  upon  one  or  more 
vesicles,  if  we  admit  that  it  can  direct  its  influence  to  one  or  more 
individual  fibres,  as  the  advocates  of  the  first  and  second  hypotheses 
do.  If,  indeed,  we  admit  the  one,  we  must  admit  the  other ;  for 
whether  the  primary  excitation  of  a  fibre  take  place  in  the  encephalon 
or  in  the  spinal  cord,  the  part  first  affected  must  probably  be  (accord- 
ing to  our  second  postulate)  one  or  more  vesicles  of  the  gray  sab- 
stance. 

The  series  of  changes  which  would  develop  a  sensation,  admits 
of  the  following  explanation  :  A  stimulus  applied  to  some  paK  of  the 
trunk  or  extremities  is  propagated  by  the  sensitive  nerves  to  the 
posterior  horn  of  the  gray  matter  of  the  spinal  cord,  and  from  the 
junction  of  this  part  with  the  brain  either  through  the  direct  continoity 
of  the  vesicular  matter  of  the  cord  with  that  of  the  centre  of  sensa- 
tions, or  through  longitudinal  commissural  fibres,  analogous  to,  or 
even  perhaps  forming  part  of,  the  anterior  pyramids,  this  organ  is 
simultaneously  affected.     To  this  likewise  it  will  be   objected,  that 
the  limitation  of  sensations  is  not  sufficiently  explained.     But  the 
reply  is  obvious :  the  intensity  and  kind  of  sensation  depend  upon  the 
nature  of  the  primary  stimulus  at  the  surface ;  the  extent  upon  the 
number  of  fibres  there  stimulated.     Wherever  these  fibres  form  their 
proper  organic  connection  with  the  vesicular  matter,  that  matter  will 
participate  in  their  change  to  an  extent  proportionate  to  the  number  of 
fibres  stimulated,  and  with  an  intensity  commensurate  with  the  force 
of  the  primary  stimulus.     It  is  not  necessary  to  the  development  of 
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lensation  that  tbe  fibre  stimulated  should  be  implanted  directly  in  the 
iTBin  ;  if  it  be  connected  with  this  centre  through  the  medium  of 
resicular  matter  of  the  same  character  as  that  which  is  found  in  it  or 
lirough  commissural  fibres,  all  conditions  necessary  for  the  develop- 
ment and  propagation  of  nervous  force  would  appear  to  be  fulfilled. 
[t  must  not  be  supposed,  however,  that  in  making  this  statement  we 
■ean  to  assign  the  spinal  cord  to  be  the  seat  of  sensation ;  all  we 
mert  is,  that  the  posterior  horns  of  its  gray  matter,  as  being  the  part 
in  which  the  sensitive  roots  are  implanted,  participate  largely  in  the 
mechanism  of  sensation ;  and  that  by  their  union  with  the  brain  they 
become,  pro  tantOj  a  part  of  the  centre  of  sensation,  so  long  as  that 
uion  is  unimpaired. 

This  hypothesis  ofiers  an  explanation  of  the  hitherto  unexplained 
phenomenon  of  impaired  sensation  on  that  side  of  the  body  which  is 
opposite  to  the  seat  of  cerebral  lesion.  If  we  regard  the  anterior 
pyramids  as  commissures  between  the  sensitive,  as  well  as  between 
the  motor  portions  of  the  cerebro-spinal  centre,  it  will  be  obvious 
that  the  posterior  horns  of  the  spinal  gray  matter  on  the  right  side 
will  be  associated  with  the  left  centre  of  sensation  in  the  brain,  and 
vkeversd. 

And  we  gain,  moreover,  an  explanation  of  the  almost  universal 
•nociation  of  sensation  with  reflex  or  physical  actions^  The  excitor 
serves  of  these  actions  being  the  same  as  the  sensitive  nerves,  the 
impression  conveyed  by  them  is  calculated  at  once  to  excite  motion 
and  sensation.  Were  it  not  for  the  controlling  influence  of  the  will, 
■U  sensitive  impressions  made  through  the  spinal  cord  would  likewise 
he  accompanied  by  corresponding  movements.  When  the  spinal 
cord  has  been  excited  by  strychnine,  the  physical  power  prevails 
over  tbe  mental,  and  the  will  ceases  to  be  able  to  control  the  move- 
ments excited  by  impressions  through  sensitive  nerves. 

A  highly  important  argument  in  favour  of  this  view  is  derived  from 
the  marked  difierence  of  structure  of  the  anterior  and  posterior  horns 
of  the  spinal  vesicular  matter.  The  anterior  and  posterior  roots  of 
the  nerves  exhibit  no  difference  of  structure ;  no  anatomist  could 
distinguish  in  a  compound  nerve  the  sensitive  from  the  motor  fila- 
ments. The  vesicular  matter,  however,  in  the  anterior  horn,  contains 
large  caudate  vesicles  of  a  remarkable  and  peculiar  kind  (fig.  56,  p. 
196) ;  whilst  that  in  the  posterior  horn  resembles  very  much  the 
Tesicalar  matter  of  the  cerebral  convolutions,  and  of  other  parts  of 
the  cerebrum,  and  does  not  contain  caudate  vesicles,  except  near  the 
baoe.  Here,  then,  we  find  associated  wit^  the  well-attested  differ- 
ence in  the  /unctions  of  the  anterior  and  posterior  roots,  a  striking 
difference  in  the  structure  of  the  anterior  and  posterior  horns  of  gray 
matter. 

This  hypothesis  is  adequate  to  the  explanation  of  the  influence  of 
emotion  or  limbs  paralyzed  as  to  voluntary  movement,  without  the 
necessity  of  assuming  the  existence  of  a  totally  distinct  series  of  fibres 
for  this  class  of  actions.  The  change  in  the  brain,  excited  by  emotfon, 
it  propagated  to  the  spinal  gray  matter,  in  a  manner  analogous  tO  that 
in  which  the  influence  of  the  will  is  brought  to  bear  on  it.     It  thus 
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aflects  the  ordinary  motor  fibres;  and,  therefore,  the  movements  wUdi 
are  produced  by  emotion  resemble  very  closely  thoae  excited  by  tk 
will. 

This  hypothesis  suggests  a  very  obvious  explanation  of  the  Idnd 
of  antagonism  which  appears  to  exist  between  voluntary  and  reOn 
actions.  It  is  well  known  that  in  health  the  will  can  in  a  great  dfr 
gree  control  and  prevent  the  development  of  reflex  actions  in  tk 
lower  extremities.  If  one  be  paralyzed,  as  in  hemiplegia,  fromdii* 
ease  of  the  brain,  whilst  the  other  remains  sound,  a  very  striki^ 
contrast  is  sometimes  to  be  observed  between  the  two  limbs.  Oi 
stimulating  the  sole  of  the  foot  in  the  diseased  limb,  reflex  actions  nt 
readily  produced ;  but,  on  applying  the  same  stimulus  to  the  ssw 
part  of  the  sound  limb,  no  such  movements  occur,  the  patient  being 
conscious  of  the  application  of  the  stimulus,  but  resisting  the  tendeacj 
to  action  which  it  produces.  The  will  has  lost  its  control  over  Ai 
diseased  limb  ;  but,  as  the  motor  nerves  and  the  spinal  gray  matter 
are  sound,  actions  may  still  be  excited  through  a  stimulus  from  Ai 
periphery ;  and,  the  more  complete  has  been  the  separation  of  tk 
brain's  influence  from  the  cord,  the  more  perfect  will  be  the  refla 
actions.  Hence  we  frequently  find  these  movements  more  peiCed 
in  cases  where  sensation  as  well  as  voluntary  power  is  destroyed  is  i 
limb,  than  where  the  latter  only  has  ceased. 

It  may  be  here  remarked,  that  movements  which  at  one  time  ait 
voluntary,  may  at  another  time  be  physical.  If  the  influence  of  tk 
will  be  suspended  for  a  brief  period,  stimulation  of  the  surface  wiU 
produce  the  same  movements  which  previously  were  excited  by  vdaa- 
tary  impulse.  Thus,  tickling  the  soles  of  the  feet,  in  a  person  asleep, 
excites  movements  which  doubtless  are  of  the  reflex  kind ;  but  tk 
same  stimulation,  in  a  person  awake,  will  give  rise  to  precisely  tk 
same  movements,  which  he  is  conscious  are,  at  least  in  a  great  degree, 
voluntary. 

Some  reflex  actions  are  imperfectly  controllable  by  the  will;  of 
which  the  contraction  of  the  pupil,  and  the  movement  of  deglutitioa 
at  the  isthmus  faucium,  are  examples.  It  is  remarkable,  however, 
that  the  will  may  give  rise  to  these  actions  by  associating  others  witk 
them :  the  pupil  may  be  contracted  at  will,  by  directing  the  eye  in- 
wards ;  and  the  fauces  may  be  contracted  by  bringing  some  saliva  in 
contact  with  them.  In  the  latter  case  the  stimulus  of  volition  alone 
is  not  sufficient  to  excite  the  movement ;  the  addition  of  a  physical 
stimulus  is  likewise  necessary:  and,  in  the  former,  the  excitabilitj  of 
the  fibres  of  the  third  nerve  by  a  mental  stimulus  may  be  materially 
modified  by  their  re-association  with  vesicular  matter  in  the  ophthalmic 
ganglion. 

There  is  nothing  in  this  hypothesis  repugnant  to  the  idea,  that  cw- 
tain  nerves  may  be  connected  in  the  centres  with  masses  of  vesicular 
matter  over  which  the  will  usually  exercises  little  or  no  control,  and 
which,  perhaps,  have  but  a  slight  connection  with  the  brain  throagh 
commissural  fibres.  Facts  like  those  instanced  in  the  preceding  pan- 
graphs  may  be  accounted  for  on  such  a  supposition  as  this.  Thb 
supposition  may  be  required  to  explain  some  of  the  actions  of  nerves 
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Donnected  with  the  medulla  oblongata,  the  vagus  for  instance,  but 
Dertainly  not  of  spinal  nerves. 

It  is  probable  that  in  many  actions  the  double  stimulus,  mental 
ind  physical,  is  necessary  to  their  perfect  development.  The  former 
is  excited  by  the  mind  acting  on  the  vesicular  matter ;  the  latter  is 
piopa^ted  at  the  same  time,  by  sensitive  nerves,  to  the  same  region 
af  Tesicular  matter ;  and  both  simultaneously  influence  the  same  motor 
Kbres.  In  locomotion,  it  seems  probable  that  this  is  the  case :  the 
degree  of  contraction  of  the  muscles  necessary  to  maintain  the  super- 
beambent  weight  is  obtained  by  the  physical  stimulus  of  pressure 
igainst  the  soles  of  the  feet ;  but  the  movements  of  the  limbs,  and 
the  harmonizing  association  of  the  muscular  actions,  are  effected  by 
Bental  influence.  The  pressure  against  the  soles  is  felt,  however ; 
aad  the  same  nerve-fibres  which  excite  the  sensation,  stimulate  the 
fencalar  matter  in  which  the  motor  nerves  are  implanted.  In  many 
iCtioDs  of  familiar  occurrence,  the  voluntary  effort  is  ereatly  enhanced 
by  the  simultaneous  application  of  a  physical  stimulus  to  a  part  of 
Ike  surface  which  is  supplied  with  nerves  from  the  same  region  of  the 
Bord.  The  horseman  feels  more  secure  when  his  legs  are  in  close 
contact  with  the  horse's  flank.  We  gain  a  much  firmer  hold  of  an 
abject  which  adapts  itself  well  to  the  palmar  surface  of  the  hand, 
than  of  one  which,  although  of  no  greater  bulk,  is  yet  so  irregular 
IB  surface  as  not  to  allow  of  such  intimate  contact  with  the  palm. 
Closure  of  the  eyelids  in  winking  is  an  action  of  similar  kind,  result- 
iee  from  a  physical  stimulus,  which,  in  the  perfect  state  of  the  cerebro- 

Einal  centre,  produces  sensation,  and  excites  motion  which  is  at  once 
e  result  of  the  physical  impression,  and  of  the  exercise  of  volition 
provoked  by  the  sensation.  Every  one  must  be  conscious  that  he 
niercises  considerable  control  over  the  movements  of  his  eyelids,  and 
that  it  requires  a  great  effort  to  prevent  winking  for  a  certain  period. 
hi  length,  however,  the  physical  impression,  arising  from  the  contact 
if  air  with  the  conjunctiva,  and  the  diminution  of  temperature  from 
traporation  on  the  surface  of  that  membrane,  which  at  first  caused 
Mt  a  slight  sensation,  produces  pain  ;  the  physical  stimulus  overcomes 
he  mental  resistance,  and  causes  contraction  of  the  orbicular  muscle. 
Ind  it  may  be  remarked  further,  that  the  closure  of  the  lids  by  volun* 
ary  effort  is  much  more  powerful  if  a  stimulus  be  applied  at  the  same 
IBM  to  the  conjunctival  surface,  than  if  left  solely  to  the  exercise  of 
he  will. 

Iq  the  action  just  referred  to,  as  well  as  in  all  other  instances  of 
eflex  actions  which  the  will  can  prevent,  no  satisfactory  explanation 
if  this  controlling  power  of  the  mind  can  be  given  by  Dr.  Hall's 
lypothesis — Do  the  volitional  fibres  exceed  in  number  the  excito- 
eotory?  If  this  were  admitted,  then  we  could  understand  that  an 
«eito-motory  act  might  be  prevented  by  substituting  a  voluntary  act 
ar  it ;  but,  in  the  cases  in  question,  the  mind  prevents  action  alto- 
letber,  notwithstanding  the  exciting  influence  of  the  impression.  The 
ne  explanation  'seems  to  be,  that  the  mind  can  exert  upon  the  vesi- 
olar  matter  a  power  which  can  prevent  the  exercise  of  that  change, 
90 
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or  neutralize  the  change,  without  which  the  motor  fibres  will  not  be 
affected  by  a  physical  stimulus. 

Reflex  actions  are  more  manifest  in  some  situations  than  others: 
thus,  in  cases  of  hemiplegia  from  diseased  brain,  they  are  genenllj 
very  obvious  in  the  lower  extremity,  but  totally  absent  in  the  upper. 
This,  the  advocates  of  the  excito-motory  theory  ascribe  to  a  paucitj 
of  excito-motory  fibres  in  the  latter  limb,  and  to  a  larger  amount  of 
them  in  the  former.  Or,  it  has  been  attributed  to  the  greater  aad 
more  enduring  influence  of  shock  upon  that  segment  of  the  cord  fnm 
which  the  nerves  of  the  upper  extremities  arise,  as  nearer  the  seal  of 
lesion,  than  upon  the  lumbar  segment.  But  another  explanation  ap- 
pears to  us  equally  satisfactory,  and  more  accordant  with  other  phe- 
nomena. A  certain  disposition  of  the  nerves  upon  the  tegumentanj 
surface  is  as  necessary  for  the  development  of  reflex  actions  as  of  seih 
sations;  and  these  movements  will  be  more  or  less  easily  manifested, 
according  as  this  organization  of  the  nerves  on  the  surface  is  more  or 
less  perfect. 

That  disposition  of  the  cutaneous  nerves  which  renders  the  surftce 
easily  excitable  by  titillation  seems  most  favourable  to  the  de?elop- 
ment  of  these  actions.  Hence,  there  is  no  place  where  they  are  moie 
readily  excited  than  in  the  lower  extremities  by  stimulating  the  solei 
of  the  feet  or  the  intervals  between  the  toes,  both  of  which  situatioas 
are  highly  susceptible  of  titillation.  At  the  isthmus  fauciam  the 
slightest  touch  on  the  surface  excites  a  movement  of  deglutition ;  and 
this  touch,  at  the  same  time,  produces  a  very  peculiar  sensation  of 
tickling,  quite  distinct  from  that  which  may  be  excited  at  other  parts 
of  the  pharynx,  or  mouth.  When  this  part  of  the  mucous  membrane 
is  in  a  state  of  irritation  as  an  eflect  of  coryza,  this  tickling  sensation 
is  present,  and  repeated  acts  of  swallowing  are  provoked. 

Two  facts  may  be  stated  here,  which  illustrate  the  position  we  bafe 
laid  down  respecting  the   necessity  of  a  certain  disposition  of  the 
nerves  on  the  tegumental  surface^  for  the  development  of  reflex  artions. 
The  first  is  one  which  has  been  noticed  by  Volkmann,  and  which  we 
had  ourselves  repeatedly  observed,  namely,  that  in  frogs,  and  other 
animals,  reflex  actions  are  readily  excited  by  stimulating  the  feet;  but 
irritating  the  posterior  roots  of  the  spinal  nerves,  which  supply  those 
parts,  is  not  suflicient  for  this  purpose.     In  experiments  repeatedly 
made  upon  the  posterior  roots  of  the  nerves  we  have  very  rarely  seen 
movements  excited  whilst  they  have  been  subjected  to  irritation,  and 
the  recorded  statements  of  all  modern  experimenters  agree  in  the 
main  with  this  statement.     The  second  fact  is  this:  in  the  male  frog 
the  development  of  a  papillary  structure  on   the  skin  of  the  thumb 
seems  to  have  reference  to  the  excitation  of  the  physical  power  of  the 
cord,  to  enable  the  animal  to  grasp  the  female  without  the  necessity 
of  a  prolonged   exercise  of  volition.     Stimulating  the  fingers  will 
scarcely  produce  reflex  actions,  but  the  slightest  touch  to  the  enlarged 
thumb  will  cause  the  animal  to  assume  the  attitude  of  grasping.    If 
the  papillaj  be  shaved  off*  the  thumb,  its  power  of  exciting  these  ac- 
tions is  instantly  lost. 

When  the  polarity  of  the  cord  is  greatly  excited  by  strychnine  or 
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itli€r  substances,  or  when  tetanus  exists^  all  parts  of  the  surface  are 
^qaally  capable  of  exciting  reflex  actions.  The  least  touch  will  cause 
kem,  Dot  only  in  the  limb  touched,  but  in  all  that  side  of  the  trunk, 
ir  even  throughout  the  whole  body.  So  general  is  the  excitation, 
hMt  the  least  impression  made  on  the  peripheral  extremity  of  a  sensi* 
ire  nerve  in  any  part  of  the  body  is  instantly  coq  verted  into  muscular 
tpasm,  more  or  less  general.  A  slight  current  of  air,  in  tetanus, 
a  sufficient  to  excite  general  spasm.  Muller  remarks,  that,  in  such 
itates  of  the  cord,  the  reflex  actions  excited  by  stimulating  the  nerves 
lieinselves  are  much  less  than  those  produced  by  excitation  of  the 
mrfiice. 

The  readiness  with  which  a  physical  change,  induced  in  -one  part 
)f  the  centre,  is  propagated  to  others,  whether  above  or  below  it,  is 
liie  no  doubt  to  the  vesicular  matter.  An  experiment  made  by  Van 
Deen  illustrates  this  statement.  If,  in  an  animal  poisoned  by  strvch- 
line,  the  cord  be  divided  in  its  entire  length  along  the  median  line, 
leaving  only  a  slight  bridge  of  gray  matter,  stimuli  applied  to  any 
part  of  the  surface  will  exhibit  as  extensive  reactions  as  if  the  coru 
vere  entire.  It  is  evident  that  the  only  medium  of  communication 
between  the  opposite  halves,  must  be  the  small  portion  of  vesicular 
Batter  left  undivided. 

Impressions  conveyed  to  the  cord  by  the  posterior  roots  of  any  of 
ila  nerves,  may  be  reflected  to  the  corresponding  motor  nerves  and 
Basse  movement,  or  may  extend  irregularly  along  the  posterior  horns 
if  grajT  matter,  and  stimulate  the  nerves  implanted  in  them,  and  thus 
nve  nse  to  new  sensations,  which  may  be  referred  to  other  and  even 
iistant  parts  of  the  body. 

The  hypothesis,  under  consideration,  afibrds  us  an  explanation, 
Bore  satisfactory  than  any  other,  of  the  paralytic  state  of  the  sphinc- 
ter ani  in  brain  disease,  already  referred  to,  as  well  as  in  that  of  the 
ipioal  cord.  This  muscle  is  certainly  chiefly  under  the  influence  of 
he  will.  In  ordinary  cases  of  diseased  brain  where  the  lesion  is  con- 
laed  to  one  side,  the  centre  of  volition  is  not  sufficiently  impaired  to 
iQiect  its  influence- upon  the  sphincter.  In  graver  lesions,  however, 
ihhough  the  will  may  still  continue  to  exert  its  control  upon  one  side 
>f  the  body,  it  loses  its  power  over  the  sphincter,  which  is  not  ex- 
ntable  by  any  stimulus.  In  disease  of  the  spinal  cord,  there  is  para- 
yaia  of  the  sphincters  if  the  lesion  involve  a  sufficient  portion  of  the 
sord*8  substance,  .in  whatever  region  of  the  cord  it  may  exist.  Even 
irlien  the  lesion  is  situate  high  up  in  the  neck,  or  in  the  dorsal  region, 
caving  the  lumbar  portion  perfectly  whole,  the  sphincter  will  never- 
keless  be  paralyzed.  In  the  former  instances,  the  centre  of  volition 
n  the  cranium  is  diseased ;  in  the  latter,  the  defect  consists  in  the 
ieatruction  of  the  communication  of  the  brain  with  that  portion  of  the 
»rd  in  which  the  nerves  of  the  sphincter  muscle  are  implanted. 

An  examination  of  the  action  of  the  sphincter  will  show  that  the 
inua  is  kept  closed  ordinarily  by  the  passive  contraction  of  the  muscle 
taelf  (see  p.  180);  but  that  its  active  contractions  are  mainlv  excited 
ly  voluntary  influence,  allowance  being  made  for  some  slignt  action 
fhich  may  be  produced  by  the  stimulus  of  sudden  distension,  as  in. 


300  INNERVATIOlf . 

other  circular  muscles.  Now,  as  ft  stimulus  to  sentient  nerres  con- 
stitutes no  necessary  part  of  any  of  these  actions,  it  is  probable  thit 
the  motor  nerves  of  the  sphincter  have  little  or  no  connection  with 
the  sentient  ones;  and,  consequently,  that  muscle  is  not  excitable  to 
contraction  by  a  stimulus  applied  to  a  sentient  surface.  Hence, 
whenever  the  influence  of  the  will  upon  the  lumbar  portion  of  the 
cord  is  suspended,  this  muscle  ceases  to  act,  whether  a  mental  or  i 
physical  stimulus  be  exerted. 

Dr.  Hall  indeed  cites  two  experiments  which  imply  that  the  actioB 
of  the  sphincter  Is  d(?pendent  on  the  cord.  In  both,  however,  (one 
on  a  horse,  the  other  on  a  turtle,)  the  observations  were  made  imae- 
diately  after  division  of  the  cord.  By  the  division,  the  whole  orgii 
was  thrown  into  an  excited  state,  both  above  and  below  the  section, 
and  therefore  manifested  phenomena  similar  to  those  excited  by  voli- 
tion. Indeed,  we  have  seen  the  sphincter  repeatedly  contracting 
after  division  of  the  cord  without  the  application  of  any  new  stimulu 
to  it ;  and  the  dog  continuing  to  raise  and  depress  his  tail  as  longu 
the  irritation  of  the  cord  produced  by  the  section  has  continued. 

On  the  same  principle,  animals  will  exhibit  movements  of  volon- 
tary  character  for  some  time  after  decapitation.  A  bird  thus  treated 
will  fly  for  some  distance,  and  with  considerable  energy,  and  will  flip 
its  wings  if  the  cut  surface  of  the  cord  be  irritated.  A  fly  decapitated 
flies  for  some  way  immediately  after  the  removal  of  the  head;  and 
Walckenaer  observed  a  singular  fact  respecting  the  Cerceris  oroati, 
a  wasp  which  attacks  a  bee  that  inhabits  holes:  '*  at  the  moment  tbit 
the  insect  was  forcing  its  way  into  the  hole  of  the  bee,  Walckenaer 
decapitated  it ;  notwithstanding  which,  it  continued  its  motions,  and, 
when  turned  round,  endeavoured  to  resume  its  position,  and  enter  the 
hole."*  The  change  in  the  vesicular  matter  of  the  ganglia  necessary 
for  the  movements  of  the  wasp  in  pursuit  of  its  prey,  had  already 
been  excited  by  a  powerful  stimulus  of  volition,  which  continued 
even  after  the  removal  of  the  centre  from  which  it  had  emanated. 

So  similar  is  the  change  which  a  physical  stimulus  can  excite  in 
the  gray  matter  to  that  produced  by  the  influence*  of  the  will,  that,  as 
has  been  often  remarked,  the  actions  excited  in  decapitated  animals 
present  a  striking  resemblance  to  the  ordinary  voluntary  movements. 
When  a  certain  portion  of  the  skin  is  irritated,  the  animal  pushes 
against  the  ofTending  substance,  as  if  trying  to  remove  or  displace  it. 
If  the  anus  be  irritated,  both  legs  are  excited  to  action.  It  may 
also  be  observed,  that  the  same  motions  follow  the  same  irritations  of 
the  skin.  If,  in  a  frog,  the  seat  of  irritation  be  on  the  right  side,  the 
corresponding  hind-foot  will  be  raised,  as  if  to  remove  the  irritating 
cause.  The  exact  resemblance  of  these  to  voluntary  movements 
seems  to  admit  of  being  explained  only  on  the  supposition  that  the 
same  fibres  are  employed  in  the  execution  of  both. 

It  must  be  borne  in  mind,  that,  while  this  hypothesis  rejects  the 
class  of  sensori-volitional  fibres  which  pass  with  the  spinal  nerves 
along  the  cord  into  the  brain,  it  admits  the  existence  of  only  three 

*  Qaoted  in  M Ciller's  Physiology,  by  Daly,  vol.  i.  p.  787, 2d  ed. 
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iders  of  fibres  implanted  in  the  yarious  segments  of  the  cord,  viz., 
bose  at  once  sensitive  and  excitor;  those  at  once  for  voluntary  and 
AToluntary  motion ;  and  commissural  fibres.  Moreover,  it  is.  not 
Btended  by  this  hypothesis  to  assume  that  the  intervention  of  sender- 
ion  (t.  e,  the  perception  of  an  impression  by  the  mind)  is  necessary 
br  the  production  of  those  muscular  actions  which  are  excited  by 
dmulation  of  the  surface.  No  more  is  affirmed  than  that  the  same 
timulus  to  the  sensitive  nerve  tvhich  can  and  does  excite  a  sensation, 
%9j  simultaneously^  but  independently^  cause  a  change  in  the  vesicular 
natter  which  shall  stimulate  the  motor  neryes ;  and  that  this  change 
I  of  the  same  kind  as  that  which  the  will  may  excite,  and  affects  the 
Base  motor  nerves. 

Lastly,  this  hypothesis  involves  the  enunciation  of  a  highly  im- 
MHtant  proposition  with  reference  to  nervous  centres.  It  is  this :  that 
>U  the  centres  which  are  connected  to  the  brain  by  commissural 
ibres,  are  thereby  submitted  to,  and  brought  into  connection  with, 
be  mind,  to  an  extent  proportionate  to  the  number  of  connecting 
ibres,so  that  voluntary  impulses  act  upon  them  as  part  and  parcel  of 
he  centre  of  volition  ;  and  sensitive  impressions,  in  afiecting  them, 
iflect  the  sensorium  commune  simultaneously. 

Id  voluntary  actions,  then,  it  may  be  stated,  that,  while  the  brain 
I  the  part  primarily  affected,  the  mental  impulse  is  at  the  same  time 
lirected  to  that  portion  of  the  cord  upon  which  the  required  action 
lepends. 

Id  the  development  of  sensation  the  stimulus  affects  the  posterior 
lorns  of  the  gray  matter  of  the  cord,  which,  from  its  commissural 
iiNinection  with  the  brain,  is  in  reality  a  part  of  the  sensorium. 
Nhea  the  power  of  mental  interference  is  removed,  or  kept  under 
iOQtrol,  physical  actions  develop  themselves ;  being  effected  through 
be  same  nerves  as  those  which  volition  influences,  or  which  sensi- 
ive  impressions  affect.  The  latter  are,  in  such  instances,  the  excitors 
f  the  former,  no  doubt  through  the  vesicular  matter  in  which  they 
re  implanted.  These  actions  become  most  manifest  when  the  con- 
leetion  of  the  brain  with  the  spinal  cord  has  been  severed ;  and  they 
ccor  in  the  most  marked  way  in  those  situations  where  the  cutaneous 
lerres  are  so  organized  as  readily  to  respond  to  the  application  of  a 
timulus  applied  to  the  surface,  or  they  become  universal  when  the 
urd  is  in  a  state  of  general  excitement. 

The  movements  in  locomotion  and  the  maintenance  of  the  various 
ttitudes,  are  effected  through  the  ordinary  channels  of  the  physical 
fld  Tolitional  actions ;  and  the  posterior  columns  of  the  cord,  by  their 
afluence  on  the  vesicular  matter  of  the  segments  in  which  the  nerves 
re  implanted,  co-ordinate  and  harmonize  the  complicated  muscular 
etions  of  the  limbs  and  the  trunk  under  the  control  of  that  portion 
f  the  encephalon  which  probably  is  devoted  to  that  purpose.  This 
ower  of  co-ordination  is  probably  mental,  and  intimately  connected 
rith  the  muscular  sense. 

To  conclude  the  discussion  of  the  functions  of  the  cord,  we  shall 
ere  enumerate  the  physical  nervous  actions  of  which  it  is  the  centre, 
smarking,  at  the  same  time,  that  we  continue  to  use  the  term  spinal 
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Gord  in  its  ordinary  sense,  and  that  we  reject  the  hypothierit  of  a  Irar 
spinal  cordy  anatomically  distinct  from  Uiat  which  has  t6  do  whl- 
mental  nervous  actions. 

We  have  already  stated,  that  probably  part  of  the  mMCQhfidjtai^ 
ments  in  locomotion  are  excited  by  thfe  pressure  aeainst  the  solei  ft 
the  feet.  All  involuntary  movements  of  the  muscles  of  the  tnkidca^ 
extremities,  when  excited  by  external  stimuli,  have  their  centfe  k 
the  spinal  cord.  The  sudden  application  of  cold  to  the  smftee  flf 
the  trunk  or  extremities  frequently  excites  respiratory  moTenealii' 
This  may  be  attributed  to  cutaneous  nerves  affecting  the  gray  mattef 
of  the  cord,  and  through  this  the  intercostal  and  phrenic  nenresloh 
planted  in  it. 

Certain  conditionis  of  the  generative  organs  are  dependent  on  die 
spinal  cord ;  but  they  are  developed  only  in  a  polar  state  of  tkt 
organ,  usually  present  under  sexual  excitement.  Erection  of  the 
penis  is  evidently  dependent  on  the  cord  in  this  way.  In  a  Mit 
of  irritation  of  the  cord,  such  as  may  be  caused  by  traumatic  iDJnrfi 
erection  or  semi-erection  is  frequently  present.  In  paraplegia  theie 
is  frequently  an  absence  of  the  power.  The  excited  state  of  the 
Fallopian  tubes  in  the  female  is  attributable  to  the  sarnie  cause.  The 
action  of  the  uterus  in  parturition,  of  the  bladder  and  rectum  whei 
distended,  is  partly  due  to  the  stimulus  of  distension  on  the  moseahi' 
coats,  and  partly  to  the  physical  power  of  the  cord  excited  by  tkf 
sensitive  nerves  of  those  organs. 

The  nervous  actions  which  accompany  the  nutritive  functions  are 
of  the  physical  kind,  although  not  altogether  removed  from  the  ia- 
fluence  of  volition  and  emotion,  and  have  their  centre  in  the  spinil 
cord.  Thus,  the  heart  is  very  liable  to  be  influenced  by  the  spinil 
cord,  and,  no  doubt,  the  blood-vessels  are  similarly  related  to  it;  and, 
through  their  influence  upon  the  distribution  of  blood  to  the  various 
textures,  it  is  plain  that  the  state  of  the  spinal  cord,  or  of  parts  of  it, 
may  readily  affect  the  molecular  changes  in  which  nutrition  and  secrt* 
tion  intrinsically  consist.  This  subject  will  be  further  discussed  whea 
we  come  to  consider  the  functions  in  question. 

It  has  been  supposed,  that  the  tone  of  the  muscular  system  is 
maintained  by  the  spinal  cord.  If  by  tone  be  meant  what  we  have 
described  as  passive  contraction^  we  can  only  remark,  that  the  phe- 
nomena which  characterize  that  state  are  just  as  obvious  in-nascles 
taken  from  animals  recently  deprived  of  the  spinal  cord  as  in  others; 
and  that  the  analogous  state,  rigor  mortis,  comes  on  as  distinctly 
when  the  spinal  cord  and  brain  have  been  removed^  as  if  they  were 
untouched.  Healthy  nutrition,  in  our  opinion,  supplies  all  the  con- 
ditions necessary  for  the  maintenance  of  the  tone  or  the  pasnfe 
contraction ;  nor  is  the  spinal  cord  (although  itself  healthy)  able  to 
preserve  the  tense  condition  of  the  muscles,  if  they  are  not  well 
nourished.  The  removal  of  the  spinal  cord,  indeed,  immediately 
produces  a  flaccid  state  of  the  muscles  of  the  limbs;  but  this  is  owing 
to  the  immediate  cessation  of  the  slight  degree  of  active  contraction 
necessary  to  maintain  a  certain  posture.  A  decapitated  frog  will 
continue  in  the  sitting  posture  through  the  influence  of  the      *    ' 
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wd ;  bnt,  immediately  this  organ  is  removed,  the  limbs  fall  apart, 
Rwa  the  loss  of  the  controlling  and  co-ordinating  influence  of  the 
itffToua  centres.  But  careful  examination  will  show,  that  in  these 
■aba  die  molecular  phenomena  which  characterize  passive  contrac- 
wo  coBttnue.  It  must  be  remarked,  however,  that  muscles  separated 
PMitheir proper  nervous  connection  soon  suffer  in  their  nutrition, 
iM(  the  want  of  that  amount  of  exercise  which  is  necessary  for  it. 
for  this  important  observation  we  are  indebted  to  Professor  John 
Rcid,  who  likewise  called  attention  to  the  confirmatory  fact,  that,  in 
hose  palsies  with  which  there  is  combined  more  or  less  irritation  of 
he  Bervoua  centre,  the  muscles  do  not  suffer  in  their  nutrition,  in 
aMsequeace  of  the  exercise  they  undergo  in  the  startings  so  frequently 
saeitcd  in  them  by  the  central  irritation. 

AAcr  these  remarks,  it  is  scarcely  necessary  to  add,  that  we  must 
■rtcr  our  protest  against  the  doctrine  which  assigns  the  spinal.cord  as 
!bc  source  of  muscular  irritability.  This  doctrine,  indeed,  has  hut 
ieader  support  either  in  reason  or  experience.  It  is  contrary  to  all 
iBilogy  to  assign  to  one  tissue  the  power  of  conferring  vital  properties 
IB  another.  If  bone,  tendon,  and  cartilage  have  their  distinctive  pro* 
jwrties,  they  possess  them  in  virtue  of  some  peculiarity  inherent  in 
Iheir  mode  of  nutrition,  and  do  not  derive  them  from  any  other  texture. 
lad,  sorely,  it  is  too  much  to  suppose  that  a  tissue,  like  muscle,  so 
eonplex  in  its  chemical  constitution,  and  so  exquisitely  organized  for 
iie  development  of  its  proper  force,  should  be  dependent  on  the 
Msrvous  sjrstem,  or  a  portion  of  it,  for  its  contractile  power!  Our 
HTB  experience  is  quite  opposed  to  the  statement  of  Dr.  Hall,  that, 
ift  cases  of  palsy  dependent  on  cerebral  lesion,  the  muscles  of  the 
Acted  limbs  acquire  an  increased  irritability,  from  the  cord,  which 
Im  supposes  to  be  the  source  of  irritability,  remaining  intact,  while 
the  influence  of  the  exhauster  of  irritability  (the  brain)  is  removed, 
h  all  our  experiments,  which  have  been  numerous,  we  have  found 
ihe  palsied  muscles  less  excitable  by  the  galvanic  stimulus  than  those 
if  the  sound  side,  and  the  difference  has  been  more  manifest  the 
oager  the  period  since  the  paralytic  seizure.  Exceptions  to  this 
iatcmeat^  however,  are  found  in  those  cases  in  which  the  paralysis 
las  been  accompanied  with  cerebral  irritation  sufficient  to  keep  up  a 
late  of  more  or  less  acHve  contraction  of  the  affected  muscles.* 

liiimeiumM  of  the  medulla  oblongata^  mesocephaUj  corpora  striatOj 
md  ^fde  Uuuami. — Although  the  anatomist  may  find  it  convenient 
o  describe  these  parts  each  by  itself,  it  is  impossible,  in  the  consi- 
leration  of  their  functions,  to  separate  them  completely,  they  are  so 
tloaely  connected  with  each  other,  and  the  functions  of  one  part  are 
•  readily  affected  by  any  change  in  those  of  the  other.  Thus,  the 
ilivary  columns,  which  form  the  central  and  most  essential  part  of 
he  medulla  oblongata,  extend  upwards  through  the  mesocephale  to 
he  optic  thahuni ;  and  the  anterior  pyramids  form  an  intimate  con* 
leclioa  not  only  with  the  vesicular  matter  of  the  mesocephale,  but, 

also  Dr.  Pereira*^  ezperimeats,  Mat  Med.,  voL  ii.  p.  1301. 
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to  a  great  extent,  with  that  of  the  corpora  striata.  All  theK  pvti 
taken  together,  with  the  quadrigeminal  tubercles,  will  be-fouDdtobc 
the  centre  of  the  principal  mental  nervous  actions,  and  of  eertn 
physical  actions  which  are  very  essential  to  the  integrity  of  tk 
economy. 

The  office  of  the  nerves  which  arise  from  the  segment  of  the  een* 
phalon  throws  light  upon  its  function.  These  nerves  are  partly  d^ 
stined  for  respiration,  partly  for  deglutition,  and  partly  also  foradirf 
volition  and  sensation. 

Destruction  of  the  medulla  oblongata  is  followed  by  the  immediitc 
cessation  of  the  phenomena  of  respiration ;  and  this  takes  pkee 
whether  it  be  simply  divided,  or  completely  removed.  When  ■ 
animal  is  pithed,  he  falls  down  apparently  senseless,  and  ezhibitiif 
only  such  convulsive  movements  as  maybe  due  to  the  irritatioiol 
the  medulla  by  the  section,  or  such  reflex  actions  as  may  be  ttiaSd 
by  the  application  of  a  stimulus  to  some  part  of  the  trunk. 

If,  in  an  animal  which  breathes  without  sr  diaphragm,  as  in  a  M 
or  reptile,  the  spinal  cord  be  gradually  removed  in  successive  p» 
tionsj  proceeding  from  below,  up  to  within  a  short  distance  of  tk 
medulla  oblongata,  loss  of  motor  and  sensitive  power  takes  piice 
successively  in  the  segments  of  the  body  with  which  the  remord 
portions  of  the  cord  were  connected.  But  the  animal  still  retain 
its  power  of  perceiving  impressions  made  on  those  parts  of  the  bodj 
which  preserve  their  nervous  connection  with  the  medulla  oblongati, 
and  continues  to  exercise  voluntary  control  over  the  movements  of 
those  parts.  The  movements  of  respiration  go  on,  and  deglutition  is 
performed.     The  higher  senses  are  unimpaired.     {Flourent^  p.  179.) 

These  phenomena  are  sometimes  observed  in  man — in  such  cna 
as  that  alluded  to  in  a  former  page ;  where,  from  injury  to  the  spinal 
cord  in  the  neck,  below  the  origin  of  the  phrenic  nerve,  the  patient 
appears  as  a  living  head  with  a  dead  trunk.  The  sensibility  and 
motor  power  of  the  head  are  perfect ;  respiration  goes  on  partially, 
and  deglutition  can  be  readily  performed.  The  senses  and  the  intd- 
lectual  faculties  remain  for  a  time  unimpaired. 

Irritation  of  any  part  of  the  medulla  oblongata  excites  convulsive 
movements  in  muscular  parts  which  receive  /lerves  from  it,  and, 
through  the  spinal  cord,  in  the  muscles  of  the  trunk.  Spasm  of  the 
glottis,  difficulty  of  deglutition,  irregular  acts  of  breathing,  result  from 
irritation  of  the  medulla  oblongata  ;  and,  if  the  excitement  be  pro- 
pagated to  the  cord,  convulsions  will  become  more  or  less  general. 

If  a  lesion  affect  one-half  of  the  medulla  oblongata,  does  it  pro- 
duce convulsions  or  paralysis  on  the  opposite  side  of  the  body  ?  This 
question  may  be  certainly  answered  in  the  affirmative,  when  the  sett 
of  the  lesion  is  in  the  continuations  of  the  columns  of  the  medulla 
oblongata  above  the  posterior  margin  of  the  pons.  It  is  not  so  easily 
solved,  however,  when  the  disease  is  situate  below  the  pons.  The 
results  of  experiment  on  this  subject  are  contradictory,  owing  probably 
to  the  extreme  difficulty  of  limiting  the  injury  inflicted  to  a  portion  of 
the  medulla  on  one  side;  and  those  of  Flourens  are  of  no  value  for 
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tke  decision  of  this  question,  as  it  appears  that  he  injured  chiefly 
the  restiform  bodies.  Anatomy  suggests,  that  a  lesion  limited  to 
cither  anterior  pyramid  would  anect  the  opposite  side  of  the  trunk,  for 
it  is  known  that  such  an  effect  follows  disease  of  the  continuation  of 
it  in  the  roesocephale  or  crus  cerebri;  and  that  lesion  limited  to  the 
posterior  half  of  the  medulla  on  either  side  would  affect  the  same  side 
of  the  body,  no  decussation  existing  between  the  fibres  of  opposite 
restiform  or  posterior  pyramidal  bodies.  The  irritating  or  depressing 
isflaence  of  the  lesion  would  probably  be  extended  to  the  spinal  gray 
mtter  of  the  same  side. 

That  the  medulla  oblongata  is  the  channel  through  which  the 

operttions  of  the  brain  are  associated  in  voluntary  actions  with  the 

8|HDaI  cord,  is  shown  by  the  fact  that  paralysis  of  all  the  muscles  of 

ihe  trunk  follows  the  separation  of  the  latter  organ  from  the  former. 

It  teems  not  improbable  that  the  centre  of  volition  is  connected  with 

•   one  or  both  of  the  gangliform  bodies  (corpora  striata  and  optic  tha- 

lami)  in  which  the  columns  of  the  medulla  oblongata  terminate  above. 

yihen  the  cerebral  hemispheres  have  been  removed,  as  in  Flourens' 

and  in  Magendie's  experiments,  the  bird  is  thrown  into  a  deep  sleep, 

a  state  of  stupefaction,  and  insensibility  to  surrounding  objects.    But 

he  can  maintain  his  attitude — stand — walk,  when  first  propelled — fly, 

if  thrown  into  the  air.     This  continuance  of  the  locomotive  power 

iaplies  some  degree  at  least  of  mental  or  volitional  effort.     All  the 

iDimal's  movements  have  much  of  the  appearance  of  the  exercise  of 

vill,  although,  doubtless,  many  of  them  are  in  a  great  degree  excited 

hj  physical  stimuli.     Hence  there  seems  reason  to  believe  that  the 

vill  exerts  a  primary  influence  upon  either  or  both  of  these  gangliform 

bodies,  more  vigorous  when  aided  and  guided  by  the  power  of  the 

cerebral  hemispheres.     The  frequent  paralysis  of  motion  apart  from 

sensation  when  the  upward  continuations  of  the  pyramidal  fibres  in 

the  corpora  striata  are  diseased,  renders  it  extremely  probable  that 

these  fibres  are  the  media  of  connection  between  the  brain  and  cord 

m  voluntary  actions. 

The  medulla  oblongata  is  not  less  the  medium  for  the  transmission 
of  sensitive  impressions  from  all  the  regions  of  the  head,  trunk,  and  ex-. 
tremities ;  and  from  it^  olivary  columns  at  their  upper  and  posterior  part 
being,  as  it  were,  the  concourse  of  all  the  nerves  of  pure  sense,  it 
seems  fair  to  assign  these  parts  as  the  prime  seat  of  those  central 
impressions  which  are  necessary  for  sensation.  The  reception  of 
these  impressions  by  the  cerebral  hemispheres  is  the  stage  immediately 
associated  with  mental  perception.  True  sensation,  therefore,  cannot 
take  place  without  cerebral  hemispheres.  In  a  sensation  excited  in 
parts  supplied  by  spinal  nerves,  the  first  central  change  is  probably 
in  the  posterior  horn  of  the  vesicular  matter  of  the  cord ;  and  the 
olivary  column  of  the  medulla  oblongata  is  simultaneously  affected, 
from  its  connection  with  the  cord.  The  change  in  this  latter  part  is 
then  propagated  to  the  cerebral  hemispheres. 

Thus  much  is  suggested  by  anatomy,  as  regards  the  mechanism  of 
sensitive  impressions.     Experiment  affords  us  no  aid  in  this  intricate 
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and  difficult  subject;  neither  does  patholoeical  anatomy :  for  the  pirti 
are  so  closely  associated  with  each  other,  that  any^  mbrbid  state  of  om* 
readily  iavolyes  the  others,  so  that  it  is  •  almost  impossible  to  find  ar 
morbid  state  of  the  parts  devoted  to  sensation,  apart  from  an  afieAMB; 
of  those  more  immediately  concerned  in  motion. 

The  function  of  the  restiform  bodies  is  probably  associated  wilk: 
that  of  the  hemispheres  of  the  cerebellum,  and  of  the  posterior  est 
umns  of  the  spinal  cord. 

The  experiments  of  Le  Gallois  and  Flburens  render  it  certain  tbl' 
the  medulla  oblongata  is  the  centre  of  respiratory  moFements.  Tk' 
latter  physiologist  assigns  as  the  ^'primum  movens"  of  these  adiill 
that  portion  of  the  medulla  which  extends  from  the  filaments  flf' 
origin  of  the  vagus  nerve  to  the  tubercula  qaadrigemina,  tbe  fbroNr 
only  inclusive.  Destruction  of  this  portion,  in  whole  or  is  put, 
invariably  impairs  or  destroys  the  respiratory  actions,  and  a  moriiid 
state  of  it  gives  rise  to  irregular  or  excited  movements  of  respiratioB.  , 
Sighing,  yawning,  coughing,  are  probably  connected  with  ezcitafin- 
of  this  centre,  either  direct,  or  propagated  to  it  from  some  aeatial 
surface. 

This  portion  of  the  encephalon  is  also  the  centre  of  action  ia  tbe- 
movements  of  deglutition,  through  fibres  of  the  elosso-pharyngeil 
and  vagi  nerves.  A  morbid  state  of  it  occasions  difficulty,  or  evM- 
paralysis,  of  deglutition.-  Animals  deprived  of  the  cerebral  heai- 
spheres  and  cerebellum  will  preserve  the  power  of  swallowing  food 
introduced  within  the  grasp  of  the  fauces,  so  long  as  tbe  medalh 
oblongata  continues  uninjured.  In  foetuses  born  without  cerebral 
hemispheres,  those  actions  are  present  which  depend  on  the  spinil 
cord  and  medulla  oblongata;  all  the  movements  of  respiration  and 
deglutition  are  performed  as  well  as  in  the  perfect  foetus.  Mr.  Graiih 
ger^s  experiments  show  that  puppies  deprived  of  the  hemispheres  of 
the  brain  can  perform  the  movements  of  suction  with  considerable 
vigour,  when  the  finger  is  introduced  into  the  mouth,  (foe.  tH.^ 
pp.  SO-l,)  and  the  remarkable  fact  of  the  adhesion  of  the  fintos  of 
the  kangaroo  to  the  nipple  within  the  pouch,  no  less  than  its  respira- 
tory movements,  must,  as  this  author  remarks,  be  regarded  as  a  most 
interesting  display  of  the  physical  power  of  the  medulla  oblongata, 
while  the  rest  of  tbe  brain  is  as  yet  undeveloped. 

The  actions  of  respiration  and  deglutition  are,  to  a  gi^at  extent,  of 
the  physical  kind,  being  excited  by  impressions  propagated  from  the 
periphery.  In  those  of  respiration,  the  ordinary  exciting  cause  is 
probably,  as  Dr.  Hall  supposes,  due  to  the  chemical  changes  in  the 
respired  air  which  are  effected  in  the  lungs.  These  movements  may 
be,  to  a  certain  extent,  controlled  by  tbe  will ;  but  every  one  is  con- 
scious, from  his  own  sensations,  that  after  a  time  the  physical  stimulus 
is  capable  of  conquering  the  restraining  influence  of  the  mind ;  a 
striking  example  of  a  mental  stimulus  giving  way  to  a  physical  one; 
and  illustrative,  as  we  think,  of  the  doctrine  that  the  same  fibres  are 
affected  by  both  stimuli.  The  excitation  of  the  medulla  oblongata  in 
respiration  does  not,  however,  depend  solely  upon  the  pulmonary 
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ires.  Those  of  the  sktn  are  capable  of  exciting  it,  either  directly 
the  fifth  pair,  or  through  the  spinal  cord,  as  is  prored  by  the  in- 
ntions  which  are  instantly  excited  by  suddenly  dashing  cold  water 
the  face  or  trunk. 

[n  deglutition,  the  exciting  cause  is  the  stimulus  of  contact  applied 
tile  mucous 'membrane  of  the  fauces.  So  highly  sensitive  is  the 
eous  membrane  in  this  situation ,  that  the  slightest  touch  of  it  with 
eather  isBuflScient  to  produce  contraction  of  the  muscles  of  deglu* 
on,  which  the  mil  is  scarcely  able  to  control.  Without  this  stirou- 
;,  it  is  doubtful  whether  these  muscles  would  obey  the  will  alone ; 
1  it  seems  probable  that  this  part  of  the  act  of  deglutition  must  be 
fjuded  as  one  of  those  actions  referred  to  at  a  former  page,  which 
laire  a  double  stimulus,  both  mental  and  physical,  for  their  full 
rformance.    (See  p.  296.) 

The  medulla  oblongata  and  its  continuations  in  the  mesocephale 
pear  to  be  the  centre  of  those  actions  which  are  influenced  by 
lOtion.  The  common  excitement  of  movements  of  deglutition  or 
piration,  or  of  sensations  referred  to  the  throat,  under  the  influence 
emotiott,  evidently  points  to  this  part  of  the  cerebro-spinal  centre 
being  very  prone  to  obey  such  impulses ;  and  as  the  nerves  of  pure 
me,  especially  the  optic  and  auditory,  are  very  commonly  the 
lanels  of  sensitive  impressions  well  calculated  to  arouse  the  feel- 
ja,  it  seems  highly  probable  that  the  centre  of  such  actions  should 
eontiguous  to  the  origin  of  these  nerves.  We  would  assign  this 
ire  to  that  region  of  the  mesocephale  which  is  in  the  vicinity  of  the 
idrigeminal  tubercles.  It  is  not  a  little  remarkable  that  the  nerves 
lieh  arise  from  this  and  the  neighbouring  parts  are  very  readily 
laenced  by  emotions.  Thus,  the  third  and  fourth  pairs  of  nerves 
priate  the  principal  movements  of  the  eyeballs,  those  especially 
lieh  most  quickly  betray  emotional  excitement;  and  the  portio  dura 
the  seventh  pair,  the  motor  nerve  of  the  face,  is  .the  medium 
oagh  which  changes  of  the  countenance  are  effected.  It  may  be 
ded,  that  the  centre  of  emotional  actions  ought  to  be  so  situated 
it  it  could  readily  communicate  with  the  centres  of  all  the  volun* 
y  actions  of  the  body,  and  with  the  immediate  seat  of  the  in- 
lectual  operations,  as  well  as  with  the  nerves  of  pure  sense ;  and 
part  possesses  these  relations  so  completely  as  that  to  which  we 
er. 

h  those  diseases  which  mental  emotion  is  apt  to  give  rise  to,  many 
the  symptoms  are  referable  to  afiection  of  the  medulla  oblongata. 
hysteria,  the  globus,  or  peculiar  sense  of  suSbcation  or  constriction 
mt  the  fauces ;  in  chorea,  the  difficulty  of  deglutition,  the  peculiar 
fvement  of  the  tongue,  the  excited  state  of  the  countenance,  the 
Bculty  of  articulation,  may  be  attributed  to  the  exalted  polarity  of 
!  centre  of  emotional  actions.  In  hydrophobia  this  part  is  probably 
raja  affected,  and  frequently  so  in  tetanus. 

Certain  gangliform  bodies  are  connected  with  the  upward  con* 
aations  of  the  medulla  oblongata,  both  in  the  brain  and  in  the 
aocephale,  which  doubtless  have  proper  functions.  These  are  the 
|N>ra  striata,  optic  thalami,  and  quadrigeminal  bodies. 
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Corpora  sttiata, — The  anatomy  of  the  corpora  striata  and  opfie 
thalami,  while  it  denotes  a  very  intimate  union  between  them,  tin 
shows  so  manifest  a  difiference  in  their  structaral  characten,  tht  it 
cannot  be  doubted  that  they  perform  essentially  diflerent  fiiiDCtioii 
In  the  corpora  striata  the  fibrous  matter  is  arranged  in  distinct  ftaddei  _ 
of  very  difierent  size,  many,  if  not  all  of  which,  form  a  special  en-  ^^ 
nection  with  its  vesicular  matter.  In  the  optic  tbalami,  on  the  lAa 
hand,  the  fibrous  matter  forms  a  very  intricate  interlacement,  vhiekii 
equally  complicated  at  every  part.  Innumerable  fibres  pass  bomm 
to  the  other,  and  both  are  connected  to  the  hemispheres  by  ezteMR 
radiations  of  fibrous  matter.  The  corpora  striata,  however,  are  e» 
nected  chiefly,  if  not  solely,  with  the  inferior  fibrous  layer  of  tiek 
crus  cerebri ;  whilst  the  optic  thalami  are  continuous  with  the  supemr 
part  of  each  crus,  which  is  situate  above  the  locus  niger. 

It  will  be  observed,  then,  that  while  these  bodies  possess,  ii  a 
principal  character  in  common,,  their  extensive  connection  wilh  tk 
cerebral  hemispheres,  or,  in  other  ^ords,  with  the  convoluted  sarfai 
of  the  brain,  they  are,  in  the  most  marked  way,  connected  inferiorif 
with  separate  and  distinct  portions  of  the  medulla  oblongata;  fli 
corpora  striata  with  the  inferior  fibrous  planes  of  the  crura  cer^ 
and  their  continuations,  the  anterior  pyramids;  and  the  optic  thaliai 
with  the  olivary  columns,  the  central  and  probably  fundamental  po^ 
tions  of  the  medulla  oblongata.  And  this  anatomical  fact  must  ke 
taken  as  an  additional  proof  of  their  possessing  separate  functioBL 

Now,  it  may  be  inferred,  from  their  connections  with  nerves  chid^ 
of  a  sensitive  kind,  that  the  olivary  columns,  and  the  optic  thahuaii 
which  are  continuous  with  them,  are  chiefly  concerned  in  the  recep* 
tion  of  sensitive  impressions,  which  may  principally  have  reference 
merely  to  informing  the  mind  (so  to  speak),  or  partly  to  the  ezcitatioB 
of  motion,  as  in  deglutition,  respiration,  &c.  The  posterior  horns  q( 
the  gray  matter  of  the  cord,  either  by  their  direct  continuity  with  the 
olivary  columns,  or  their  union  with  them  through  commissural  Bbres, 
become  part  and  parcel  of  a  great  centre  of  sensation^  whether  ftr 
mental  or  physical  actions. 

The  pyramidal  bodies  evidently  connect  the  gray  matter  of  the 
cord  (its  anterior  horns  ?)  with  the  corpora  striata ;  and  not  only  these, 
but  also  the  intervening  masses  of  vesicular  matter,  such  as  the  locos 
niger,  and  the  vesicular  matter  of  the  pons,  and  of  the  olivary  col- 
umns; and,  supposing  the  corpora  striata  to  be  centres  of  volition 
in  intimate  connection  with  the  convoluted  surface  of  the  brain  by 
their  numerous  radiations,  all  these  several  parts  are  linked  together 
for  the  common  purposes  of  volition,  and  constitute  a  great  centre 
of  voluntary  actions,  amenable  to  the  influence  of  the  will  at  every 
point. 

It  has  been  pretty  generally  admitted  by  anatomists,  that  both  the 
corpora  striata  and  the  anterior  pyramids  are  concerned  in  voluntafj 
movements.  The  motor  tracts  of  Bell  were  regarded  by  that  phy- 
siologist as  passing  upwards  from  the  anterior  columns  of  the  cord  to 
the  corpora  striata,  and,  after  traversing  those  bodies,  as  diverging 
into  the  fibrous  matter  of  the  hemispheres ;  and  the  fact  of  the  origin 
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of  certain  motor  nerves,  in  connection  ^ith  those  fibres,  was  con- 
sidered to  be  very  favourable  to  this  view.  The  decussation  of  the 
mnmids,  likewise,  so  illustrative  of  the  cross  influence  of  the  brain 
» lesions  sufficient  to  produce  paralysis,  has  been  looked  upon  as  an 
•Idttional  indication  of  the  motor  influence  of  these  parts. 

The  invariable  occurrence  of  paralysis  as  the  result  of  lesion,  even 
flf  flight  amount,  in  the  corpora  striata,  must  be  regarded  as  a  fact 
if  itroDg  import  in  reference  to  the  motor  functions  of  these  bodies. 

Nor  is  this  fact  at  all  incompatible  with  the  statements  made  by  all 
experimenters,  that  simple  section  of  the  corpus  striatum  does  not 
Mcasion  either  marked  paralysis  or  convulsion  ;  and  that  in  cutting 
twiythe  diflerent  segments  of  the  brain,  beginning  with  the  hemi- 
ipberes,  convulsions  are  not  excited  until  the  region  of  the  mesoce- 
jikale  is  involved.  The  influence  of  the  corpora  striata  is  not  upon 
Ike  nerves  directly^  but  upon  the  segments  of  the  medulla  oblongata 
ff  of  the  spinal  cord,  and,  through  them,  upon  the  nerves  which  arise 
im  them.  Were  the  nerve-fibres  continued  up  into  the  corpora 
iriita,  according  to  an  opinion  which  has  been  long  prevalent,  there 
voald  be  no  good  reason  for  supposing  that  they  should  lose  in  (be 
IniD  that  excitability  to  physical  stimuli  which  they  are  known  to 
poswss  in  the  spinal  cord,  and  at  their  peripheral  distribution. 

The  latest  experiments,  which  are  those  of  Longet  and  Lafargue, 

Ee  in  the  following  result,  which  is  not  at  variance  with  that 
ined  by  Flourens.  The  animals  remain  immovable  after  the 
rcBoval  of  the  corpora  striata,  whether  those  bodies  have  been  re- 
■oved  alone  or  in  conjunction  with  the  hemispheres ;  nor  do  they 
tow  any  disposition  to  move,  unless  strongly  excited  by  some  exter- 
nl  stimulus.  None  of  these  observers  had  noticed  the  irresistible 
endency  to  rapid  propulsion,  which  was  described  by  Magendie. 
Itmoval  of  the  corpus  striatum  of  one  side  caused  weakness  of 
be  opposite  side. 

Id  order  to  form  a  due  estimate  of  these  experiments,  it  must  be 
CMve  in  mind,  that  the  effect  of  simple  excision  of  either  corpus 
iriatum  would  be  very  diflerent  from  those  of  diseases  of  it.  The 
epressing  eflects  of  the  latter  would  be  absent,  at  least,  until  some 
Iteration  in  the  process  of  nutrition  had  been  set  up  in  the  mutilated 
arts.  Simple  excision  of  the  centre  of  volition,  and  inflammatory 
iaeases  of  its  substance,  or  an  apoplectic  clot,  must  produce  essen- 
ally  different  eflects; — the  one  simply  cuts  ofi"  the  influence  of 
le  will,  the  other  aflects  the  vital  action,  and,  consequently,  the 
ital  power  of  the  centre,  and  of  the  commissural  fibres  connected 
ithit. 

Judging  from  structure  only,  it  might  be  conjectured  that  the  locus 
jfier,  that  remarkable  mass  of  vesicular  matter  which  separates  the 
iterior  and  posterior  planes  of  each  crus  cerebri,  exerts  a  motor  in- 
aence.  It  resembles  in  structure  the  anterior  horns  of  the  gray  matter 
*  Ibe  cord,  and  contains  numerous  large  caudate  vesicles  with  very 
randant  pigment. 

Optic  thakmi. — The  same  line  of  argument  which  leads  us  to 
lew  the  corpora  striata  as  the  more  essential  parts  of  the  nervous 
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apparatus  \vhich  control  direct  voluntary  moFements,  suggests  ftit 
the  optic  thalami  may  be  viewed  as  the  principal  A>ci  of  i!ensibilit|, 
without  which  .the  mind  could  not  perceive  the  physical  change  n> 
suiting  from  a  sensitive  impression. 

The  principal  anatomical  fact  which  favours  this  conclvnoD|iilk 
connection  of  all  the  nerves  of  pure  sense,  more  or  less  dipectl/fitt 
the  optic  thalami  or  with  the  olivary  columns.  The  olfiictOfjp» 
cesses,  which  apparently  have  no  connection  ,wijh  them,foni,|l 
doubt,  through  the  fornix^  such  a  union  with  them,  as  readily  .to  bii( 
them  within  the  influence  of  the  olfactory  nerves. 

According  to  this  sense  of  its  office,  we  must  regard  the  <flk 
thalami  as  the  upper  and  chief  portions  of  an  extended  centR|il 
which  the  lower  part  is  formed  by.  the  olivary  colamns,  whiek  ic 
have  already  referred  to  as  takine  part  in  the  mechanism  of  sensHiiSi 
The  continuity  of  the  olivary  columns  with  the  optic  thalami  jostiiiBi 
this  view :  nor  is  it  invalidated  by  the  fact,  that  some  of  the  mna 
which  arise  from  the  medulla  oblongata  are  motor  in  function  ;fv 
Stilling's  researches  render  it  probable  that  these  fibres  bare  (kit 
origin  in  special  accumulations  of  vesicular  matter,  which  coitiii 
caudate  vesicles  of  the  same  kind  as  those  found  in  the  smterfor  hMi 
of  the  gray  matter  of  tbe  cord.    (See  fi^.  70.) 

The  results  which  experiments  have  yielded,  add  little  that  is  poo- 
tive  to  our  knowledge  of  the  functions  of  these,  bodies.  .Flowcpi 
found  that  neither  pricking  nor  cutting  away  the  optic  thalami  by  Si^ 
cessive  slices,  occasioned  any  muscular  agitation,  nor  did  it  ereaii- 
duce  contraction  of  the  pupils.  Longet  found  that  removal  of  oie 
optic  thalamus  in  the  rabbit  was  followed  by  paralysis  on  the  oppo- 
site side  of  the  body.  ,  It  appears,  however,  that  this  was  done  after 
the  removal  of  the  hemisphere  and  corpus  striatum,  whereby  the 
{experiment  was  so  complicated  as  to  invalidate  any  conclusion  tbit 
might  be  drawn  from  it  respecting  the  function  of  the  thalamus,  b* 
deed,  vivisections  upon  so  complex  an  organ  as  the  brain  are  ill  gsI- 
culated  to  lead  to  useful  or  satisfactory  results ;  but  we  do  not  hcsh 
tate  to  quote  such  as  have  been  made,  from  the  imperfect  negatire 
information  which  they  afford. 

Nothing  definitive  respecting  the  proper  office  of  the  thalami  cin 
be  obtained  from  pathological  anatomy.  Extensive  disease  of  these 
bodies  is  attended  with  the  same  phenomena  during  life,  as  leson  of 
similar  kind  in  the  corpora  striata.  Hemiplegic  paralysis  accompi- 
nies  both ;  nor  does  it  appear  that  sensation  is  impaired  when  tke 
thalamus  is  diseased,  more  than  when  the  corpus  striatum  is  affected. 

We  see  nothing  in  the  phenomena  which  attend  morbid  states  of 
the  thalami,  to  oppose  the  conclusion  which  their  anatomical  rela- 
tions indicate,  namely,  that  they  form  a  principal  part  of  the  centre 
of  sensation.  The  intimate  connection  between  the  striated  bodies 
and  the  thalami,  sufficiently  explains  the  paralysis  of  motion  which 
follows  disease  of  the  latter ;  whilst,  as  the  thalami  do  not  constitute 
the  whole  centre  of  sensation,  but  only  a  part,  it  cannot  be  expected 
that  lesion  of  this  part  would  destroy  sensation,  so  long  as  the  re- 
mainder of  the  centre  on  the  same  sicle,  as  well  as  that  of  the  oppo- 
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te  side,  retain  their  integrity.  Complete  paralysis  of  sensation  on 
M  side  is  very  rare  in  diseased  brain  :  a  slight  impairment  of  it  fre- 
M&tly  exists  in  the  early  periods  of  cerebral  lesion,  apparently  as 
a  effect  of  shock  ;  for  it  quickly  subsides,  although  the  motor  power 
0f  never  return. 

According  to  the  views  above  expressed,  the  corpora  striata.and 
ipiic  thalami  bear  to  each  other  a  relation  analogous  to  that  of  the 
Mterior  to  the  posterior  horn  of  the  spinal  gray  matter.  The  corpora 
imta  and  anterior  horns  are  centres  of  motion ;  the  optic  thalami 
lid  posterior  boms  centres  of  sensation.  The  anterior  pyramids  con- 
Met  the  former ;  the  olivary  columns,  and  perhaps  some  fibres  of  the 
Mterior  pyramids,  the  latter.  The  olivary  columns,  however,  are  in 
pcit  part  continuations  of  the  thalami  on  the  one  hand,  and  of  the 
1^  matter  of  the  cord  on  the  other:  and  contain  abundance  of  ve- 
acdhr  matter,  in  which  nerves  are  imptanted. 

And  it  must  be  admitted  that  the  intimate  connection  of  sensation 
■d  motion,  whereby  sensation  becomes  a  frequent  excitor  of  motion, 
v«id  voluntary  motion  is  always,  in  a  state  of  health,  attended  with 
BMfition, — would  a  priori  lead  us  to  look  for  the  respective  centres 
r  Ihese  two  great  faculties,  not  only  in  juxtaposition,  but  in  union 
\  least  as  intimate  as  that  which  exists  between  the  corpus  striatum 
id  optic  thalamus,  or  between  the  anterior  and  the  posterior  horns  of 
le  spinal  gray  matter. 

JSaacerotte,  Foville,  Pinal  Grandchamps,  and  others,  advanced  the 
•faiion  that  the  corpora  striata  and  the  fibrous  substance  of  the  an- 
rior  lobesof  the  brain  had  a  special  influence  upon  the  motions  of 
e  lower  extremities,  and  that  the  optic  thalami  and  the  fibrous  sub- 
iBce  of  the  middle  and  posterior  part  of  the  brain  presided  over  the 
nvements  of  the  upper  extremities.  We  find,  however,  but  little 
fiiTOur  this  theory  either  in  the  results  of  experiments,  in  patho- 
peal  observation,  or  the  anatomy  of  the  parts.     Longet  states,  that, 

bis  experiments  upon  the  optic  thalami,  the  paralysis  affected 
iimlly  the  anterior  and  the  posterior  extremities.  Andral  analyzed 
Fnty-five  cases  of  cerebral  lesion  limited  to  the  corpus  striatum  or 
itic  dialamus.  In  twenty-three  of  these  cases,  the  paralysis  was 
ofined  to  the  upper  extremity:  of  these,  eleven  were  affected  with 
ROD  of  the  corpus  striatum  or  of  the  anterior  lobe ;  ten  with  lesion 

the  posterior  lobe,  or  of  the  optic  thalamus;  and  two  with  lesion 

the  middle  lobe.*  Hence  it  is  plain  that  a  diseased  state  of  the 
rpas  striatum  is  as  apt  to  induce  paralysis  of  the  upper  extremity, 
lenon  of  the  thalamus ;  and  we  are  forced  to  conclude,  that  patho- 
^al  anatomy  is  not  competent  to  decide  the  question.  Lastly,  the 
atomy  of  these  two  bodies  renders  it  highly  improbable  that  they 
rfbrm  a  function  so  similar,  as  that  of  directing  the  movements  of 
rticalar  limbs.     The  great  size  of  the  optic  thalamus,  its  multitude 

fibrous  radiations,  its  extensive  connections  both  in  the  medulla 
loogata  and  in  the  hemispheres  by  means  of  commissural  fibres, 

Che.  Med.  t.  v. 
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the  marked  difierence  of  its  structure  from  that  of  the  oorpui  itriitM, 
its  connection  more  with  the  posterior  horns  of  the  spinal  graj  nutter 
than  with  the  anterior  ones,  and  its  intimate  relation  to  nerftt  tf 
sensation,  are,  in  our  judgment,  suflScient  anatomical  Acts  to  wanat 
the  opinion  that  the  thalami  must  perform  a  function  which,  althoi||k 
it  may  be  subservient  to,  or  associated  with,  that  of  the  striated  M> 
dies,  is  yet  entirely  dissimilar  in  kind.  « 

'  It  has  been  supposed  that  the  corpora  striata  are  special  centrei  ff 
ganglia  to  the  olfactory  nerves,  and  to  the  sense  of  smell.  Botnd 
a  supposition  is  altogether  superfluous,  inasmuch  as  a  veiy  diitiMt 
and  obvious  centre  to  these  nerves  exists  in  the  olfactory  proccar 
lobe,  miscalled  nerve  by  descriptive  anatomists.  The  small  oUadMf 
nerves  are  implanted  in  the  anterior  extremity  or  bulb  of  thisfriK 
cess,  which  is  provided  with  all  the  structural  characters  of  a  ncrvM 
centre,  and  contains  a  ventricle.  This  lobe,  moreover,  is  tlwqi 
developed  in  the  direct  ratio  of  the  size  and  number  of  the  olfiM^ 
nerves,  and  of  the  development  of  the  sense  of  smell ;  and  ii  tke 
Cetacea,  a  class  in  which  the  olfactory  nerves  and  process  either di 
not  exist  at  all,  or  are  so  imperfectly  developed  as  to  have  eseppl 
the  notice  of  some  of  the  ablest  anatomists,  the  corpora  striata  ue 
of  good  size  proportionally  to  that  of  the  entire  brain. 

Corpora  quadrigemina. — The  marked  connection  of  these  gsii|^ 
form  bodies  with  the  optic  nerves  plainly  indicates  that  they  bctf 
some  special  relation  to  those  nerves,  and  to  the  sense  of  vision ;  ul 
this  indication  becomes  more  certain  when  we  learn,  from  compin- 
tive  anatomy,  that  in  all  vertebrate  tribes  in  which  the  encephakm  ii 
developed,  special  lobes  exist,  bearing  a  similar  relation  to  tbeoplic 
nerves  (pp.  249-50).    When  the  optic  nerves  are  large,  these  lobes  trc 
large;  and  in  the  pleuronecta,  in  which  the  eyes  are  of  unequal  liKi 
Gottsche  states  that  the  optic  lobes  are  unequal.     Still,  as  Serresbtt 
remarked,  the  quadrigeminal  tubercles  probably  perform  some  other 
office  besides  that  which  refers  to  vision ;  inasmuch  as  the  absence, 
or  extremely  diminutive  size,  of  the  optic  nerves  in  some  animali 
(the  mole,  for  instance),  does  not  materially  affect  that  of  these  bo- 
dies.    {Cyclop.  Anat,^  art.  Optic  nerves.) 

Flourens  found  that  destruction  of  either  of  these  tubercles  on  one 
side  was  followed  by  loss  of  sight  of  the  opposite  side,  and  con8^ 
quently  that  the  removal  of  both  deprived  the  animal  altogether  of 
the  power  of  vision,  but  did  not  affect  its  locomotive  or  intellectoal 
powers,  nor  its  sensibility,  except  to  light.  In  these  experiments  the 
action  of  the  iris  was  not  impaired  if  the  tubercles  were  only  par- 
tially removed  ;  as  long  as  any  portion  of  the  roots  of  the  optic 
nerves  remained  uninjured,  the  iris  continued  to  respond  to  the  stimu- 
lus of  light,  but  the  total  removal  of  the  tubercles  paralyzed  the  irides. 
If  the  lobes  of  the  brain  and  cerebellum  were  removed,  leaving  the 
tubercles  untouched,  the  irides  would  continue  to  contract.  These 
experiments  leave  no  room  to  doubt  that  the  optic  tubercles  are  the 
encephalic  recipients  of  the  impressions  necessary  to  vision,  which 
doubtless  are  simultaneously  felt  by  m^ans  of  the  optic  thalami ;  and 
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hey  are  the  centres  of  those  idovetQents  of  the  iris  which  con- 
e  largely  not  only  to  protect  the  retina,  but  likewise  to  increase 
erfection  of  vision.  The  optic  nerve  is  at  once  the  nerve  of 
1,  and  the  excitor  of  motor  impulses  which  arc  conveyed  to  the 
J  the  third  nerve,  which  takes  its  origin  very  near  to  the  optic 
cles.  It  is  interesting  to  add,  that  irritation  of  an  optic  tubercle 
le  tide  causes  contraction  of  both  irides: — this  is  quite  in  accord- 
with  the  well-established  fact,  that,  if  light  be  admitted  to  one 
0  as  to  cause  contraction  of  its  pupil,. the  other  pupil  will  con- 
at  the  same  time.  So  simultaneous  is  the  action  of  the  two 
es ;  so  rapid  must  be  the  transmission  of  the  stimulus  from  one 
0  the  other. 

ben  the  injuries  inflicted  on  these  tubercles  were  deep,  more  or 
2[eneral  convulsive  movements  were  produced  ;  if  one  tubercle 
injured,  the  opposite  side  only  was  so  aJBTected.  These  con- 
)DS  were  due  to  the  lesion  of  the  central  parts  of  the  medulla 
gata,  with  which  the  optic  tubercles  are  intimately  connected, 
larkable  vertiginous  movement  was  likewise  caused,  the  animal 
g  to  the  side  from  which  the  tubercle  had  been  removed.  It 
lot  appear  that  this  rotation  could  be  attributed  to  any  special 
ice  of  the  medulla  oblongata,  but  rather  to  a  state  of  vertigo 
id  by  the  partial  destruction  of  vision  ;  for  Flourens  found  that 
ne  effects  could  be  produced  in  pigeons  by  blindfolding  one 
The  movements,  however,  were  not  so  rapid,  nor  did  they 
ae  so  long.  And  Longet  saw  the  same  movements  in  pigeons 
ch  he  had  evacuated  the  humours  of  one  eye.* 
lay  be  remarked,  that  deep  injuries  to  the  quadrigeminal  tuber- 
e  very  likely  to  affect  the  only  commissural  connection  between 
rebrum  and  cerebellum  {processus  cerebelli  ad  testes)^  th.e  in- 
of  which  must  doubtless  be  essentially  necessary  to  ensure 
By  of  action  between  these  two  great  nervous  centres. 
re  are  many  instances  on  record  in  which  blindness  was  coin- 
with  pathological  alteration  of  structure  in  one  or  both  quadri- 
il  tubercles.  In  some  of  the  cases  where  the  lesion  extended 
s  seated  beneath  the  tubercles,  disturbed  movements  were  ob- 
,  as  in  the  experiments  above  related. 

are  ignorant  of  the  object  of  the  extensive  connections  of  the 
racts  with  the  tuber  cinereuro,  the  crura  cerebri,  and  the  cor- 
eniculata;  .but  these  points  are  highly  worthy  of  future  inquiry, 
illy  with  reference  to  the  office  of  these  last-named  bodies, 
is  at  present  involved  in  much  obscurity.  Many  of  the  fibres 
optic  tracts  are  undoubtedly  commissural  between  the  corre- 
ng  points  of  opposite  sides,  and  exist  when  those  which  form 
\c  nerves  are  deficient. 

see,  then,  in  the  quadrigeminal  tubercles,  centres,  which, 
rer  other  functions  they  may  perform,  have  a  sufficiently  ob- 
relation  to  the  optic  nerves,  the  eye,  and*  the  sense  of  vision. 

rens'  experiments  have  been  amply  confirmed  by  those  of  Hertwig  and 
21 


INNERVATION. 

This  is  clearly  intlicaled  by  anatomical  facts,  by  the  results 
meni,  and  by  the  phennmtna  of  disease.  These  bodi 
fore,  be  juslly  reckoned  as  special  ganglia  of  vision  ;  am 
to  seek  for  similar  centres  in  connection  with  the  other  S' 
olfiictory  processes  seem  very  probably  to  perform  a  similar  offiaii 
reference  to  (he  sense  of  smell.  Their  structure,  their  relation  tollK 
olfactory  nerves,  and  their  direct  proportion  of  bulk  to  that  of  lliew 
nerves,  and  lo  the  development  of  the  olfactory  apparatus,  pli« 
this  question  beyond  all  doubt.  It  is  not  so  easy  to  determint  tla 
special  ganglia  of  hearing;  but  the  olivary  bodies,  or  ihe  «n!l 
lobules  connected  with  the  crura  cerebetli,  called  by  Reil  tht  JMa, 
may  be  referred  to  as  bearing  a  sufficient  close  analomical  relationto 
Ihe  auditory  nerve  to  justify  our  regarding  either  of  Iheoi  as  well  ot 
culaled  to  perform  this  function.  And,  with  respect  o  toinili,lle 
ganglia  on  the  posterior  roots  of  the  spinal  anil  the  fifth  nerre<  Wj 
perhaps  be  considered  in  Ihe  same  light ;  for  this  sense  being  JiffusH 
so  universally,  in  various  degrees,  over  the  whole  surface  of  (it 
body,  and  being  seated  in  a  great  number  of  different  nerves,  wnild 
need  ganglia  in  connection  with  all  those  nerves  which  ace  adafui 
to  the  reception  of  tactile  impressions.  The  analogous  sense  of  tiiU 
has  its  ganglia  in  those  of  the  glosso-pharyngeal  and  the  litlh.* 

The  upper  and  posterior  part  of  the  mesocepbale  has  already  bM 
referred  to,  as  being  most  probably  that  part  of  the  brain  whicfalf 
most  directly  influenced  by  emotional  excitement.  Dr.  Carpenlti 
appears  to  localize  the  seat  of  emotional  influence  more  speciallyii 
the  corpora  quadrigeraina,  and  refers  to  certain  fibres,  which  be  cob* 
siders  terminate  in  those  bodies,  as  channels  of  emotional  impulsti' 
Although  we  cannot  agree  with  this  able  writer  in  this  limiiatioBoC 
the  centre  of  emotion  (so  to  speak),  nor  in  Ihe  existence  of  a  diadset 
series  of  fibres  for  emotional  acts,  we  think  the  arguments  he  ad- 
vances are  most  applicable  to  that  view  which  refers  the  ioflovoct  o( 
emotion  to  the  gray  matter  of  this  entire  region,  which  8  brougtit 
into  connection  with  the  spinal  cord  by  the  fibres  of  the  anlcnot  1 
pyramids,  as  well  as  probably  through  the  continuity  of  the  olirai;  I 
columns  and  the  posterior  horns  of  the  .spinal  gray  matter. 

Every  one  has  experienced  in  his  own  person  how  the  emotionsol 
the  mind,  whether  excited  by  a  passing  thought,  or  through  the  en- 
ternal  senses,  may  occasion  not  only  involuntary  movements,  but 
subjective  sensations.  The  thrill  which  is  felt  Ihroughout  the  eatin 
frame  when  a  feeling  of  horror  or  of  joy  is  excited,  or  the  involuo- 
tary  shudder  which  the  idea  of  imminent  danger  or  of  some  seriau 
haeard  gives  rise  to,  are  phenomena  of  sensation  and  motion  excited 
by  emotion.     The  nerves  which  lake  their  origin  from  the  medoBi 

•  ti  may  bo  nresd  aRainst  Ihis  cdnjecmre  respeciing  the  fSpclioBB  of  tht  gaogli* 
or  Ihe  spinal  nerves  and  ihe  Gnh,  (hal  Ihe  analncy  between  Iheie  boilieii  *iid  ibe 
quadrigeminal  tubercte"!  is  incomplete,  inn'mnch  as  ihe  opiJc  ncrres  «r»  prohtUf 
imphmttd  in  the  laiier.  bin  Ihe  nerves  of  much  merely  pan  lltrvagh  the  formetw  fl*b 

in  iralh,  we  know  so  liiTle  of  ihe  pn^iiivp  rel.iiicin  of  the  nr -  ■"■'- 

gatiElin,  that  no  arRameol,  either  Tur  or  against  ihe  above  v 
itnperrect  inrarinaiioD, 
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oblongata,  mesocephale,  or  crura  cerebri,  are  especially  apt  to  be 
iftcted  by  emotioos.  The  choking  sensation  which  accompanies 
grief  is  entirely  referable  to  the  pharyngeal  branches  of  the  glosso- 

ftryngeal  and  yagi  nerres,  which  come  from  the  olivary  columns. 
I  flow  of  tears  which  the  sudden  occurrence  of  joy  or  sorrow  is 
Wfk  to  induce  may  be  attributed  to  the  influence  of  the  fifth  nerve, 
which  is  also  implanted  in  the  olivary  columns,  upon  the  Iachr}'mal 
g^d ;  or  of  the  fourth  nerve,  which  anastomoses  with  the  lachrymal 
bnach  of  the  fifth.  The  more  violent  expressions  of  grief,  sobbing, 
OTiiig,  denote  an  excited  state  of  the  whole  centre  ojf  emotion,  in- 
volving all  the  nerves  which  have  connection  with  it,  the  portio  dura, 
the  fifth,  the  vagus,  and  glosso-pharyngeal ;  and  even  the  respiratory 
nerves,  which  take  their  origin  from  the  spinal  cord,  as  the  phrenic, 
^al  accessory,  &c.  And  laughter,  ^'holding  both  his  sides," 
causes  an  analogous  excitation  of  the  same  parts  of  the 'central  organ 
and  of  the  same  nerves.  The  very  different  eflect  produced  by  the 
ndtement  of  the  same  parts  must  be  attributed  to  the  difierent 
nature  of  the  mental  stimulus. 

As  the  passing  thought — the  change  wrought  during  the  exercise 
of  the  intellect — may  excite  the  centre  of  emotion,  so  this  latter 
Mj  exert  its  influence  upon  the  general  tenor  of  the  mind,  and  give 
to  all  our  thoughts  the  tinge  of  mirth  or  sadness,  of  hope  or  despond- 
ency, as  one  or  the  other  may  prevail.  We  say  of  one  man,  that 
ke  is  constitutionally  morose ;  of  a  second,  that  he  is  naturally  gay 
jMNi  mirthful ;  and  of  a  third,  that  he  is  a  nervous  man,  and  that  he 
snot  likely  to  be  otherwise.  One  man  allows  his  feelings  to  hurry 
DB  on  to  actions  which  his  intellect  condemns;  whilst  another  has 
o  diflSculty  in  keeping  all  his  feelings  in  entire  subjection  to  his 
idgment.  "  Of  two  individuals  with  diflerently  constituted  minds," 
miarks  Dr.  Carpenter, '''one  shall  judge  of  everything  through  the 
ledium  of  a  gloomy  morose  temper,  which,  like  a  darkened  glass, 
ipresents  to  his  judgment  the  whole  world  in  league  to  injure  him ; 
kI  all  his  determinations,  being  based  upon  this  erroneous  view, 
diibit  the  indications  of  it  in  his  actions,  which  are  themselves, 
svertbeless,  of  an  entirely  voluntary  character.  On  the  other  hand, 
person  of  a  cheerful,  benevolent  disposition,  looks  at  the  world 
oond  as  through  a  Claude* Lorraine  glass,  seeing  everything  in  its 
ig^test  and  sunniest  aspect,  and,  with  intellectual  faculties  pre- 
aely  similar  to  those  of  the  former  individual,  he  will  come  to  oppo- 
te  conclusions;  because  the  materials  which  form  the  basis  of  bis 
dgroent  are  submitted  to  it  in  a  very  different  form."  Such  ex- 
nples  abundantly  illustrate  the  important  share  which  the  emotions 
ke  in  the  formation  and  development  of  character,  and  how  all 
ings  presented  to  the  mind  through  the  senses  may  take  their  hue 
im  the  prevailing  state  of  the  feelings.  If  a  certain  part  of  the 
ain  be  associated  with  emotion,  it  is  plain  that  that  part  must  be  in 
timate  connection  with  the  seat  of  change  in  the  operations  of  the 
tellect,  in  order  that  each  may  affect  the  other ;  that  the  former 
ly  prompt  the  latter,  or  the  latter  excite  or  bold  in  check  the 
rmer.     And  this  association  of  the  emotions  with  a  certain  portion 


Knervation. 

Foi"  ihe  brain  explains  llie  influence  of  natural  lemperameni,  and  ol 
7  varjing  stales  of  the  physical  heallli,  upon  ihe  moral  and  intellMtul 
I  ■Contlilion  of  individuals.  We  may  gather  from  it  how  necessvjil 
1  Is  to  a  well-regulated  mind  ihat  we  should  attend  not  to  mentsl  cul- 
I  ■ture  only,  but  lo  the  vigour  and  health  of  Ihe  body  also;  Ibaitt 
f  ensure  the  full  devebpmeni  of  the  mens  Sana  we  must  secure  (tx 
I  possession  of  the  coi-j>us  sanuni. 

Certain  diseases  are  evidently  associated  with  disturbed  or  excittd 
I  istales  of  emotion.  In  such  cases,  the  nerves  most  affected  are  itiMt 
I  Connected  with  the  mesocephale  and  medulla  oblongata,  denotingm 
r  excited  state  of  (hose  portions  of  ihe  encephalon.  Of  ihese  dlKim 
Lihe  most  remarl<able  are  hysteria  and  chorea-,  both  of  which  mi) Ik 
L  induced  either  by  a  cause  acting  primarily  upon  the  mind,  or  bi 
I  ^nctional  disturbance  of  ihe  body,  as  deranged  assimilation,  in  ftt- 
"wns  of  a  certain  character  of  conslilulion.  In  hysteria,  Ihe  globu, 
l.^fae  tendency  to  cry  or  laugh,  the  disturbed  breathing,  the  variouilf 
i^eranged  state  of  the  respiratory  acts,  all  denote  affection  of  moit.if 
1  not  nil,  the  nerves  coming  IVnm  those  segments.  In  chorea  tin 
[  frequent  movements  of  the  face  and  eyes,  the  peculiar  and  itrj 
\  ebaracteristie  mode  of  protruding  the  tongue,  the  impaired  powfrm 
k'Brticulalion,  are  dependent  on  an  altered  slate  of  that  part  in  'n^bicb 
kllhe  portio  dura  of  the  seventh  pair,  the  thini,  fourth,  and  sixth,  JitJ 
l^e  ninth  nerves  are  implanted.  In  both  diseases  Ihe  principji 
I 'central  disturbance  is  in  the  mesocephale;  and  thai  may  be  caustil 
I  either  by  the  direct  JnHuence  of  the  mind  upon  it,  or  by  ihe  proplg^ 
t  Kion  of  a  state  of  irrilalion  to  it  from  some  pait  of  Ihe  peripherj. 
I  "Chorea,  even  of  the  most  violent  and  general  kind,  is  very  o 
Blaonly  produced  by  sudden  fright;  and   it  is  well  known  hof^ 

fuently  mental  anxiety   or  excitement  develops   (he   paron 
ysteria. 
'      There  is  no  part  of  the  cerebro-spinal  centre  which  appewV 
I, -exercise  such  extensive  sway  over  Ihe  movements  and  sensalioD)  "^ 
1  Ihe  body  as  this  portion,  the  mesocephale,  which  we  regard  as  lb* 
I -centre  of  emotional  actions.     Its  influence  extends  upwards  lolbe 
r  cerebral  convolutions — backwards  lo  the  cerebellum — downwanli  W 
J  ^11  the  nerves  of  sensation  and  motion.     Through  its  connection  wilb 
f  fbe  posterior  horns  of  ihe  spinal  gray  mailer,  it  can  exeile  the  sewi* 
I  "live  as  well  as  the  motor  nerves  of  the  trunk.     Hence  it  is  not  to  ht 
L-tsondered  at  that  a  hij^hly  disturbed  state  of  this  centre  is  capaWof 
]L -deranging  all  the  sensitive  as  well  as  motor  phenomena  of  the  body, 
p'ftnd   even    Ihe   intellect.     Hence   we  may  explain  the  extra ordiniiy 
movements  in  hydrophobia  and  general  chorea,  in  both  of  which 
r'diseases  this  part  of  tlie  nervous  centre  is  doubtless  affected.     It  h" 
I  been  remarked  how  much  more  powerful  are  the  voluntwy 
I  tclions  when  prompted  by  some  strong  emoUon,  than  when  nciui 
\'on\y  by  an  effort  of  ihe  will.      Kage,  or  despair,  is  able  to  magnify 
■  the  power  of  the  muscles  to  an  incalculable  degree.     Thia  may  be 
due  to  the  increased  stimulus  derived  from  the  influence  of  the  cenW 
of  emotion  being  conjoined  with  lhat  of  Ihe  centre  of  volition. 
The  intimate  connection  of  ihe  olivary  columns  with  the  gnj" 


penpherj. 
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Matter  of  the  cord,  and  through  that  with  all  the  roots  of  the  spinal 
Mrres,  illustrates  the  power  of  emotional  changes  upon  the  organic 
processes.  How  often  does  the  state  of  the  feelings  influence  the 
qniDtity  and  quality  of  the  secretions,  no  doubt  through  the  power 
of  the  nerves  over  the  capillary  circulation!  Blushing  is  produced 
through  an  affection  of  the  mind,  acting  primarily  on  the  centre  of 
eiDOtion»  and  through  it  on  the  nerves,  which  are  distributed  to  the 
capillary  vessels  of  the  skin  of  the  face. 

The  sexual  passion  must  be  ranked  among  the  mental  emotions. 
like  them,  it  may  be  excited  and  ministered  to  by  a  certain  line  of 
ftottght,  or  by  particular  physical  states  of  the  sexual  organs.  It 
seems,  therefore,  more  correct  to  refer  this  emotion  to  the  common 
eentre  of  all,  than  to  a  special  organ — according  to  Gall's  theory ; 
and  it  may  be  remarked,  that  great  development  of  this  part  of  the 
Wain  is  just  as  likely  to  produce  great  width  of  cranium  in  the  occi- 
pital region  as  a  large  cerebellum. 

Of  (&s  functions  of  the  cerebellum, — All  anatomists  are  agreed  in 
adaitting,  in  the  whole  vertebrate  series,  (the  amphioxus  excepted,) 
the  existence  of  a  portion  of  the  encephalon  which  is  analogous,  to 
the  cerebellum.  This  extensive  existence  of  such  an  organ  indicates 
itimat  physiological  importance,  as  a  special  element  of  the  ence- 
I^ialon.  The  cerebellum  exhibits  much  difference  both  as  regards 
lixe  and  complexity  of  structure  in  the  different  classes;  and  al- 
though, upon  the  whole,  it  increases  in  its  development  in  the  same 
ntio  as  the  hemispheric  lobes,  it  exhibits  no  constant  relation  of  size 
lo  those  parts. 

The  large  size  and  complicated  structure  of  this  organ  in  the 

hig^r  vertebrate  animals,  and  its  distinctness  from  the  other  parts  of 

the  brain, — for  its  commissural  connections  are  not  extensive, — have 

ttcited  the  interest  and  curiosity  of  speculative  physiologists;  and, 

'^^^i'^glyf  "^c  find  no  part  respecting  which  a  greater  variety  of 

lijpotheses  have  been  suggested,  most  of  them  being  entirely  devoid 

of  foundation.     The  experiments  of  Flourens  have,  however,  thrown 

More  light  on  this  subject  than  any  previous  observations ;  and  his 

kjpothesis  appears  to  us  nearer  the  truth  than  any  which  has  been 

proposed.     We  shall  content  ourselves  with  examining  this  theory, 

u  well  as  that  of  Gall,  which  assigns  the  cerebellum  as  the  organ  of 

Che  sexual  instinct. 

The  facility  with  which  the  cerebellum  may  be  removed  or  in- 
ured, especially  in  birds,  without  involving  the  other  segments  of 
he  brain,  renders  it  a  much  more  favourable  object  for  direct  expe- 
iment  than  them.  A  skilful  operator  may  remove  the  greater  part 
T  the  whole  of  the  cerebellum  without  inflicting  any  injury  on  the 
lemispheres  or  other  parts. 

Flourens  removed  the  cerebellum  from  pigeons  by  successive  slices. 
>oring  the  removal  of  the  superficial  layers  there  appeared  only  a 
light  feebleness  and  want  of  harmony  in  the  movements,  without 
ny  expression  of  pain.  On  reaching  the  middle  layers  an  almost 
mversal  agitation  was  manifested,  without  any  sign  of  convulsion : 
be  animal  performed  rapid  and  ill-regulated  ipovements;  it  could 
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hear  and  see.  After  the  removal  of  the  deepest  layers,  the  animd 
lost  completely  the  power  of  standing,  walking,  leapiog,  or  %in^- 
The  power  had  heen  injured  by  the  previous  mutilations,  but  now  B 
vas  completely  gone.  When  placed  upon  his  back,  be  was  unablt 
to  rise.  He  did  not,  however,  remain  quiet  and  molioalen,  u 
pigeons  deprived  of  the  cerebral  hemispheres  do;  but  evinced  » 
incessant  restlessness,  and  an  inability  to  accomplish  any  regular  or 
definite  movement.  He  could  see  the  instrument  raised  to  Uirettta 
him  with  a  blow,  and  would  make  a  thousand  contortions  to  avoid  it, 
but  did  not  escape.  Volition  and  sensation  remained  ;  the  powerof 
executing  movements  remained ;  but  that  of  co-ordinating  these  noTfr 
ments  into  regular  and  combined  actions  was  lost. 

Animals  deprived  of  the  cerebellum  are  in  a  condition  very  sinibr 
to  that  of  a  drunken  man,  so  far  as  relates  to  their  power  of  locoiH> 
tion.  They  are  unable  to  produce  that  combination  of  actios  li 
different  sets  of  muscles  which  is  necessary  to  enable  them  to  assuiH 
or  maintain  any  attitudes.  They  cannot  stand  still  for  a  raomenl; 
and,  in  attempting  to  walk,  their  gait  is  unsteady,  they  totter  frM 
side  to  side,  and  tbeir  progress  is  interrupted  by  frequent  falls.  Tbt 
fruitless  attempts  which  they  make  to  stand  or  walk  is  sufficient  prool 
that  a  certain  degree  of  intelligence  remains,  and  that  voluatuj 
power  continues  to  be  enjoyed. 

Rolando  had,  previously  to  Flnurens,  observed  efTecls  of  a  siailir 
nature  consequent  upon  mutilation  of  the  cerebellum.  In  none  of 
his  experiments  was  sensibility  affected.  The  animal  could  see,  but 
was  unable  to  execute  any  of  the  movements  necessary  for  loco- 
motion. 

Flourens'  experiments  have  been  coniirmed  by  those  of  Hertvig 
in  every  particular,  and  they  have  been  lately  repeated  with  aimilir 
results  by  Budge  and  by  Longel.  The  removal  of  part  of  the  cert- 
bellum  appears  capable  of  producing  the  same  vertiginous  affi:clioa 
which  has  been  already  noticed  in  the  case  of  deep  injuries  to  the 
mesocephale.  After  the  well-known  experiments  of  Magendie,  of 
dividing  either  crus  cerebelli,  the  animal  was  seen  to  roll  over  on  its 
long  axis  towards  the  side  on  which  the  injury  was  inflicted. 

The  effects  of  injuries  to  the  cerebellum,  according  to  the  reports o( 
the  experimenters  above  referred  to,  contrast  in  a  very  striking  man- 
ner  with  those  of  the  much  more  severe  operation  of  removing  lb* 
cerebral  hemispheres.  "  Take  two  pigeons,"  says  M.  Longet ;  *'  from 
one  remove  completely  the  cerebral  lobes,  and  from  the  other  only 
half  the  cerebellum;  the  next  day,  the  first  will  be  firm  upon  hiJ 
feet,  the  second  will  exhibit  the  unsteady  and  uncertain  gait  of  drunk- 
enness." 

Experiment,  then,  appears  strikingly  to  favour  the  conclusion 
which  Flourens  has  drawn,  namely,  that  the  cerebellum  possesses 
the  power  of  co-ordinating  the  voluntary  movements  which  originate 
in  other  parts  of  the  cerebro-spinal  centre,  whether  these  movement* 
have  reference  to  locomotion  or  to  other  objects. 

That  this  power  is  mental,  i.  e.,  dependent  on  a  mental  operation 
for  its  excitation  and  exercise,  is  rendered  probable  from  the  expc 
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ienee  of  our  own  sensations,  and  from  the  fact  that  the  perfection  of 
:  requires  practice.  The  voluntary  movements  of  a  new-born  infant, 
Ithough  perfectly  controllable  by  the  will,  are  far  from  being  co-ordi- 
lale:  tbev  nre,  on  the  contrary,  remarkable  for  their  vagueness  and 
rmnt  of  definition.  Yet  all  the  parts  of  the  cerebro-spinal  centre  are 
fell  developed,  except  the  cerebellum  and  the  convolutions  of  the 
serebram.  Now,  the  power  of  co-ordination  improves  earlier  and 
Bore  rapidly  than  the  intellectual  faculties;  and  we  find,  in  accord- 
LDce  with  Flou'rens'  theory^  that  the  cerebellum  reiiches  its  perfect 
levelopment  of  form  and  structure  at  a  much  earlier  period  than  the 
lemispberes  of  the  cerebrum. 

It  may.  be  stated  as  favourable  to  this  view  of  the  mental  nature 
if  the  power  by  which  voluntary  movements  are  co-ordinated,  that, 
a  the  first  moments  of  life,  provision  is  made  for  the  perfect  per- 
Ibrmance  of  all  those  acts  which  are  of  the  physical  kind^  *  Thus, 
respiration  and  deglutition  are  as  perfect  in  the  new-born  infant  as 
in  the  full-grown  man ;  and  the  excitability  of  the  nervous  centres  to 
physical  impressions  is  much  greater  at  the  early  age,  partly  perhaps 
10  consequence  of  the  little  interference  which  is  received  at  that 
period  from  the  will. 

That  the  cerebellum  is  an  organ  favourably  disposed  for  regulating 
ind  co-ordinating  all  the  voluntary  movements  of  the  frame,  is  very 
ipparent  from  anatomical  facts.  No  other  part  of  the  encephalon 
^  such  extensive  connections  with  the  cerebro-spinal  axis.  It  is 
ronnected  slightly  indeed  with  the  hemispheres  of  the  brain,  but 
nost  extensively  with  the  mesocephale,  the  medulla  oblongata,  and 
lie  spinal  cord.  Now  it  is  not  unworthy  of  notice  that  its  connection 
vith  the  brain  proper  is  more  immediately  with  that  part  which  we 
«gard  as  the  centre  of  sensation ;  namely,  with  the  optic  thalami, 
lirottgh  the  processus  cerebelli  ad  testes.  And  it  cannot  be  doubted 
liat  the  muscular  sensie  materially  assists  in  the  co-ordination  of 
Bovcments. 

Hie  cerebellum  is  connected  with  the  medulla  oblongata  and 
(pinal  cord  by  the  restiform  bodies,  and  the  posterior  columns  of 
be  cord,  and  with  the  mesocephale  by  the  fibres  of  the  pons.  Thus 
his  organ  is  brought  into  union  with  each  segment  of  the  great  nerv- 
ras  centre,  upon  which  all  the  movements  and  sensations  of  the 
xidy  depend.  Ft  would  be  difficult  to  conceive  any  other  function 
or  which  so  elaborate  a  provision  would  be  necessary,  excepting 
hat  of  regulating  and  co-ordinating  the  infinitely  complex  move- 
Dents  which  the  muscular  system  is  capable  of  eflecting;  more  espe- 
cially when  it  is  plain  that  the  antero-lateral  columns  of  the  cord  and 
he  anterior  pyramids  and  olivary  columns  supply  all  the  anatomical 
conditions  which  may  be  necessary  for  the  development  of  acts  of 
lensatton  and  volition. 

So  far,  then,  we  derive  from  experiment  and  from  anatomy  argu- 
nents  highly  favourable  to  Flourens'  theory  of  the  use  of  the  cere* 
lellum.  The  results  of  pathological  inquiry  afford  no  satisfactory 
nformation  on  this  point;  for  so  closely  connected  are  the  transverse 
ibres  of  the  pons  with  the  anterior  pyramids  in  the  mesocephale,  that 
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the  morbid  inHuence  of  any  deep-sealed  lesion  of  eithi 
of  the  cerebellum  is  very  readily  (ransferred  lo  that  segment,  snii 
produces  symptoms  precisely  resembling  those  of  lesion  of  eiitier 
cerebral  hemisphere.  The  signs  referable  to  cerebellar  lesion  sn 
therefore  obscured  by  those  which  result  from  (he  affection  of  tbe 
pyramidal  bodies.  A  few  cases,  however,  have  been  put  on  recowl 
in  which  a  tottering  gait,  like  that  of  a  drunken  man,  and  a  defectirt 
power  of  co-ordination  existed  in  connection  with  a  diseased  slsteof 
cerebellum.    {Jndral,  Clin.  Med.,  t.  v.  p.  428.) 

It  remains  for  us  to  notice  the  celebrated  th«ory  of  Gall,  tbatlbe 
instinct  of  propagation  has  its  seal  in  the  cerebellum  ;  which,  indeed, 
according  to  the  author  of  the  theory,  and  the  majority  of  liis  followen 
of  the  phrenological  school,  is  exclusively  devoted  to  that  function, 
We  conceive  (hat  this  view  is  far  from  admissible,  on  several  groandi, 
of  which  the  following  deserve  particular  mention. 

1.  It  is  extremely  questionable  how  far  the  sexual  instinct  admiti 
of  being  separated  from  the  emotions — from  those  especially  whirl 
are  clearly  instinctive  in  their  nature  j  and,  even  if  it  were  sepsrablt 
from  ihem,  it  seems  scarcely  of  such  importance,  when  coropawJ 
wilh  the  other  instincts,  as  to  need  a  separate  organ  of  great  magni- 
tude and  of  complex  structure.  If  we  compare  it,  for  example,  stili 
the  instinct  of  self-preservation,  as  manifested  in  providing  eithttftt 
tbe  wants  of  the  body,  or  for  defence  against  assault,  it  ecrtainlj  cw- 
not  be  admitted  to  have  a  superior  influence  in  the  animal  econonj 
to  Ibis  the  most  pressing  of  all.  Yet  it  is  not  pretended  to  asiigoi 
separate  seat  even  to  this. 

2.  The  nature  of  the  genef'ative  instinct  is  scarcely  such  as  lo  f « 
quire  in  its  central  organ  connections  so  extensive  as  (hose  possi 
by  (he  cerebellum.     It   is  not  likely  that  this  organ  would  be 
necled  with  any  other  part  of  the  spinal  cord  ihan  that  from  whiek 

'  nerves  are  derived  (o  the  organs  of  generation;  nor  is  it  conceivafah 
that  an  instinct  like  this  should  require  fur  ils  exercise  fibrous  matttr 
in  such  large  quantity  as  exists  in  the  cerebellum,  taking  ils  rise  froa) 
so  great  a  surface  of  vesicular  matter. 

3.  The  generalive  instinct  is  not  so  pre-eminently  dcvelopeJ  i" 
man  as  to  account  for  the  great  superiority  in  size,  as  well  asitnic- 
lure,  of  the  human  cerebellum  over  that  of  the  lower  animals,  etfB 
of  the  mammiferous  class.  On  the  contrary,  it  may  be  safely  asseiied 
that  this  instinct  is  much  more  powerful  in  the  monkeys,  and  also  ia 
the  frogs;  in  the  latter  of  which  (he  cerebellum  is  absolutely  vet; 
small,  and  especially  so,  relatively  to  the  spinal  cord  and  the  cerebral 
lobes. 

4.  If  the  cerebellum  be  the  seat  of  (he  generative  instinct,  it  ouett 
to  exhibit  marked  indications  of  wasting,  in  cases  where  (he  genital 
organs  have  been  mutilated  ;  or  where  they  have  decayed  in  the 
natural  progress  of  age.  Yet  the  recorded  cases  of  this  nature  are 
by  no  means  conclusive;  on  the  con(rary,  M.  Leuret's  irrmatlcable 
observations  show,  (hat,  in  (he  gelding,  the  cerebellum  is  aotuiUf 
heavier  (han  in  either  the  stallion  or  the  mare. 

5.  It  does  not  appear,  from  pathological  research,  (hat  tbe 
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n  has  any  peculiar  influeDce  upon  the  genital  organs.  Injury  or 
lease  of  that  organ  very  rarely  produces  any  efTect  upon  the  penis; 
It  lesioB  of  the  medulla  oblongata  or  of  the  spinal  cord  is  very  apt 

occasion  a  semi-erection  of  that  organ. 

€>f  the  Convolutums  of  the  brain. — These,  vrith  the  fibrous  matter 
hich  connects  them  with  the  optic  thalami  and  corpora  striata,  form 
f  far  the  largest  portion  of  the  ehcephalon ;  and  this  fact  alone 
aght  to  stamp  them  with  great  physiological  importance.  The  com- 
lexity  of  the  convolutions  in  the  apimal  scale  is  in  the  direct  ratio 
f  the  advance  of  intelligence.  It  must  be  remarked,  however,  that 
lie  weight  of  the  brain,  whether  absolute,  or  in  relation  to  the  body, 
flbrds  no  criterion,  or  at  best  an  imperfect  one,  of  the  extent  of 
Ih^  convoluted  surfece.  Highly  complicated  convolutions  may  exist 
loDg  with  a  brain  both  absolutely  and  relatively  small.  Thus  Leuret 
merts,  that  the  ferret,  which  has  several  well-marked  convolutions 
M  each  hemisphere,  has  a  brain  no  larger  than  that  of  the  squirrel, 
■hich  has  no  convolutions  at  all,  and  which  wants  even  the  few 
iwires  which  mark  their  first  development  iir  the  rabbit,  the  beaver, 
1m  agouti,  &c.  And  the  last-named  animals  have  the  brain  both 
ihsidately  and  relatively  larger  than  that  of  the  cat,  the  pole-cat,  the 
nsQSKtte,  the  unau,  the  sloth,  and  the  pangolin,  all  of  which  possess 
Boavolutions.  We  hence  learn  the  physiological  distinctness  of  these 
Mgans  from  the  more  deeply-seated  gangliform  bodies  of  the  brain, 
to  which  we  have  already  seen  that  separate  functions  may  be 
ungned. 

At  the  early  periods  of  human  life,  in  infancy  and  childhood,  the 
Danvolutions  of  the  brain  are  very  imperfectly  developed,  and  their 
JMrease  of  size  goes  on  simultaneously  with  the  advance  of  mental 
[lewer.  If  the  former  be  arrested,  or  if  some  congenital  fault  prevent 
:he  farther  growth  of  the  convolutions,  the  mental  powers  are  of  the 
owest  and  feeblest  kind,  but  little  above  those  of  the  brute  with 
nperfect  convolutions.  In  all  idiots  the  brain  is  not  only  small,  but 
tt  convoluted  surface  is  extremely  limited. 

We  remark  here  that  the  convoluted  form  must  be  regarded  no 
Iherwise  than  as  a  convenient  mode  of  packing,  which  affords  an 
idication  of  a  greater  or  less  superficial  extent  of  vesicular  matter, 
)r*in  cases  where  a  slow  and  gradual  accumulation  of  water  takes 
lace  within  the  ventricles  of  the  brain,  when  accompanied  with  cor- 
etponding  enlargement  of  the  cranium,  the  convolutions  become 
nfelded;  and  yet  the  intellect  may  remain  unimpaired,  at  least  so 
If  as  the  obvious  damage  to  the  quality  of  the  nervous  matter  in 
Dch  cases  will  allow. 

In  examining  the  brains  in  the  animal  series,  we  observe  a  pro- 
ressive  increase  in  the  complication  of  the  convolutions,  and  there- 
ire  in  the  extent  of  the  convoluted  surface,  as  we  pass  from  the 
iferior  to  the  higher  classes, — from  those  endowed  with*  but  feeble 
iteliigence  to  those  which  enjoy  sagacity,  docility,  and  memory. 
BStances  have  been  already  referred  to  of  animals  of  the  same  group, 
Itbough  of  diflerent  species,  having  brains  very  differently  developed 
I  regards  the  convoluted  surface.    In  the  animal  with  greater  mental 
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power,  tbe  convolulions  are  always  deeper  or  more  coraples  [rii  p, 
I  S66). 

I       If  a  similar  camparison  'were  instituted  between  tbe  brainstf  di 
lierent  men,  whose  intellectual  powers  had  been  known,  Ibeiecuk 
I  no  doubt  Ihat  a  similnr  result  would  be  obtained.     A  series  of  otfliK 
I  views  of  tbe  convolutions  of  ihe  brain  in  various  known  indiviilglb 
[  vould  be  of  ^reat  interest  and  advantage  in  reference  to  ihe  q 
1  of  tbeir  function. 
I      Thus  anatomy  leads  to  the  conclusion  that  tbe  operalionitf  Itl 
[■  mind  are  associated   with  the  convolulions.     Perception,  taeuij, 
I  tiie  power  of  abstraction,  imagination,  all  possess,  as  instraiMBtill 
['Corporeal  action,  these  folds  of  vesicular  and  fibrous  matter.   tlM 
r  pans,  in  the  language  of  Cuvier,  are  the  sole  receptacle  in  vbidlkl 
I  various  sensations  may  be  as  it  were  consummated,  and  becotoEpii- 
I  ^pUble  to  the  animal.     It  is  in  these  that  all  sensations  take  iiliiUitl 
[  form,  and   leave  lasting  traces  of  their  impression;  they  se 
[  seat  to  memory,  a  property  by  means  of  which  the  animal  u  furniM 
1  with  materials  for  his  judgments.' 
I       It  is  quite  established  as  ihe  result  of  all  the  experiments  upcnfti 
I  cerebral  convolutions  and  the  white  matter  of  tbe  centrum  ova]«,tbl 
I  leechanical   injury  to  them  occasions  no  pain,  nor  disturbance  of 
I  notion.     The  endowments  of  the  nerve-fibres  which  form  thi 
I  ^bstance  of  the  cerebral  convolutions  appear  to  be  quite  (titrUncl 
r  ftom   those  of  sensitive  or  motor   nerves.     They  are  interouiKiil 
I  between   parts  which  are    beyond  the   immediale   inHuence  of  tkt 
I  ordinary  physical  agents,  and  which  have  no  direct  connections  »idi 
r  muscular  organs.     And  if,  under  the  influence  of  morbid  irritation, 
^tbey  do  excite  pain  or  convulsion,  which  is  frequently  the  caw  it 
Kdisease  of  the  cerebral  meninges,  this  is  effected  through  a  chinp 
E|iroduced  in  the  corpora  striata  or  optic  thalami  propagated  to  tbt 
I  Origins  of  motor  and  sensitive  nerves. 

I  ,  The  recorded  experiments  upon  the  removal  of  the  bemispheruof 
I  tbe  brain  do  not  lead  to  any  satisfactory  conclusion,  as  in  all  of  UicA 
I  the  corpora  striata  and  thalami  have  been  removed  at  the  sametlisE. 
I  Bu!  it  may  be  here  stated,  that  the  effect  of  the  removal  of  the  hnti- 
I  spheres  in  Flourens'  experiments  was  to  throw  the  animal  into  s  slate 
I  sf  deep  sleep,  retaining  its  full  muscular  power,  yet  apparentl/ tR- 
I  capable  of  a  single  mental  nervous  action,  whether  voluotar;  oi 
I  ^nsitive. 

I  When  tbe  membranes  of  (he  brain  are  in  a  state  of  inflamiailioii, 
I  disturbance  of  the  mental  faculties  is  an  invariable  accompanimnt 
I  to  an  extent  proporlional  to  the  degree  of  cerebral  irritation,  ttnl 
L  more  especially  so  when  the  inHammation  is  sealed  in  the  pia  inaift 
I  of  the  convolutions.  This  disturbance  of  mind  is  freouenily  indicated 
I  br  the  manifestation  of  delirium  of  a  more  or  less  yiolent  kind.  It  i> 
L|>iiiin  that  in  such  a  case  the  delirium  arises  from  the  altered  stale  of 
K  ^e  circulation  in  the  gray  matter  of  the  convolutions,  Ihe  blood-w*- 
1  ^Is  of  which  are  immediately  derived  from  those  of  the  pia  naleriaa 

ttiat  the  one  cannot  be  aSeoted  without  the  other  Ulcewtse  8it|Mi||| 
■  Cuvier,  Rapport  »iir  la  mimoire  de  Flourens  sur  le  tyitdme  nerrei|^^^| 
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ay  be  stated,  as  a  fact  no  less  interesting  in  a  physiological 
lortant  in  a  practical  point  of  view,  that  in  many,  if  not  in 
ttances  of  violent  delirium,  such,  for  example,  as  deliritim 
the  vesicular  matter  of  the  convolutions  is  found  aAer  death 
oodless,  as  if  its  wonted  supply  of  blood  had  been  com- 
it  oflf  from  it.  Thus  it  happens  in  the  delirium  after  great 
8 — in  that  of  rheumatic  fever — and  perhaps  also  of  gout — 
at  which  occurs  in  the  more  advanced  stages  of  continued 

ira  from  the  most  trustworthy  reports  of  the  dissections  of 
r  of  lunatics,  that  there  is  invariably  found  more  or  less 
f  the  vesicular  surface,  and  of  the  pia  mater  and  arachnoid 
rtion  with  it,  denoted  by  opacity  or  thickening  of  the  latter, 
red  colour  or  consistence  of  the  former, 
bese  premises  it  may  be  laid  down  as  a  just  conclusion,  that 
>liitions  of  the  brain  are  the  centre  of  intelkctual  actionj  or, 
elly,  that  this  centre  consists  in  that  vast  sheet  of  vesicular 
hich  crowns  the  convoluted  surface  of  the  hemispheres. 
ice  is  connected  with  the  centres  of  volition  and  sensation 
striata  and  optic  thalami)^  and  is  capable  at  once  of  beinff 
jr,  or  of  exciting  them.  Every  idea  of  the  mind  is  associated 
•rresponding  change  in  some  part  or  parts  of  this  vesicular 
and,  as  local  changes  of  nutrition  in  the  expansions  of  the 

pure  sense  may  give  rise  to  subjective  sensations  of  vision 
ig,  so  derangements  of  nutrition  in  the  vesicular  matter  of 
ce  may  occasion  analogous  phenomena  of  thought,  the  rapid 
lent  of  ideas,  which,  being  ill-regulated  or  not  at  all  directed 
11,  assume  the  form  of  delirious  raving, 
ctions  of  the  convoluted  surface  of  the  brain,  and  of  the 
tinected  with  it,  are  altogether  of  the  mental  kind.  The 
changes  in  these  parts  give  rise  to  a  corresponding  mani- 
of  ideas ;  nor  is  it  likely  that  any  thought,  however  simple, 
impanied  by  change  in  this  centre.  The  shock  of  concus- 
r  checks  the  organic  changes  of  the  vesicular  surface,  and 
ilso  of  the  fibrous  matter,  as  to  interrupt  for  a  time  those 
ictions  of  the  mind  and  the  brain  which  are  necessary  for 
onsciousness.  The  condensation  of  the  substance  of  the 
res  which  is  produced  by  an  apoplectic  clot,  or  by  the  effu- 
ime  other  foreign  matter,  prevents  a  similar  consent  of  action, 
gives  rise  to  the  phenomena  of  camay  in  which  all  mental 
actions  are  destroyed  or  suspended.  Those  parts  of  the 
pinal  centre  on  which  the  physical  actions  depend,  being 
apletely  protected  from  compression,  do  not  suiTer  in  their 
,  and  consequently  actions  of  this  kind  remain  unimpaired, 
lew  of  the  function  of  the  convolutions  of  the  brain  has  been 
nearly  all  the  great  anatomists  who  have  directed  their 
ions  to  this  wonderful  organ.     Our  countryman,  Willis, 

advanced  this  opinion  in  the  seventeenth  century,  and 
?d  that  the  various  gyrations  were  intended  for  retaining  the 
lirits  ^^for  the  various  acts  of  imagination  and  memory'' 
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L '^thin  certain  limits.  The  dislinguished  Gall,  however, 
K-to  assign  certain  convolutions  as  the  seat  of  certain  facuiliei flf , 
T'^giind — moral  feelings,  or  inslinctire  propensities — and  upon 
['basis  raised  the  celebrated  theory  of  Phrenology,  which  hu' 
i  pursued  since  his  time  with  all  the  zeal  and  interest  nBturalljit 
I  mg  to  a  science  which  professes  from  external  signs  to  iletetti 
)  natural  tendencies  of  the  s|>irit  within. 

We  do  not  propose  to  discuss  the  validity  of  this  theory, 
eeras  to  have  been  taken  up  with  more  apparent  zeal  for  i 
\  than  love  of  truih.  But  we  sbatl  remark,  that,  in  coosideriE 
I  Iruth  or  falsehood  of  Phrenology,  it  is  absnlutely  necessary  loi 
the  metaphysical  question — as  to  the  existence  of  certain  fscul 
the  mind — from  what  has  been  admided  as  a  physiological  fJcl' 
I  the  foundation  of  the  phrenological  school,  that  the  veaicuUf" 
of  the  brain  is  the  prime  physical  agent  in  the  working  of  the? 
lecl.  A  physiologist  may  hold  the  validity  of  ihis  latler  d(  ' 
and  yet  think  as  we  do,  that  many  of  the  so-called  faculties 
phrenologists  are  but  phases  of  other  and  larger  powers  of  the 
and  ihat  the  psychologist  must  determine  what  are,  and  whatins^ 
-  fundamental  faculties  of  fhe  mind,  before  Ihe  physiologist  can  t«iM< 
to  assign  lo  each  ils  local  habitation.  The  empirical  method,  by  «tii4 
Gall  first  fixed  upon  certain  parts  of  (he  brain  as  the  acal  of  Mrtu 
faculties,  is  exposed  to  this  serious  fallacy,  lhat  a  part  on  the  Mift« 
of  the  brain  may  appear  largely  developed,  by  reason  of  Ihe  large  n» 
of  some  subjacent  or  neighbouring  part.  We  have  already  sbow 
tow  Ihis  may  be  Ihe  case  with  reference  to  the  cerebellum,  andthil 
ft  Ihick  neck  and  large  occipital  region  may,  and  probably  do,  ioJi- 
catc  a  large  mesocephale  more  freciuenlly  ihan  a  large  cerebeliut. 
At  the  same  lime  we  think  that  all  obseivalion,  both  in  man  »ai'ts 
(he  lower  animals,  proves  that  the  energy  of  any  nervous  ettia 
itlways  bears  a  direct  proportion  lo  its  bulk,  whether  absolute  H 
■  relative  ;  and  that  ihe  phrenologists  do  not  err  in  attaching  grealaB^ 
primary  importance  lo  the  size  of  those  parls  with  which  iheyaao- 
ciate  certain  faculiies:  while  the  attention  which  recent  wnteiiti 
that  school  have  paid  to  the  temperaments  of  the  inilividuaU  unte 
examination,  is  a  proof  of  their  admission  that  ihe  qitatity  of  At 
nervous  matter  constitviles  a  highly  importani  element  in  Ibe  develop 
inent  of  nervous  power." 

We  have  seen  that  the  convoluted  vesicular  surface,  and  Ihe  fibr« 
of  the  cenlrum  ovale,  are  the  seat  of  those  physical  changes  which 
accompany,  and  are  necessary  to,  intellectual  action.  \  large  naoi- 
ber  of  these  fibres  is  commissural,  but  the  greatest  proportion  of  ihra 
•erves  to  establish  a  communication  between  the  centre  of  intelleCo'l 
action,  and  the  centres  of  volition  and  sensation.  Through  the  con*  I 
nection  with  the  former  the  intellect  may  prompt  or  excite  the  witU  ' 
■nd  the  will,  on  ihe  other  hand,  may  control,  direct,  or  apply  lb' 
powers  of  the  inlellecl.     The  faculty  of  Attention,  and,  thereforf,  in 

•  Car(i«  has  laiely  propnunded  a  new  Cranioscopv,  founded  apun  ihe  tripin''* 
composiiian  of  ihe  craniam,  trhlch  bids  Tair  \o  rival  the  svsiem  of  Uall.    Oft  ■  l*^   . 
tnre  iu  Lond.  Med.  Ooesiip,  vol.  xxiiv.,  irinElaWd  b/  Dr.  Freond. 
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ain  degree,  the  power  of  Memory,  are  dependent  on  the  infiu- 
Df  the  centre  of  volition  upon  the  centre  of  intellectual  action, 
r  one  is  sensible  of  a  power  which  he  possesses  of  fixing  his 
ion  on  any  given  subject,  as  distinct  as  that  by  which  he  can 
Kt  any  particular  muscle.  Again,  the  association  of  the  intel- 
il  centre  with  that  of  sensation  is  necessary  to  ensure  the  full 
ption  of  sensitive  im^essions.  The  experience  of  each  indi* 
1  can  supply  him  with  numberless  instances  in  which,  while 
lind  was  employed  upon  some  other  object  of  interest,  an  itn- 

00  was  made  upon  some  one  of  the  organs  of  sense,  and  indis- 
y  ftUj  but  not  fully  perceived.-  When  the  mind  has  become 
gaged,  the  fact  that  an  impression  had  been  made  is  remembered, 
rat  any  ability  to  recollect  its  precise  nature.  And  in  many 
ics  the  centre  of  intellectual  action  is  so  impaired  as  to  destroy 
tatly  reduce  the  power  of  perception,  whilst  there  is  abundant 
mce  to  show  that  the  affections  of  the  organs  of  sense  still  make 
Ecient  impression'on  the  centre  of  sensation.  In  some  cases, 
ver,  this  centre  likewise  participates  in  the  general  hebetude, 
rfect  power  of  speech,  that  is,  of  expressing  our  thoughts  in 
lie  language,  depends  upon  the  due  relation  between  the  centre 
lition  and  that  of  intellectual  action.  The  latter  centre  may  have 
tower  to  frame  the  thought ;  but,  unless  it  can  prompt  the  will 
«rtain  mode  of  sustained  action,  the  organs  of  speech  cannot  be 
;ht  into  play.  A  loss  of  the  power  of  speech  is  frequently  a 
rsor  of  more  extensive  derangement  of  sensation  and  motion. 
me  cases  the  intellect  seems  clear,  but  the  patient  is  utterly 
s  to  express  his  thoughts ;  and  in  others  there  is  more  or  less  of 
il  confusion.     The  want  of  consent  between  the  centre  of  intel- 

1  action  and  of  volition,  is  equally  apparent  in  cases  of  this 
ption,  from  the  inability  of  the  patients  to  commit  their  thoughts 
iting: 

I  hemispheres  of  the  brain,  as  has  been  already  stated,  are 
ible  to  pain  from  mechanical  division  or  irritation  ;  in  wounds 
!  cranium  in  the  huiAan  subject,  pieces  of  the  brain  which  had 
ded  have  been  removed  without  the  knowledge  of  the  patient. 
Ibeless,  pain  is  felt  in  certain  lesions  of  the  brain,  even  when 
.  in  the  substance  of  the  hemispheres,  or  in  the  optic  thalami  or 
ra  striata.  This  results  from  the  morbid  state  aflfecting  other 
vrith  which  nerves  are  connected,  as  the  medulla  oblongata  ;  or 
ich  nerves  are  distributed,. as  the  membranes.  The  nearer  a 
ai  lesion  is  to  the  membranes  or  to  the  medulla  oblongata,  the 
likely  is  it  to  excite  pain.  Headaches,  of  whatever  nature,  must 
erred  to  irritation  either  at  their  centres  or  at  their  periphery,  of 
nerves  which  are  distributed  in  the  dura  mater,  or  in  the  scalp. 
iranches  of  the  fifth  pair,  of  the  occipital  nerve,  and  the  auricu- 
anch  of  the  cervical  plexus,  are  those  most  frequently  affected. 
lain  sensations  are  referred  to  the  head  which  may  occur  from 
rbid  state,  or  may  be  produced  by  changes  of  position  in  the 
Such  are,  vertigo,  a  sense  of  fullness,  or  of  a  weight  in  the 
a  feeling  of  a  tight  cord  round  the  head.     These  are,  no  doubt, 
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,  trnly  subjective,  arising  from  allerattons  in  the  distribationoiiiiiil 
quality  of  the  blood  sent  to  the  brain.  A  sensation  of  a  nishlifM 
blood  lo  the  head  is  often  consequent  upon  eseessive  hemoirlMiE 
accompanies  a  slate  of  extreme  debility  from  any  cause,  liiti 
owing  in  great  part  lo  (he  feeble  tone  of  the  arteries,  resisiin*' 
feclly  the  flow  of  blood  to  Ihe  head,  and  allowing  it  to  impfw' 
nervous  matter  loo  rouch.  It  is  well  known,  that,  by  tui 
quickly  on  one's  own  axis,  the  sense  of  verti<ro  may  be  produc! 
confused  feeling  in  the  head,  and  an  inability  to  maintain 
the  balance  of  the  body,  accompanied  by  an  appearance  as  il 
objects  were  revolving.  If  the  eyes  be  kept  shut,  the  uneasjfi 
of  the  head  will  take  place,  but  no  true  vertigo.  To  obtain  tlui 
ing  perfectly,  the  eyes  must  be  open,  and  objects  presented  lo 
And  Purkinje  has  shown  that  the  direction  in  which  exterasil 
appear  to  revolve  is  influenced  by  Ihe  position  of  the  body  anil 
head  while  turning  round,  and  by  the  position  of  it  afterwards, 
the  experimenter  ha.s  ceased  to  move  round.  If  the  exps  * 
■  have  kept  his  head  in  the  vertical  position  while  raovii 
afterwards  when  standing  slill,  the  objects  appear  lo  revolve 
borizonlal  direction.  If  the  head  be  held  with  the  occiput 
while  turning  round,  and  then  erect  when  standing  still,  Ui« 
ieem  to  rotate  in  a  vertical  plane,  like  a  wheel  placed 
■revolving  round  its  axis.  {MiiUer^s  Physiology,  by  Baly,  vol,i 
848.)  It  is  highly  probable  that  these  sensations,  as  well 
which  arise  spontaneously,  are  due  to  some  irregular  dislribi 
blood  to  various  parts  of  the  brain.  A  sense  of  giddiness  fr 
precedes  fainting,  and  is  attributable  to  the  temporary  defieii 
the  supply  of  blood  lo  the  head.  If  the  horizontal  position  be 
idialely  adopted,  or  ihe  body  be  laid  with  the  head  inclined  tlflwi- 
.■wards,  the  faint  may  be  prevented-  The  sense  of  giddiness  »hiA 
is  experienced  upon  rising  from  the  horizontal  position  after  illocni 
is  doubtless  of  Ihe  same  kind.  Anemic  patients  experience  Ihis  fil- 
ing of  giddiness  even  in  the  horizontal  posture; — and  both  it  andlbt 
headache  and  delirium,  which  accompany  this  stale  of  bloodlessnw, 

y  be  somewhat  relieved  by  placing  the  patient  on  sn  incliwd 
plane  with  the  head  downwards. 

The  mind  possesses  a  remarkable  power  of  exciling  and  of  eMlliBg 
^Hiinful  sensations  in  various  parts  of  Ihe  body.  If  the  attention  b« 
directed  very  strongly,  and  for  some  time,  to  any  part,  that  partnij 
become  the  seat  of  pain,  for  which  the  most  efleclive  remedy  is  It 
engage  the  thoughts  as  much  as  possible  on  some  other  object.  In 
many  instances,  where  pain  has  been  excited  by  a  physical  cause, 
tiiere  can  be  no  doubt  it  has  been  continued  long  after  the  cesMtiai 
of  its  exciling  cause,  by  the  attention  of  the  patient  having  h«i 
directed  to  il.  It  is  probable,  that  in  such  cases  the  percfiving  puM 
of  the  brain  (so  lo  speak)  become  habituated  to  a  certain  conditioned 
ttie  centre  of  sensation,  produced  by  the  original  exciting  cause  of 
the  pain.  , 

Nerves  are  implanted  only  in  those  parts  of  the  encephaloo  vbicb 
are  capable  of  physical  nervous  actions:   Ihe  convolatioos  of  tht 
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,  the  carpas  striatum,  the  optrc  thalamusi  and  the  cerebellum, 
apable  only  of  mental  nervous  actions.     In  every  change  of 
latter,  the  mind  is  either  the  excitor  or  excited;  the  conditions 
t  nerves  involve  tliem  only  through  the  influence  of  the  centres 
lich  the  nerves  are  implanted;  and  they  affect  the  nerves  only 
<gh  the  same  medium.     Matteucci's  experiments  as  to  the  efiects 
!ctricity  on  the  different  parts  of  the  brain,  showed  that,  as  long 
e  current  was  confined  to  those  parts  which  are  capable  only  of 
til  actions,  no  apparent  effect  was  produced.     But  when  the 
I  of  the  battery  had  penetrated  to  the  base  of  the  brain  so  that 
turrent  might  pass  through  the  deeper  seated  parts,  then  the  animal 
I  out  with  pain,  and  strong  convulsions  were  produced, 
hose  parts  in  which  physical  nervous  actions  take  place,  (although 
ible  of  partaking  in  the  mental  actions,)  require  the  excitation  of 
Ml  stimuli  in  order  to  develop  their  peculiar  phenomena,  and 
bave  frequent  remissions  in  the  active  performance  of  their  func- 
lio  the  frequent  absence  of  the  ordinary  stimuli.     But  the  ever- 
*€  mind  keeps  up  a  constant  and  proportionally  rapid  train  of 
gies  in  those  parts  which  are  more  especially  connected  with 
il  actions:  hence  these  parts,  requiring  repose,  fall  at  certain 
da  into. that  peculiar  and  inscrutable  state  called  sleep;  in  which, 
ever  be  the  condition  of  the  mind  itself,  the  brain  either  refuses, 
flow  to  respond  to  its  stimulation,  or  to  convey  impressions  to 
[a  deep  sleep  we  are  completely  unconscious,  and  may  remain 
considerable  time  motionless.     But,  as  the  accustomed  period 
pose  approaches  to  its  termination,  the  sleep  becomes  lighter,  a 
le  of  consciousness  returns,  and  mental  changes  take  place, 
b,  whether  incoherent  or  connected,  constitute  what  are  fami^ 
known  as  dreams.     In  lighter  sleep,  it  cannot  be  said  that 
is  complete  want  of  consciousness ;  nor  is  the  mind,  although 
iaratively  quiescent,  in  complete  repose.     The  readiness  with 
b,  at  times,  some  persons,  during  sleep,  reply  when  addressed, 
esume  the  waking  state, — the  power  which  many  unquestionably 
of  limiting  the  duration  of  sleep  to  a  predetermined  period,  as 
uted  with  the  deep  unconsciousness  and  slowness  to  awake  of 
8, — strongly  favour  this  idea. 

lis  state,  with  which  the  revolution  of  each  diurnal  period  makes 
miliar  as  one  of  repose  to  the  great  centres  of  mental  nervous 
BS — "tired  Nature^s  sweet  restorer" — occurs,  with  modifications, 
e  result  of  certain  morbid  processes,  as  the  effect  of  certain  phy- 
sgents,  or  even  as  the  consequence  of  peculiar  states  of  mind. 
I,  ander  the  influence  of  pressure,  from  a  clot  of  blood  compress- 
he  brain,  or  from  lymph  or  fluid  at  its  base,  a  state  varying  from 
of  drowsiness  up  to  the  profoundest  sleep,  or  camn,  may  be  in* 
d.  Whatever  be  the  nature  of  the  compressing  substance,  or 
■ever  situate,  if  the  hemispheres  experience  general  pressure,  this 
twill  ensue.  Again,  a  class  of  drugs,  of  the  sedative  or  narcotic 
,  exerts  a  similar  influence  ;  and,  if  given  in  too  large  a  dose, 
paralyze  the  brain>  We  have  daily  evidence  of  this  in  the  effects 
»ium,  which  paralyzes  at  first  the  centres  of  mental  actions,  and 
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^llimately  ihose  of  physk-al  actions.  Lastly,  particular  slates  ol'  ih 
I  tyslera,  induced,  perhaps,  by  derangeil  assimilation,  nr  by  grrat  |ira> 

vious  disturbance  of  mind,  dispose  persons  to  fall  into  Ihat  siaii:  wbick 
t  U  called  somnambulism.  The  somnaiubulisl  is  one  who  ilreams,  ml 
I  acts  in  his  dream  as  if  he  were  awake,  and  as  if  all  the  pheuQintu 
1  presented  to  him  were  real.  He  appears  (o  the  bystanders  in  a  dff^ 
1  *leep,,but  acts  with  wonderful  precision,  walks  with  steady  gait,  aoii 
I  ivoids  obstacles,  Yet  frequently  accidents,  injurious  nr  even  filil, 
I  occur;  which  show  thai  on  such  occasions  he  is  asleep,  and  hMM 
'   the  J'lill  command  of  his  senses.     Persons  in  Ihis  slate  will  anifn 

Saestions  rationally  and  wiih  readiness,  and  do  not  appear  to  be  a!  ill 
isturbed  by  being  questioned.  The  hypochondriacal  or  hyslericil 
'  diathesis  disposes  greatly  to  the  development  of  soinnainbulisin  bcrilr 
I  IQ  male  and  femnle. 

L  ,    A  slate  remarkably  analogous  to  Ihis  of  somiiambulisia  majbt 
I  induced  in  persons  of  nervous  icmperaroent,  which  has  been  cilW 
tte  Mesmeric  sleep,  or  trance.     It  requires  for  its  produclioo  lix 
apparent  influence  of  another  individual,  who  watches  ihe  i^nn 
experimented  on  with  an  intent  look,  and  makes  certain  rootcinfiib 
before  him,  which  are  called  passes.     All  persons  are  not  suweptible 
,of  passing  into  ihis  stale,  any  more  than  they  are  of  exhibiting  ibt 
.   phenomena  of  somnambulism.     The  same  state  of  consiitulioo  ti^ 
I   disposes  to  the  Salter  is  favourable  lo  the  former.     Hemarkable  s^«'^ 
I  Bients  have  been   made,  and  confirmed  by  the  testimonyof  alir^ 
['■limber  of  observers,  tending  to  imply  ihat  in  these  cases  the  faculliM 
become  exalted  in  an  extraordinary  manner;  and  that  the  indiriiluil 
acquires  powers  of  a  novel  description,  and  even  of  a  supcihumsa 
I  kind.     It  behoves  all  sober-minded  persons  lo  be  slow  lo  ac«p! 
jsuch  statements  as  true,  and,  without  impugning  the  veracity  (if  ^e 
fpporters,  to  inquire  whether  they  do  not  rest  more  upon  a  iniainUi- 
pretation  than  upon  a  misrepresentation  of  facts.     The  polar  fotveoi 
the  mental  nervous  centres  may,  in  this  peculiar  slate,  be  so  alTecinl 
M  lo  favour  the  development  of  subjective  phenomena,  which  iiii 
evident  may  assume  particular  forms  under  the  influence  of  impres- 
sions made  from  time  lo  time  upon  the  senses.     The  ravings  of  > 
delirious  or  of  a  lunatic  patient  often  take  a  particular  direction  ontlw 
ihe  influence  of  a  question  or  remark  let  fall  by  some  bystander;  il 
is  not  unlikely  that  persons,  wilh  a  mental  bias  for  the  murveltow, 
might  discover  in  such  paiients  quite  as  much  evidence  of  sup^dut* 
man  power,  as  has  been  adduced  by  the  Mesmerists. 

We  cannot  avoid  remarking  how  much  it  is  to  be  lamenled  AUt 
inquiries  of  so  delicate  a  nature,  affecting  the  very  confines  between 
tnind  and  matter,  should  have  usually  fallen  into  the  hands  of  {Mi- 
nns ill  qualified  for  such  pursuits,  either  by  menial  constitution  or 
Jay  previous  experience  in  the  study  of  subjects  involving  both  pkj* 
(Sical  and  metaphysical  knnwlcd(;e.  Little  is  lo  be  expected  in  suw 
difficult  researches  from  dilettanti  of  either  sex ;  much  less  from  thOM 
whose  excessive  zeal  for  novelty  and  notoriety  must  iiecesMirily  nsl 
suspicion  on  their  statements.  Nor  can  we  hope  lhat  tnilh  cio  be 
elicited  from  experiments  and  observations  which  are  made  before 
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he  public  gaze,  'with  more  of  the  characters  of  a  theatrical  exhibition 
han  of  a  sober  phUosophical  investigation. 

Functions  of  the  Commissures, — The  commissures  of  the  brain  have 
cmg  been  regarded  as  provisions  to  ensure  the  harmonious  co-opera- 
ion  of  certain  parts  of  the  nervous  centres,  whether  on  the  same  or 
m  opposite  sides.  This  opinion  rests  mainly  upon  their  anatomical 
XHinections ;  for  but  little  that  is  satisfactory  can  be  concluded  from 
ntber  the  comparative  anatomy  or  pathological  conditions  of  them. 
;t  is  evident  that  the  principal  commissures  bear  a  direct  ratio  in 
mnt  of  development  to  that  of  certain  parts;  and  that,  when  those 
Mrts  are  imperfect  or  absent,  the  commissures  are  deficient  or  wholly 
vanting.  Thus  the  corpus  callosum  and  the  hemispheres  are  deve- 
oped  together;  the  fornix  and  the  hippocampi,  the  pons  Varolii  and 
lie  cerebellar  hemispheres. 

The  anatomy  of  the  corpus  callosum  favours  the  hypothesis  that 
t  is  the  bond  of  union  to  the  convoluted  surface  of  the  hemispheres, 
Hid  that  it  is  the  medium  by  which  the  double  organic  change  is 
■ade  to  correspond  with  the  working  of  a  single  mind.  There  is 
lothing  in  the  recorded  observations  of  morbid  change  or  congenital 
ielect  of  this  part  to  militate  against  this  idea;  but  it  must  be  re- 
oarked  that  all  these  cases  are  accompanied  with  lesion  or  defect  of 
ither  parts,  which  weaken  the  inferences  to  be  drawn  respecting  the 
iorpus  call6sum.  Direct  experiments  upon  this  commissure  yield 
nly  negative  results.  Longet  and  others  found  that  irritation  of  it 
Bd  not  cause  convulsions:  and  Longet  states,  that  injury  to  the 
XNrpus  callosum  in  young  rabbits  and  dogs  did  not  appear  to  disturb 
rolantary  movements ;  and  that,  when  he  incised  this  body  in  its 
ahole  length  in  rabbits  standing,  they  have  continued  to  maintain 
hat  position;  or,  when  urged  on,  ran;  and  that  no  convulsive 
Borement  whatever,  nor  any  sign  of  pain  was  manifested.  Such 
tatements  are  certainly  favourable  to  the  supposition  that  these  fibres 
se  destined  to  connect  centres  whose  appropriate  stimulus  is  mental. 

The  fibres  of  the  fornix  manifest  the  same  insensibility  to  mechani- 
al  irritants ;  and  their  obvious  anatomical  connection  with  particular 
miTolutions  warrants  but  one  conclusion,  that  they  associate  the 
ctions  of  those  parts.  Lallemand  relates  a  case  in  which  the  symp- 
DiDS  were  altogether  limited  to  mental  disturbance,  without  any 
flection  of  the  sensitive  or  motor  powers,  and  the  fornix  and  corpus 
allosum  were  found  in  a  state  of  complete  softening  without  dis- 
oloration. 

The  fibres  of  the  pons  Varolii  bring  the  cerebellar  hemispheres 
iito  connection  with  each  other,*  and  with  the  vesicular  matter  of  the 
neaocephale.  Direct  experiments  on  these  fibres  can  yield  no  satis- 
ictory  result,  because  they  are  so  intimately  associated  with  the 
Iceper  seated  parts  of  the  mesocephale,  and  with  the  nerves  of  the 
Ah  pair  and  others,  that  it  is  impossible  to  irritate  them  in  the  living 
nimai  without  likewise  irritating  these  other  parts.  And  it  is  sufli- 
iently  evident  that  these  fibres  have  no  necessary  connection  with 
ansation  and  volition,  from  their  non-existence  in  birds ;  nor  even 
rith  the  cerebellum  when  that  organ  is  single.    It  will  be  borne  in 
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mind,  that  at  a  previous  page  we  have  referred  to  the  oonnection  of 
these  fibres  with  the  mesocephale  as  explainipg  th^  crossed  influence 
of  lesion  of  one  hemisphere  of  the  cerebellum. 

We  conclude  this-  chapter  with  the  following  inferences^  which, 
we  think,  the  present  state  of  knowledge  justifies: 

1.  The  spinal  cord  contains  within  itself  all  the  physical  condi- 
tions necessary  for  the  mental  and  physical  actions  of  the  trunk  and 
extremities,  so  long  as  its  connection  with  the  encephalon  is  perfect 
through  the  anterior  pyramids. 

2.  There  is  no  sufficient  evidence  to  prove  the  existence  of  a  class 
of  sensori-volitional  fibres  distinct  from  those  which  are  the  instru- 
ments of  physical  actions. 

3.  Each  segment  of  the  cerebro-spinal  centre,  whether  in  tk 
cranium  or  in  the  spinal  canal,  gives  origin  to  its  own  proper  nervei, 
and  has  no  connection  with  the  neighbouring  segments,  othenriie 
than  by  commissural  fibres  or  vesicular  matter. 

4.  The  antero-Iateral  columns  of  the  cord,  with  the  anterior  and 
posterior  horns  of  the  gray  matter,  are  the  effective  centres  of  motioa 
and  sensation  of  the  trunk  and  extremities.  The  posterior  colnmu 
nre  longitudinal  commissures  by  which  the  influence  of  the  cerebellua 
is  brought  to  bear  on  the  various  segments  of  the  cord. 

5.  When  the  pyramids  are  in  a  state  of  integrity,  the  corpus 
striatum,  certain  accumulations  of  gray  matter  connected  with  the 
nerves  of  the  medulla  oblongata,  the  locus  niger,  and  the  anterior 
horns  of  the  spinal  gray  matter  are  the  centres  of  voluntary  motion  to 
the  whole  body;  while  the  optic  thalami,  olivary  columns,  and  pos- 
terior horns  of  gray  matter  are  the  centres  of  sensation. 

6.  The  medulla  oblongata,  when  connected  to  the  corpora  striata 
by  the  pyramidal  fibres,  is  a  centre  of  voluntary  actions  to  those  parts 
whose  nerves  are  derived  from  it;  and,  in  addition,  it  is  the  principal 
centre  of  the  actions  of  respiration  and  deglutition. 

7.  The  corpora  quadrigemina  are  primary  centres  of  visual  im- 
pressions, and,  with  a  large  portion  of  the  gray  matter  in  the  meso- 
cephale, are  centres  of  emotional  actions. 

8.  The  cerebellum  is  the  co-ordinator  of  voluntary  and  locomotive 
actions. 

9.  The  convolutions  of  the  brain  are  the  centres  of  intellectual 
actions,  and  are  intimately  associated  with  the  mental  phenomena  of 
attention,  association,  and  memory. 

On  ihe  subjects  discussed  in  this  chapter  we  refer  to  the  more  recent  treahses  on 
Physiology,  by  Mullen,  Wagner,  and  Carpenter; — to  Dr.  Marshall  HalPs  writiDfrsoo 
the  Nervous  System;  the  most  important  of  which  will  be  found'in  an  ociaro  vol- 
ume **0q  the  Diseases  and  Derangements  of  the  Nervous  System,'*  1S41 ;  and  in  t 
quarto  volume  "On  the  Nervous  System,"  1843; — to  Henle's  General  Anatomy;— 
Whytt  on  vital  motions; — Prochaska,  Annot.  Academicac; — Le  Gallois, GBuvre^;— 
Flourens  sur  le  sy^ieme  nerveux; — DesmouiinsetMagendie  surle  sysiftme  nerreox; 
— Longet,  AnaL  et  Physiol,  du  sysieme  nerveux; — Volkmann,  in  Mailer's  Archiv.f— 
Van  Deen,  sur  la  Phy>iol.  de  la  Muelle  Epiaiere,  and  the  wurk^  referred  to  at  the 
conclusion  of  the  lai^t  chapter. 


Appendix  fo  ihe  Eleventh   Chapter. — Whilst  the  preceding  pages  w^re  parsing 
through  the  press,  we  were  favoured,  through  the  kindness  of  Prof.  Maitencci  ol  Pbtt 
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MTeral  opportonities  of  witnessing  his  highlT  important  electro-phyMological 
iriments.  As  these  experiments  rend  very  mach  to  confirm  and  substantiate  the 
rs  expressed  in  Chap.  IX.,  we  subjoin  here  a  succinct  account  of  them 
be  facts  which  M.  Matteucct's  researches  have  developed  are  the  following: — 1. 
I  oiQ^cle  is  a  better  conductor  of  electricity  than  nerve,  and  that  nerve  conducts 
*r  than  brain.  8.  That  in  the  muscles  of  living  animals,  as  well  as  of  those  re- 
ly killed,  an  electric  Current  exists,  which  is  directed  from  the  interior  of  each 
ele  to  its  surface.  3.  That  in  frogs,  a  current  exists  peculiar  to  the  Batrachiani 
ilea,  which  proceeds  from  the  feet  to  the  head,  and  is  distinct  from  the  muscular 
ent.  4.  In  continuation  of  Marianini's  and  Nobili's  researches,  Matteueci  illus- 
!S  the  effects  of  the  inverse  and  direct  corrents  in  nerves  of  different  function,  and 
rs  very  strikingly  the  difference  in  the  influence  of  the  electrical  stimulus  upon 
'es,  from  that  of  other  stimuli  upon  theseorgans. 

or  these  researches  Matteueci  employed  ihe  galvanometer  of  Rumkorff*  (Paris), 
:h  is  the  same  as  thatof  Nobili  with  the  addition  of  a  small  apparatus,  by  means 
rhicb  the  needles  may  be  rendered  more  or  less  astatic,  and  thus  the  sensibility 
^  galvanometer  may  be  more  or  less  increased.  But  he  also  takes  the  pre- 
ioD,  to  Hoard  against  the  development  of  currents  by  unequal  chemical  action 
I  the  poles  of  the  galvanometer,  to  have  them  made  of  plates  of  plaiina,  which  is 
acted  upon  by  water  or  saline  solutions.  He  takes  two  plates  of  platina,  about  a 
iter  of  an  inch  in  breadth,  and  fixes  each  in  a  handle  of  wood.  The  plates  are 
soldered  to  the  wires  of  the  galvanometer,  and  both  the  handles  and  the  plates 
Dovered  with  a  layer  of  sealing  wax-varni>h,  leaving  only  a  space  of  about  a 
rter  of  an  inch  uncovered  at  the  extremity  of  each  platinum  plate, 
be  froe*s  leg,  prepared  in  a  cenain  way,  is  most  susceptible  of  electnc  influence, 
tberefore  may  be  used  as  a  galvanometer  of  extreme  delicacy.  The  skin  is  strip- 
off  one  lower  extremity  of  a  lively  frog,  and  the  whole  length  of  the  sciatic  nerve  is 
ecied  out  from  among  the  muscles  of  the  posterior  pan  of  the  thigh ;  after  which, 
ihif  h  is  cut  across  just  above  the  knee,  the  nerve  remaining  attached  to  the  knee 
1^.  The  lex  is  now  placed  in  a  glass  tube,  in  such  a  position  that  the  nerve 
ft  loosely  from  the  end  of  thf  tube.  To  use  this  galvanoscope,  the  operator  holds 
flmss  tube  at  the  opposite  extremity  to  that  in  which  the  leg  is  placed,  and  causes 
lenre,  which  hangs  loosely  from  the  tube,  to  touch  at  two  points  the  electromotor 
lent  under  examination.  If  the  nerve  be  traverNed  by  a  current,  the  leg  instantly 
raets.  This  apparatus,  called  by  Matteueci  grenouii/e  gahjtmoteopigue,  is  the 
I  delicate  we  pos>ess,  if  it  be  renewed  from  time  to  time.  And  it  is  capable,  not 
of  indicating  the  existence  of  an  electric  current,  but  also  of  showing,  with  a 
t  degree  of  probability,  the  direction  of  that  current.  When  the  frog  has  become 
lie  weakened,  it  almost  constantly  happens  that  the  contraction  takes  place  on 
9g  the  circuit,  if  the  current  pass  from  the  nerve  to  the  leg;  but  if  it  pass  from 
etr  to  the  nerve,  contraction  will  take  place  on  opening  the  circuit.* 
Matteucci's  experiments  upon  the  relative  conducting  power  of  animal  sub- 
ees,  were  founded  upon  a  law  of  derived  currents.  When  a  liquid,  or  any  other 
r,  is  traversed  by  an  electric  current,  and  the  plates  of  the  galvanometer  are 
iged  into  it,  there  are  immediate  indications  of  a  c^errvo/ current, so  directed  in  thfe 
mDometer,  that  the  point  at  which  it  enters  the  coil  of  the  galvanometer,  corre- 
id:i  to  the  positive  pule  of  the  current  which  traverses  the  liquid.  The  derived 
ent  is  always  greater,  as  the  platets  of  the  galvanometer,  plunged  in  the  liquid, 
more  distant  from  each  other.  If  a  current  be  made  to  traverse  different  sub- 
ees,  which  correspond  as  nearly  as  possible  as  regards  shape,  bulk,  etc.,  the  de- 
fi  carrent  from  each  will  be  exactly  in  the  inverse  ratio  of  the  conducting  power 
)e  substance  traversed. 

ieees  of  nerve,  brain,  and  muscle,  from  a  rabbit  just  killed,  were  selected  for  the 
parative  experiments;  these  were  cut  so  as  to  correspond  as  nearly  as  possible 
ointof  size  ancl  shape,  and  disposed  as  a  chain  on  an  insulating  plane.  Platinum 
»•  fixed  by  sealing-wax  to  two  pieces  of  cork,  which  were  held  apart  at  a  certain 
inee  by  a  rod  of  glass  which  transfixed  each  of  them,  were  soldered  to  the  wires 
M  galvanometer,  the  platinum  wires  having  been  previously  varnished  to  within 
•fjr  short  distance  of  their  extremities.  A  current  from  twelve  cells  of  a  constant 
ny,  was  now  passed  through  the  chain  of  animal  substances.  The  platinum 
!S,  held  always  at  the  same  distance  from  each  other,  were  successively  brought 


who  propose  to  employ  the  gaWanoineter  in  physiological  experiment!,  shoald 
fiilly  observe  the  precautions  assigned  by  Matteueci,  in  the  Uiird  chapter  of  his  book, 
iSffd  against  errooeous  iofereaces. 
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imo  contact  with  brain,  nerve  and  muscle,  and  (he  fleTiatioD  ot  ihe  needU  mnhMl 
from  the  derived  curreni  in  each  ease  vts  carefully  nijieil.  The  detirid  cuntni 
from  nervous  mailer  was  always  greaier  llian  ihal  from  mascle;  tb>i  fraa  tern 
greater  Iban  ihat  fruni' nerve,  denokiag  a  less  nunducliiifl  power  jo  nervoui  mind 
Iban  in  muscle— in  brain  ihnn  m  nerve.  By  increasing  ihe  dit^lance  hnar«ailit 
plaiinum  wires,  a  derived  current  nvsy  be  nbiamed  Crum  lauiscle  equal  lu  ih>i  at' 
taineit  rrnm  braia ;  and  Maiteucci,  I'mai  ihis  laiier  eiperimeni,  iolVrs  Ihii  ihccoa- 
dueling  power  of  iiia»cle  may  be  taken  as  (our  times  greater  ibw)  ihM  o(  bmaoi 

Antiiher  inieresiing  eiperiment  confirmed  ihe  results  obiained  frorn  iho!:e  ilnt4^ 
tailed.  The  current  was  maJe  to  traverse  ihe  wbole  trunk  uf  a  rabbit  just  kilMuJ 
flayed,  and  the  pliiinum  wires,  held  ai  a  coniiiant  dl^lance.  were  applied  succeumlj 
10  (liflereni  pans,  muscles,  nerves,  elc;  ihe  current  wai  fimnd  lo  traverse  all  plfli, 
with  such  diflerence  he  was  due  ic  the  diSerppi 
subsiancesi  that  is, so  as  lo  yield  a  derived  con 
from  nerve,  or  from  nerve  ihan  from  brain. 

8.  T<i  demonstrate  the  existence  of  an  electric  curreni  in  the  musclei  of  tsiub 
recently  killed  or  living,  the  fallowing  eiperimenis  have  been  ailiipied  by  Malmni 

If  a  deep  wound  be  made  in  a  muscle  of  any  living  animal,  and  ihe  neneaf  ite 
galvanoscopic  frog  be  introduced  into  it.  so  that  the  nerve  shall  touch  the  cut  imba 
■I  one  poial,  and  ibe  ouier  surface  of  the  muscle  si  the  other,  caniraciions  iaiiiulr 
lake  place  on  compleiiiiK  the  circuit.  It  is  evident  thai  this  eflect  ia  Joe  tu  an  tlttiw 
current  developed  by  the  muscle,  because  il  is  necrssiiry  that  the  nerve  should lutet 
the  muscle  at  two  points;  and  because,  if  the  nerve  be  brought  into  simiUrcMUtl 
with  two  poiols  of  any  other  bodv,  no  such  efTeci  will  follow.  To  guard  aftlauik 
fallacy  that  might  arise  from  conlact  with  ibe  blood,  Maiieucci  shows,  ihat  if  a  atn> 
be  brought  Imo  contact  with  a  layer  of  blood  at  two  diflereni  joints,  no  eir>d«aot«f 
«n  electric  current  will  appear.  In  this,  and  all  eiperimenia  with  the  galvannMOpc 
lirog,  n  is  to  be  remembered  thai  the  frog's  leg  must  he  held  in  the  Kla>->  <ube  W  •»■ 
Bure  perfect  inKulaiion.  The  experiment  is  always  followed  by  ibe  aame  iniiii. 
vhalever  be  the  muscle  or  the  animal  touched,  or  even  if  muicles  separated  fioa 
llie  animal  be  operated  on.  The  indications  of  Ihe  electric  current  remain  luncrn  ii 
ttaune  latmals  in  which  the  muscular  coniractiliiy  lasts  loogesl;  in  culd-bkioM 
animals,  such  as  Gth  and  repiileii.Maiteucci  has  seen  ibe  phenomena  1a«l  foinwi 
bours.  The  current  is  sulQcient  to  eicite  the  nerve  of  a  warm-blooded  aaiuL 
The  ihighs  of  a  rabbit  having  been  removed,  a  long  portion  of  the  crural  nerve  ni 
dissected  out.  and  Ihe  muscles  eiposed.  With  a  glass  lube  the  nerve  was  raiwdaW 
brought  lo  touch  the  muscles  at  two  points,  when  the  wbule  limb  was  itmwi  ttia 


io  far,  dislinci  evidence  was  aflTorded  by  the  animal  ealvanometer,  (so  Id  tpMAJ 
of  Ihe  exii'ience  of  a  muscular  curreni.  when  Ihe  frog's  leg  becomes  a  iilile  weak, 
il  indicates  the  direction  of  the  current  lo  be  from  Ibc  inieriur  to  the  surface  of  tlu 

In  order  to  demonsiraie  the  inllueQce  of  Ihis  curreni  on  the  galvanometer,  a  ptrti- 
etilar  arraniemeni  is  necessary. 

Several  small  ciip-like  caviiies  are  scooped  out  in  a  niece  of  wood,  tweitt  iubri 
aquare,  and  an  inch  and  a  half  ihick.  The  wood  and  its  little  cavities  are  r^anil 
over  with  a  layer  of  varnish,  or  small  capsules  sunk  into  ihesvood  may  beemp1«H- 
Five  or  six  frogs  are  prepared,  by  flaying  the  posterior  exireraiiies.  and  Ihe  Itgi  art 
aeparated  by  disariiculaiing  ihem  at  the  kneej  which  must  be  done  iciih  cart, la 
order  nut  to  wound  ihe  mass  of  crural  muscles.  Next,  each  lhi|th  is  divided  at  if 
middle,  and  Ihus  a  certain  number  of  conical  masses  [the  lower  balvesuf  the  ibifb'] 
«re  obtained.  These  must  be  arranged  on  the  board  in  a  chain.  One  balf->bifbi> 
placed  at  the  edgeuf  one  of  Ihe  cavities,  with  its  apex  lo  Ihe  cavity,  and  the  cotsoi- 
laee  outwards;  and  the  chain  is  completed  by  arranging  the  olhers  in  «  »em>cir(l(. 
ao  thai  the  apex  of  one  freely  touches  ihe  cul  surface  of  the  other,  and  the  pirw 
wbicb  forms  ihe  opposite  extreme  of  ihe  series  ooghl  lo  lonch  ihe  edge  of  anoiberuf 
(be  cavities  by  its  cut  surface.  Thus,  a  pile  is  formed,  of  which  one  of  ihe  ruicBi' 
Ilea  ia  the  interior  of  the  muscle,  and  ihe  other  lU  external  surface.  The  boai^ 
with  ibe  muscular  pile  arranged  upon  il  in  tbia  way,  is  now  broughi  to  Ihe  gatiau- 
meicr,  ibe  platinum  poles  of  nhich.  if  it  be  a  very  sensible  one,  have  been  tami 
time  placed  in  distilled  water;  or.if  noi  very  Fen^ible.  in  a  valine  snlulion.  Tbe 
next  step  of  Ibe  experimeni  is  wiib  a  pipetle.to  pour  into  ihe  caviiies  wiih  wbiob  tbe 
citremea  uf  the  pile  are  connected,  either  water  ur  some  of  th4  saline  tulutiua, ac- 
cording as  the  plates  of  the  galvanometer  have  bee^  immersed  in  eiiber  of  ibaM 
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The  platioam  poles  of  the  galvanometer  are  now  withdrawn  from  the  flnid  in 
rbich  they  had  been  immersed,  and  inirodiiped  into  the  fluid  of  either  of  the  cavities; 
f  no  deviation  of  the  needle  follow  this,  they  are  at  the  same  time  plunged  into  the 
.wo  extreme  cavities  of  the  pile,  so  as  to  close  the  circuit.  A  deviation  of  the  needle 
akes  place  immediately,  which  varies  in  amount  according  to  the  number  of  seg- 
nenu  which  constitute  the  pile.  Maiteucci  has  obtained  a  deviation  of  15°,  20°,  30°, 
10**,  60°,  etc.,  according  to  the  number  of  half-thighs,  supposing  the  frogs  employed 
o  be  equally  lively ;  he  obtained  3°  or  4°  with  two  elements,  6°  or  8°  with  four  ele- 
ncDis,  10°  or  .12°  with  six,  and  so  on.  These  numbers  are  obtained,  using  distilled 
rater  in  the  cavities;  but  the  deviation  may  be  increased  considerably  if  a  few  drops 
>f  snlpbaric  acid  be  added  to  it,  so  that  a  pile  of  eight  half-ihighs,  which  gave  a  de- 
riatioD  of  15°  with  distilled  water,  will  cause  50°  with  the  acid  liquid.  When  the 
laid  was  slightly  saline  or  alkaline,  the  same  number  of  elements  caused  a  deviation 
>f  95^.  In  all  the  trials  the  current  had  the  same  direction— that  is,  from  the  internal 
put  of  the  muscle  to  its  surface. 

The  muscular  current  may  be  demonstrated  with  the  muscles  of  other  cold-blooded 
ind  of  warm-blooded  animals.  In  all  cases  it  is  necessary  so  to  arrange  the  elements 
9f  the  pile,  that  the  inner  surface  of  one  segment  shall  be  in  contact  with  the  outer 
larface  of  the  next,  and  that  the  inner  surface  of  a  piece  of  muscle  shall  form  one 
pole,  and  the  outer  surface  of  another  piece  the  opposite  pole. 

The  duration  of  the  muscular  current  corresponds  with  that  of  contractility.  In 
Bold-bluoded  animals,  therefore,  it  is  greateist.  In  mammalia  and  birds  it  is  very 
brief.  Temperature  has  a  considerable  influence  upon  the  intensity  of  the  current. 
If  frogs  are  placed  for  some  time  in  a  very  cold  mediuor,  piles  made  from  their  mos- 
eJes  yield  no  evidence  of  electricity ;  but,  if  the  frogs  are  placed  in  a  warm  medium 
lor  A  short  time  after  they  have  been  taken  from  a  cold  one,  the  current  of  electricity 
nbuined  from  their  mu«cles  will  be  stronger  than  that  from  a  similar  pile  which  bad 
iot  been  subjected  to  any  change  of  temperature. 

Any  circumstances  which  enfeeble  frogs,  and  derange  their  general  nutrition,  will 
limioish  the  power  of  the  muscles  to  generate  electricity,  as  they  also  impair  the 
cooiractile  force.  Thus,  Matteucci  found  the  great  heat  of  summer  to  impair  mate- 
rially the  development  of  electricity.  We  have  found  the  same  result  in  frogs  which, 
baviog  been  kept  crowded  together  in  a  small  compass  during  the  month  of  Decem- 
ber, became  ill-nourished,  with  soft,  flabby  muscles,  full  of  moisture.  The  redder 
and  more  consistent  the  muscles  are,  as  Matteucci  remarks,  the  more  distinct  will  be 
the  signs  of  electricity. 

The  muscular  current  appears  to  be  quite  independent  of  the  nervons  system.  The 
legment^  of  which  the  piles  are  formed,  are  obviously  beyond  the  influence  of  the 
aervoas  centres ;  and  Matteucci  has  taken  great  pains  to  remove  from  such  segments 
all  the  larger  nervous  trunks  and  filaments  distributed  among  the  muscles  withoat 
afleciing  the  electrical  current.  And  in  frogs,  in  which  the  lower  part  of  the  spinal 
cord  had  been  destroyed  by  burning,  there  uas  no  evidence  of  impairment  of  the 
electric  current  in  the  muscles  of  the  lower  extremities. 

Matteucci  found  that  narcotic  poisons,  in  moderate  doses,  had  little  or  no  influence 
upon  the  muscular  current.  On  one  occasion,  he  found  it  slightly  increased  in  a  frog 
lo  which  a  very  small  dose  of  opium  had  been  given.  In  very  strong  doses,  such  as 
to  kill  the  animal,  the  muscular  current  is  destroyed.  The  influence  of  the  narcotic 
ga^es  upon  the  current  is  of  no  importance,  with  the  exception  of  sulphuretted  hy- 
dfOffen,  which  has  the  effect  of  materially  weakening  its  intensity. 

On  one  occasion,  we  endeavored  to  obtain  a  current  from  a  pile  composed  of 
pieces  of  human  muscle  from  a  leg  that  had  just  been  amputated;  but  the  muscles 
were  id  so  atrophied  a  condition,  that  the  experiment  failed  with  the  galvanoscopic 
frofEtas  well  as  with  the  galvanometer.  We  have  since  learned  from  Professor  Mat- 
teucci. that  he  has  obtained  evidence  of  the  current  in  human  muscle  under  similar 
circumstances. 

It  is  plain,  from  the  statements  above  given,  that  the  essential  condition  for  the  full 
development  of  the  muscular  current,  is  a  healthy  and  vigorous  state  of  the  muscles 
themselves, and  that  the  nervous  system  contributes  to  the  electrical  phenomena  only 
io  far  as  it  contributes  to  the  healthy  nutrition  of  the  muscles  by  promoting  their 
Datiual  actions.  The  muscular  current  is  one  of  the  phenomena  which  attend  the 
paMtive  contraction  of  muscles ;  it  disappears  from  dead  mu.scle,  and  from  living 
mn^cles  which  have  so  suffered  in  their  nutrition  as  to  lose  their  characteristic  pro- 
perly. All  external  influences  which  materially  afl^ect  the  nutrition,  and  therefore 
the  passive  contraction  of  muscles,  exert  a  corre.*<ponding  effect  upon  the  muscular 
current.  The  duration  of  the  current  after  systemic  death,  continues  in  the  diflerent 
animals  just  so  long  as  the  phenomena  of  coniraciiiity  are  present. 
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8.  Id  ihc  latter  pari  or  Ihe  1sk[  cpniury.  Oalvsni  Rnnonanl  iSae 
men  I,  of  causing-  contraclion  nribe  [rog's  \ee  by  bnoeinf!  lis  matcles  in  conUCI  tilt 
the  lumbar  nerves.  Thefollciwiiii;sre  che  swpsof  ihiseiperimenliThe  inie(an(ati 
are  stripped  ofT  the  lower  exiremiues,  which  are  separated  fmrn  Ihe  irank  tt  Ik 
middle  of  the  bach ;  a  small  portion  or  the  lumbar  region  of  Ihe  5piDe,  rroig  ableb 
the  lumbar  nerves  emerge,  is  left  with  these  nerves  in  connection  with  the  bmt 
limbs,  Ihe  pelvi»  having  been  cm  away,  ir,  now,  ihe  limbs  be  .mspended  bfiheaiF 
meni  (if  the  spine,  and  one  leg  be  carerully  bent  np,  so  a.i  lo  bno^  ifae  fool  law  e» 
taci  with  the  fambar  nerve,  the  whole  limb  is  convulsed  at  the  momeol  t>r  e«MKL 
The- fool  may  be  made  to  touch  the  muscles  at  varions  parts  of  the  limb  wiihtratn; 
such  e Reel.  The  contraclion  is  general,  and  evidently  of  the  ^ame  naiure  wlllS 
-which  the  passage  of  an  electric  carrenl  through  ihe  lumbar  nerves  would  pradMt. 
When  the  experiment  is  careruHj  tried,  it  is  impossible  that  the  oervecan  etperiFMi 
an;  mechanical  dragging,  such  as  would  prndnce  an  elTect  like  ihai  described.  Oit 
vani  poinied  out.  that,  in  order  lo  succeed  perfectlf  in  Ihe  eiperiment,  it  is  necewrT 
lo  wail  unlil  the  frog  has  recovered  from  the  tetanic  Mate  which  is  likely  tunnc 
upon  ihe  necessary  mode  of  preparation.  He  also  staled,  that  the  esperiweiit  h 
more  likely  to  be  successful  if  the  froi;  have  been  previously  moiMened  by  a  solillm 
of  salt;  and  that  the  conlraclioD  of  the  muscles  may  be  produced  if  the  nerve  ui 
fool  are  couneoted  by  a  piece  of  muscle,  and  not  directly.  The  accuracy  of  Git 
vartt'f  observaiions  hen  been  fuHy  established  by  tfumbnidt,  Valli,  and  maiiy  mo^ 
era  experimenters.  We  have  fregnenlly  repeated  the  experiment  with  the  >iid*i» 
sgll. 

Piny  years  after  Galvani.  Nobili*  toolc  up  the  /■ame  line  of  inquiry.  Hivio):  pre- 
pared the  legs  of  a  frog  according  to  Galvani's  methud  as  above  descnbed.  he  plnwJ 
the  lumbar  nerves  into  one  capsule  and  the  feel  into  another,  the  capsules  being Ubf 
with  water.  When  the  poles  of  a  galvanometer  were  introduced  into  the  floidoflk 
capsules,  a  deviation  of  the  needle  followed  to  the  extent  of  S",  10°,  or  IS°  nr  mon. 
The  deviatioD  could  be  increased  by  making  a  chain  of  frogs' legs  prepamfialbi 
same  way.  The  legs  were  placed  on  an  insulating  plane,  so  that  the  nerves  oftM 
touched  the  feet  of  the  next,  and  so  on.  It  is  necessary  that  the  eiiremiiiei  of  Itu 
pile  should  be  plunged  into  capsules  filled  with  water.  Or,  a  pile  may  be  madeMt 
a  series  of  capsules  cooiaining  waier,  connected  maeiher  by  frogs'  legs;  the  Btnti 
being  placed  in  one,  and  the  feet  Id  Ihe  next.  Wiih  such  piles,  a  deviation  nr  Ibt 
needle  in  the  extent  of  OD"  may  be  obtained  ;  or  to  a  much  greater  extent,  if.  Isilnl 
of  distilled  water,  a  weak  solution  of  .salt  be  employed  to  fill  the  capsules;  or  1^ 
more,  if  the  fluid  of  the  capsules  be  slightly  acid. 

In  all  these  experiments  the  direction  of  the  electric  current  was  found  In  N«N- 
slanl,  from  the  feet  to  the  head.  At  the  same  time  that  the  needle  wits  raadetodem'- 
the  frogs' legs,  whatever  be  the  number  consliluling  the  pile,  are  thrown  inKiM- 
traction.  It  is  nut  necessary  fur  the  production  nf  the  phenomena  that  the  rrvnil 
legs  should  touch  one  another*,  it  will  suffice  if  they  be  ciinnecied  by  a  cmdacilM 
material,  such  as  a  skein  of  coiion  moisiened,  wire,  wet  paper,  or  even  water. 

Nuhili  found  that  these  signs  of  an  electric  current  continued  for  many  hnan  tlW 
the  preparation  of  the  animal.  He  distinguished  the  current  by  the  title  of  fcoiwi«iJ 
de  la grennuilU, oil  mwlml pmpre I  and  he  aiiribated  it  to  a  therm(>.«leetrie  canni 
caused  by  the  nnequal  cooling  of  the  nerve  and  muscle  produced  by  evaporaimn- 

It  is  evident  that  the  experiment  of  Nobili  is  essentially  the  same  as  the  onpit! 
one  of  Galvani.  In  the  latter  the  electric  current  was  brought  lo  act  upon  tbecerrti 
of  the  lifflb;  In  (he  former,  open  the  galvanometer. 

The  galvBuoscopic  frog  maybe  used  as  a  test  of  the  electric  current  when  NobM't 
amngement  is  preserved.  If  the  extremes  of  the  pile  be  connected  by  the  oerve  of 
Ihe  gat  van  oseo  pic  limb,  the  instant  the  circuit  is  completed,  its  muscles  trill  comrati; 
and,  as  in  otter  experiments  with  the  galvanoscopic  frog,  we  may  tieiertniae  Itiedi- 
reclion  of  the  current  when  the  frog  becomes  a  liitle  weakened. 

Mattencei  gives  the  name  •" aintraetmn propre"  to  the  contraeiion  of  the  mnselti 
'  1  the  Frogs'  lef;s,  whether  used  singly  or  as  a  pile,  at  the  nm* 
1  of  Ihe  needle  occurs.  In  order  to  obtain  ihi.i  phenoneona, 
ml  not  be  plunged  completely  in  the  water;  otherwiie  the  pro- 
without  passing  through  Ihe  nerves,  and  cnnseqaently  the  coa- 
place.  or  are  extremely  feeble.  These  coniraciioni  eontiaoe. 
.  or  llfieen  m  in  ales,  but  rarely  for  half  an  hour  after  previa  nuoa. 
unEinpihe  frugs, so  that  the '  —  — ^^""^ 
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e^vved,  beeaoM,  as  he  explained,  (he  electromotor  elemeDia  were  opposed.    In  Mat- 
ie«eci*s  haodrt,  however,  such  a  result  was  not  obtained.    If  care  be  taken  not  to 
of  pos«  to  each  other  the  nerves  or  mascles  of  synimeiricai  parts,  contraction  will 
lAvays  ensae.  ^ 

The  following  is  Mattencci's  mode  of  showing  this  remarkable  experiment.    The 

Uiib«  of  a  frog  are  prepared  in  the  ordinary  way  ;  but,  in  addition,  the  heads  of  the 

thiieh-bones  and  the  ilium  are  completely  removed,  so  as  to  leave  the  legs  connected 

to  each  other  only  by  the  nerves,  through  the  portion  of  the  cord  which  is  contained 

ii  the  segment  of  the  spine  which  remains.     The  parts  are  placed. on  an  insulatin^^ 

ptatfie.    If  the  mascles  of  one  leg  are  made  to  touch  the  other  thigli,  contractions 

eine;  but  not  so  if  the  leg  of  one  side  touch  the  leg  of  the  other.    Or  the  same 

(fnt  may  be  produced  by  bringing  the  different  parts  of  the  limbs  into  connection 

bfBoist  paper  or  cotton;  or,  if  the  galvan(»meter  be  employed,  signs  of  a  current 

iretfforded,  by  touching  a  thigh  with  one  pole,  and  the  opposite  leg  with  the  other. 

In  the^e  experiments,  when  the  frog  is  lively, contractions  are  produced, in  touching 
the  mascles  of  the  thigh  with  those  of  the  leg,  as  well  on  opening  as  on  closing  the 
aitiiL  Bat  when  it  has  become  weak,  contractions  take  place  in  one  limb  on  clos- 
iat  ibe  circuit,  and  in  the  other  on  opening  it. 

MuicQcci  explains  the  failure  in  pro<Iucing  contractions  by  touching  correspond- 
iaiptns,  on  the  supposition  that,  under  such  circumstances,  the  currents  of  the  two 
liabs  eircnlate  with  equal  intensity,  and  in  a  contrary  direction.  This  he  proves  by 
iKe  following  experiment:  If  the  frogs*  legs,  prepared  as  above  described,  are  severed 
from  etch  other,  and  the  nerve  of  one  leg  and  the  foot  of  the  other  are  placed  in  one 
ciptiile  filled  with  water,  while  another  capsule  receives  the  other  nerve  and  foot;  the 
Bomeot  the  circuit  is  completed,  strong  contractions  in  both  limbs  are  produced. 
Biiio  the  galvanometer  no  sign  of  an  electric  current  is  afforded  when  its  poles  are 
ptanged  into  the  capsules.  **In  this  case,*'  says  Matieucci,  **the  currents  of  the  two 
limbi circulate  together,  passing  equally  through  the  limbs ;  and  if  even  the  parts  of 
tkeearrent  were  to  take  the  course  of  the  galvanometer,  it  is  easy  to  see  that  they 
voQid  circulate  in  it  in  opposite  directions,  and  therefore  would  produce  no  deviation, 
jtoo  (he  contrary,  the  disposition  of  the  two  limbs  be  such  that  the  nerves  are  placed 
inooe  ressel.  and  (he  fee(  in  the  other,  it  is  easy  to  see  that  the  two  portions  of  the 
carreot  which  do  not  circulate  through  the  animal  arc,  enter  the  extremities  of  the 
SiJriDometer,  and  circulate  in  it  in  the  same  direction.  It  is  the  sum  of  these  two 
poftioDs  which  constitutes  the  proper  current  of  the  frog,  which  sum  is  measured  by 
U^calvanomeier. 

If  several  frogs*  legs  be  arranged  with  opposed  nerves  and  feet  in  the  (wo  capsules, 
Ue  effect  upon  the  galvanonteter  is  not  increased. 

Comparative  experiments  as  to  the  difference  of  the  currents  in  piles  formed  of 
hoth  the  lower  extremities  of  frogs  as  already  described,  and  in  piles  formed  of  an 
cqoal  number  of  single  extremities,  sho«red  no  greater  effect  upon  the  galvanometer 
ia  the  one  case  than  the  other. 

From  these  and  numerous  other  experiments,  varied  with  great  ingenuity  and  skill. 
If atieacci  draws  theNe  conclusions:— 1,  that  the  complete  electromotor  element  in 
the  current  of  the  frog  is  formed  by  one  of  its  limbs — that  is,  of  one  leg,  the  thigh,  its 
spinal  nerve,  and  a  piece  of  its  spine; — 2,  that  the  current  of  one  limb  circulates 
by  (he  other  every  time  that,  leaving  the  frog  intact,  a  communication  is  established* 
m  any  way,  between  the  (wo  legs  of  the  same  frog; — 3,  that  in  the  experiment  by 
which  we  detect  the  current  of  the  frog  by  the  galvanometer,  there  is  never  in  the 
wire  of  the  instrument  any  other  current  save  that  which  results  from  the  sum  of  the 
two  portions  of  the  currents  of  the  two  limbs  which  are  not  discharged  from  limb  to 
limb. 

It  is  important  to  notice,  that  there  is  no  necessary  connection  between  nerves  and 
mascles  in  the  production  of  the  proper  current  of  the  frog.  Matteucci  shows  by 
several  ingenious  experiments,  that,  although  in  tialvaoi's  and  Nobili*s  observations, 
the  nerve  and  muscle  were  brought  in  contact,  or  were  made  to  form  conspicuoas 
parts  of  (he  arrangement  employed  in  the  development  of  the  phenomena,  the  signs 
,  of  ihe  electric  current  are  just  as  distinct  when  the  circuit  is  completed  by  the  con- 
tact of  other  parts;  or  if  Ihe  continuity  be  maintained  by  muscles,  the  main  nervous 
trunks  having  been  removed.  Thus,  if  a  frog  be  flayed,  and  the  bones  and  muscles 
of  (he  pelvis  be  cut  away,  so  as  to  leave  the  lower  extremities  attached  to  the  thorax 
by  (he  looobar  nerves,  contractions  will  be  produced  by  bending  up  the  leg  so  as  to 
bring  it  in  contact  with  the  eyes,  the  muscles  of  the  head,  or  the  back.  And  if  this 
frog  be  placed  with  its  head  in  one  capsule  and  its  legs  in  another,  the  current  may 
be  detected  by  the  galvanometer  in  the  ordinary  way.  Or,  if  the  spinal  nerves  and 
the  piece  of  the  spinal  cord  be  removed  from  the  lower  limbs  prepared  in  the  ordinary 
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vay,  ihe  sipin  «[  [hv  muTrnt  tiiiiy  be  □blainrd  by  Ihr  osaal  in«lhr>d4.  Piles  nric  nf 
leg"  prepared  in  [his  way  develop  a  current  equally  iniense  wrth  th»i  predond 
from  piles  «iili  an  equal  n amber  or  elemrnis  composed  or  limbs  wiih  the  orrvno- 
tnaining.  It  ihus  appears  thai  ihAleciromoinr  eiemeoL  or  Ihe  currrni  n  reduMdo 
IbP  mnscle'  of  "he  leg  and  ihigh  In  organic  union. 

So  far.  indeed,  i«  Ihe  nerve  from  contnbnlin?  lo  the  prodaclioo  nf  ih*  elMlrtcil 
phenomena,  ihai  Maiieucct  found  that  a  mare  feeble  current  was  develnprd  ia  piln 
farmed  of  Ihe  legs  or  frogs  in  which  a  very  lonf;  portion  of  Ihe  nerve  formed  u  (lr> 
ment.  He  prepared  ihe  legs,  leaving  attached  lo  Ihem  ibe  lambar  and  croni  ptm 
of  Ihe  nerve,  and  formed  Ihe  pile  by  plai:ing  ihe  nerve  on  ihe  adjacent  ie;.  so  iliiiiba 
communication  bolween  ihe  segments  vas  maintained  only  by  the  Dervei,  Aid  n 
may  be  shown  further,  ihal  the  nerve  ia  these  experiments  acis  only  as  a  bad  w*- 
ductor  of  the  electricity  developed  by  the  muscles ;  for,  if  the  nerves  be  col  ivty,nd 
the  segments  of  the  limbs  connected  by  pieces  of  moist  coUonicisiMd,  ibepbeaoaeu 
Of  Ihe  pile  CDnlione  unchanged. 

Nothing  analogous  to  the  proper  carrenl  has  been  found  in  any  olher repiil" tai 
the  Batrachian— nur  in  any  other  class  of  aninisls.  Ii  is  not  improbable,  iherrioi, 
that  the  proper  current  of  the  frog  may  be  due  lo  some  nndiscovered  peaulimlj  nf 
Elroctnre  in  ihal  animal. 

How  can  we  expUin  these  remarkable  electrical  phenomena  in  the  moTCulirtK- 
rent  directed  frnni  the  interior  to  ihe  exterior  of  all  muscles  in  ail  animals;  ut  te 
proper  current  of  Ihe  frog,  directed  from  Ihe  feel  to  Ihe  head,  and  peculiar  loitefh- 
tnchian  repiiles! 

It  is  not  didiculi  lo  discover  an  explanation  of  Ihe  raownlar  carrenL  Tbe  (MM- 
lial  conditions  necessary  to  develop  the  signs  of  this  current  are  simply,  ilui.bT 
means  of  a  conducting  material,  the  interior  of  the  muscniar  masv  should  be  itrH^ 
into  communicBiion  with  ihe  exterior  of  the  mnscle,  which  is  more  or  less  lendiiwai. 
snd  covered  with  areolar  tissue,  and  iherefbre  diOerenl  from  ihe  interior  in  llracun 
and  function.  .4nd  as  ibe  $igns  of  this  current  are  apparent  only  whilst  Ihe  mud* 
is  living — that  is,  while  it  cuniinues  to  display  iiK  cimtracule  power,  we  majiifir 
that  (he  same  organic  conditions  which  are  necessary  to  the  develop  mem  of  cninc- 
lion,  are  requisite  for  the  development  of  electrieiiy.  Now  an  that  is  nrce»ii7l<< 
the  developmeol  of  the  cosiraciiliiy  of  muscle  is  (as  has  been  sbown  in  Chap,ni.) 
a  healthy  nuiriiion,  a  due  supply  of  arterial  blood,  and  sufficient  exercise  of  ihcw^. 
And  it  would  be  impossible,  as  Malleucci  remarks,  not  to  admit  that  the  ehcninl 
aciion  which  must  be  going  on  throughoul  muscle,  in  ihe  con-iiani  supply  and  mi' 
of  which  it  is  the  seal,  can  be  unattended  with  Ihe  developmeol  of  eleclridiy. 

In  short, the  organic  aciionsof  muscle,  by  which  the  eleelrtcalcorrmlis4e*«li, 
may  be  compared  to  the  inorganic  phenomena  attending  iis  production  from  ibt^ 
composition  of  metals.  When  a  plale  of  metal,*  immersed  in  an  acidulaied  Mix 
oxidifed  by  Ihe  oxygen  of  the  waier,  and  then  dissolved  in  the  acid,  we  admil  iW 
an  enormous  quantity  of  electririiy  is  developed  during  this  aciion  ;  wa  arid>l>^e- 
wise,  ihal,  just  as  ihe  iwo  electrical  stales  arv  disengaged,  a  synthesis  lakes  t^WF, 
and  Ibe effi^cts  of  ihe  previous  decomposiiion  are  nenirBlieed.  li  is  on'ybynn" 
of  certain  arrangements,  that  we  can  obtain  the  free  eleclncity  which  is  devekifwd 
during  chemical  aciion.  We  unite  to  the  meialtie  plaie.  another  which  isnoiatinW 
by  the  waier,  and  plunge  this  second  plate  also  in  the  water.  The  ciccnit  u  ihu 
eatabtished,  and  the  electric  current  circulales  in  the  liquid  from  Ihe  melal  acud  on 
to  the  other,  and  from  ihis  latter  back  again  lo  Ihe  Aral  through  the  neiatlic  aie  '^ 

The  metal  acted  npon  in  Ihe  ariifical  arrangement  is  repreaenied,  in  ihe  phniome- 
non  of  Ihe  muscular  currenl,  by  the  muscular  fibre:  the  airidulaled  11  u id  is  the  irw- 
rial  blood,  The  surface  of  the  muscle,  or  any  oiher  eondueiing  body  not  mnscolit 
fibre,  but  which  ii  in  coniaci  wjih  the  mnscle,  represents  the  second  plate  of  a"il- 
which  does  not  suffer  chemical  aciion,  and  u-hich  serves  only  to  form  the  circuit.  ThF 
direction  of  Ihe  muscular  current  is  precisely  such  as  it  should  Iw,  suppo»io(iM 
current  to  be,  an  we  have  represented  il,  due  to  a  chemical  aciion  taking  place  in  Ibi 
inleriorof  the  muscle. 

The  nervous  system  may  act  in  two  ways  in  connection  wiih  Ihis  phenonienon  i  I. 
as  an  imperfect  conductor,  which  makes  pan  of  a  circuit,  but  is  not  the  Mwroct' 
electrieiiy ;  ii  represents  ihe  eli-eincal  state  of  the  muscniar  mass,  interior  or  «i- 
face,  with  which  it  is  in  connection ;  and  S,  it  acis  in  Ihe  conservRUait  cf  the  oH" 
which  disengages  electricity,  namely,  nutrition.  [I  is  fully  proved,  that  the  latrgritT 
of  the  nervous  ay ijleu],  and  Ihe  mitrilioa  of  Ihe  muscles,  are  closely  leagued  lugetbeii 

*  Mtllaocci,  loc.  cil.,  p.  134. 
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It  as  it  etnnot  be  tdmitted  that  the  chemical  action  which  takes  place  in  natrition'is 
mediaieiy  arrested  or  saspended  by  the  catting  off*  nervoas  inflnence,  tto  we  must 
lov  ihai  the  masealar  carrent  may  continue  after  the  nerve  has  ceased  to  exert  any 
lOlrol  over  the  moscle. 

The  proper  carrent  of  the  frog  does  not  admit  of  being  explained  upon  these  prin- 
plcs.  It  has  been  supposed,  as  already  stated,  that  this  current  is  a  thermoelectric 
ic«  dae  to  the  nneqoal  cooling  of  nerve  and  muscle,  depending  on  the  difference  of 
raporation  in  these  two  parts  of  the  animal.  But  it  has  been  ^hown  that  this  car- 
at persists  even  iHer  the  removal  of  the  nerve;  and,  moreover,  as  Matteucci  re- 
Ark*, » carrent  which  is  sensible  to  a  galvanometer  with  a  long  coil,  which  traverses 
iek  layers  of  liquid,  which  may  be  obtained  by  bringing  muscle  in  contact  with 
ttsele,  and  which  may  be  produced  by  holding  animal  parts  in  water,  cannot,  cer- 
iDly,  be  of  thermo-electric  origin.  It  has  also  been  supposed  that  this  current  is 
le  to  an  electro-chemical  action;  that  the  leg  of  the  frog  is  charged  wiih  alkali  or 
ilts,  whilst  the  thigh  or  the  lumbar  nerve  contains  acid.  But  chemical  analysis 
r  these  parts  aflbnls  no  countenance  whatever  to  this  hypothesis.  There  are 
smarkable  points  of  analogy  between  this  current  and  the  muscular  current.  Mat- 
«eci*s  experiments  have  shown  that  the  former  has  some  marked  connection  with 
lascles,  and  with  thase  of  the  leg  more  especially;  and  he  has  found  that  the  same 
ireomsiances  which  increase  or  diminish  the  muscular  current,  exert  a  similar  in- 
uence  upon  the  proper  current.  But  they  differ  remarkably  in  point  of  duration; 
s  tJie  latter  continues  long  after  all  traces  of  a  muscular  current  has  ceased  to  be 
uworerable.  It  is  highly  probable,  as  before  stated,  that  the  true  source  of  this  cur- 
ent  will  be  found  in  some  anatomical  peculiarity  of  the  frog. 

As  in  the  ordinary  phenomena  of  the  nutrition  of  muscles,  by  which  their  state  of 
Mme  contraction  or  tone  is  maintained,  electricity  is  developed,  it  is  most  reasona- 
le  to  expect  that  during  active  contraction  there  should  be  a  development  6f  elec- 
'ieitj,  as  the/e  is  of  heat  likewise,  according  to  Becqoerel  and  Breschet*s  observa- 
OBf.  This  is  shown  by  Matteucci  in  a  very  beautiful  experiment  which  we  have 
Tqaently  repeated  with  the  same  results.  Place  a  prepared  frog  upon  an  insulating 
taae;  then  prepare  the  leg  of  another  frog  with  the  crural  nerve  dissected  out  and  lefi 
Ifaehed  to  the  leg,  the  thigh  being  removed.  Place  the  nerve  of  this  leg  upon  one 
r  both  thighs  of  the  other  frog,  and  every  time  that  those  legs  are  excited  to  contract 
J  a  galvanic  or  a  mechanical  stimulus,  contractions  will  be  produced  in  ihe  second 
sg^,  which  is  connected  with  the  first  only  by  the  contact  of  its  nerve  with  the  sar- 
lee  of  their  moscles.  The  same  effect  will  be  produced,  if  the  nerve  of  the  frog's 
F^be  placed  on  the  muscles  of  a  warm-blooded  animal, — a  rabbit,  for  instance,^ 
are  being  taken  to  remove  any  thick  aponeurosis  which  may  cover  the  latter. 

If  an  insulating  sobstance  be  placed  between  the  muscles  of  the  thigh  and  the  nerve 
r  ibc  leg,  no  action  will  take  place.  The  same  effect  is  observed  when  gold-leaf  is 
■lerposed  ;  but  if  the  gold-leaf  be  torn,  to  however  slight  a  degree,  the  leg  will  be 
ifDwn  into  contraction. 

The  electricity  developed  during  the  contraction  of  the  muscles,  stimolates  the 
tfT0  which  is  laid  upon  them ;  the  interposition  of  a  non-conducting  substance 
revents  the  electric  discharge  from  reaching  the  nerve ;  and  gold-leaf,  being  a  belter 
ondoctor  than  nerve,  carries  the  electricity  along  it,  passing  by  the  nerve. 

4.  The  study  of  the  eff*ects  of  electricity  applied  in  various  ways  upon  nervea  has 
ed  lo  some  highly  interesting  and  curious  results. 

Nobili  ascertained  that,  in  passing  an  electric  current  through  the  lumbar  nerves 
r  a  frog,  contractions  occurred  under  drfferent  circumstances,  according  to  the  state 
f  vitality  of  the  nerves.  He  divided  the  vitality  of  the  nerve  into  five  periods, 
ohog  each  of  which  different  phenomena  were  produced  by  the  passage  of  the  cur- 
»L  Id  the  first  period,  the  dired  current,  or  that  directed  from  the  brain  to  the 
erves,  caused  contractions  in  the  muscles  oa closing  the  circuit;  the mverge  currebt, 
r  that  from  the  nerves  to  the  brain,  on  opening  it.  In  the  second  period,  the  direct 
■rrent  causes  contractions  on  closing  the  circuit,  and  slight  ones  on  opening  it;  the 
Hcrae  carrent  causes  contractions  only  on  opening  the  circuit  In  the  third  period, 
iNitractions  occur  only  on  closing  the  direct  current  and  opening  the  inverae.  In  the 
Minli  period,  contractions  occur  only  on  closing  the  dired  current;  and  in  ihe  fifth, 
le  oerve  ceases  to  be  influenced  by  the  electrical  stimulus.  Marianini,  who  sabse- 
oeaily  studied  this  subject,  affirms  that  contractions  take  place  only  under  two  eir- 
omstances,  namely,  from  the  closure  of  the  direci  current,  or  from  opening  the  m- 
m/  and  that  a  sensation  is  caused  by  the  diteei  current  on  opening,  bat  by  the 
Mcrtr  on  closing. 

Matieocci  repeated  these  observations  on  the  sciatic  nerves  of  the  rabbit,  devoting 
Be  nenre  to  the  direct,  the  other  to  the  inveiae,  eorrent.    Oa  closing  the  dired 
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CDirent,  Bonrraciions  wen  prnducrd  in  ihe  muscles  nf  ih«  limbs  and  back,  viil) 
miiNted  f\gBf  of  pnin;  ihe  same  phennmfQB  result  Tram  clo.^lag  ibemtvit carnal 
bid  from  opening  boih.  The  sistiB  of  pain  were  grealesi  at  ihe  clonore  of  ihe  nun 
current,  and  the  cuniractions  were  mti-n  at  the  closure  of  the  direel  camnt  TIh 
commencement  and  ihe  inlermption  of  an  eleciric  current  of  a  cenain  iniMiiif, 
acline  upon  a  cenain  portion  of  the  nervous  eyMrm.  are  folloved  bj  the  same  |^ 
Domena,  whatever  be  the  direciion  of  this  current  in  the  nerve.  Afier  some  ii»!. 
which  is  shnrier  as  ihe  current  is  more  inleose.lhe  phenomena  take  place  in  a  difet- 
ent  manner.  Upon  interrupting  the  direct  current,  ihe  contractions  of  the  nuMla 
of  the  ltmt)s  are  feeble,  but  there  are  signs  of  pain,  and  the  muscles  of  the  bicliin 
coniracird;  but,  when  the  direct  current  is  closed,  ihe  efTeeis  are  limiled  lo  eoniru' 
lions  of  the  posierior  limbs.  When  the  inverse  currenl  is  u"ed.  cnntracu'onssf  H* 
muscles  of  the  buck  and  signs  of  pain  occur  on  oJosine  it.  while  iheoontraciunfj 
the  limbs  are  slight;  but,  on  ihe  interrupiidD  of  it,  contractions  of  the  limbs  aloneulH 

The  following  tabular  view  will  exhibit  these  latter  results  more  clearl/. 

,    .  i  contractions  in  mnscles  of  poswiM 

Closing  .    ■    -    J      limbs. 
Direct  current   .    ,     .   ;  r  mnrked  siens  of  pain.and  EoBttKlBt 

(  opening  .     .    .    ^      of  muscles  of  the  back. 

(  feeble  coniraclions  of  pi'steriM- lia>k 

.    ■  /  signs  of  pain. contractions  of  dukIs 

Inverse  current  i-^'os'^S  '     '    '    )      of  back, and  feeble  onesof  ihef* 

;  opening  .    .    .    ^  conua^clio^s  of  the  posleriot  limta. 


The  contractions  of  the  muscles  of  the  hack,  which  are  supplied  from  nerves  "Iwi 
cnite  olT  above  ihe  point  of  eicitaiion.are  due  lo  the  irrilation  of  the  nervou' eeniir. 
alTecied  ihrouuh  sensitive  nerves;  for  these  contractions  cannot  be  produced i/*< 
portion  of  the  cord  from  which  the  nrrves  arise  have  been  removed. 

After  Ihe  nerve  has  been  eihauiited.  so  as  to  yield  ihe  phenomena  of  the  teti»d 
period,  as  shown  in  ihe  table,  il  may  be  excited  lo  act  as  al  first,  either  by  inere»it« 
Ihe  intetisity  of  the  current,  or  by  exciting  poinis  of  the  nerve  nearer  its  penplKnl 

A  simple  experiment  itlusirates  (he  different  effects  of  the  direct  and  inve^■e•!ll^ 
rent  in  a  very  strikine  manner.  The  limbs  of  a  frog  are  prepared  according  w  tU 
ordinarr  method  of  Gal  van  i.  If  a  current  be  passed  from  one  side  to  the  «»f 
through  Ihe  lumbar  nerve)',  ii  is  plain  that  it  will  be  direct  in  the  nerves  of  one>i''i 
and  inverse  in  ihose  of  the  other  side.  During  the  first  period,  there  n re  eooiraetioai 
boih  on  compteiing  and  interrupting  Ihe  circuit;  but  in  ihe  secnnd  period,  one  link 
coniracts  on  opening,  the  other  on  closing,  so  that  ihe  limbs  are  made  to  hiell■llr^ 
palely,  that. which  is  traversed  by  the  direel  ourrentonolosing,  and  ibal  by  iheinvtM 
currenl  on  opening. 

■   '      mpo:isible  to  observe  these  curious  phenomena,  whether  of  the  n        '"" 


currenl,  or  of  Ihe  effecis  of  e 

eciricityonnervf 

s,  without  perceivine  howuli«lii«- 

explicable  they  are  by  the  elee 

rical  iheory  of  n 

ervous  power,  or,  indeed,  how  in«h 

opposed  ihey  are  to  such  a  vi 

w.     They  serve. 

n  Ihe  most  remarkable  manner,  id 

confirm  ihe  views  which  we  h 

ve  adwocaied  in 

a  former  chapter,  which  res«n)  il» 

nervous  power  as  a  polar  f.iro 

e  develi'peil  by  n 

fileculsr  changes  in  nerves  eieiiol 

by  various  stimuli,  of  which,  1 

exL  lo  Ihe  mental 

thai  of  electricity  is  the  mo»t  pi>wt> 

We  have  already  {p.  aaS)  given  ihe  general  results  of  Professor  Matteucci's  mrf 
interesting  series  of  eiperimenis  on  the  torpedo.  Wc  shall  conirni  ourselvps,  no*. 
with  remarking  thai  he  has  succeeded  in  illustrating  very  strikingly  ihe  marked  ant- 
logy  between  Ihe  actions  of  the  electrical  organ  and  tho^e  of  muscle,  and  the  relaiioB 
whii;h  each  bears  to  the  nervous  sysiem.  Both  are  organized  to  aci  in  a  pantcnlu 
way:  Ihe  one  to  develop  electriciiy  without  any  visible  change  in  itself;  ihvMbtr 
to  conlracl,  wilh  a  demonstrable  evolution  of  boih  heal  and  electricity.  Boih  will 
manifesitheir  peculiar  phenomena  by  direct  irritation,  or  by  indirect  irriiat ion  ihmugb 
Ihe  nerves.  Both  are  brouehi  under  the  control  of  Ihe  will  by  Ihe  nervex ;  Ihe  rrcmm 
of  which  paralyzes  ihe  influence  of  the  will  over  both,  bui  does  not  destroy  the  pr- 
—       -    '  -   ■-         ....--   .1 — ._  ■  ,  ,    .....    J  qJ-  i|,c  eleatrical  lobe  of  Ih* 


8TMPATHT  AND  SYMPATHETIC  SENSATIONS  AND  MOTIONS.      339 

rmiD  is  citable  of  exciting  a  discharge  of  the  qrgan ;  JQ9(  as  irritation  of  a  segment 
r  the  spinal  cord  caoses  contraction  of  the  muscles  supplied  by  it  A  current  of 
leeiriciij  transmitted  through  the  electrical  organ  or  its  nerves,  causes  discharge ; 
Dd  a  similar  current  sent  through  a  muscle  or  its  nerves,  causes  it  to  contract.  All 
le  circumstances  which  modify  the  natrition  of  mu&cle,  will  similarly  affect  that  of 
le  electrical  organ.* 


CHAPTER  XII. 

ON  SYMPATHY  AND  SYMPATHETIC  SENSATIONS  AND  MOTIONS. 

It  is  popularly  known  that  the  act  of  yawning,  performed  by  one 
Djdividual  in  a  company,  is  apt  to  induce  in  many  of  the  others  an 
rresistible  tendency  to  the  same  act.  In  a  similar  manner,  the  ex- 
shement  of  certain  emotions  (mirth  of  sadness,  laughter  or  tears)  is 
ipt  to  spread  through  an  assemblage  of  persons  with  extraordinary 
npidity.  The  power  of  eloquence,  of  nuisic,  or  of  spectacle,  to  pro- 
luce  such  effects,  is  witnessed  every  da^  in  places  of  puiblic  resort, 
whether  for  devotion,  business,  or  amusement. 

Many  instances  are  known  in  which  convulsions  have  been  ex- 
:ited  in  persons  not  previously  subject  to  them,  by  the  sight  of  a 
[Mttientin  an  epileptic  (it.  And  peculiar  nervous  disorders,  of  a  con- 
ralsive  kind,  have  been  found  to  affect  nearly  all  the  members  of  a 
M>mmunity,  without  the  slightest  evidence  of  their  being  contagious 
>r  infectious.  An  impression  upon  an  brgan  of  sense  may  produce 
effects  very  different  in  their  nature  to  anything  which  could  be  anti- 
ripated  ;  and  these  may  be  purely  of  a  physical  kind,  or  they  may 
let  primarily  upon  the  mind.  Thus  certain  odours  will  induce  syn- 
M>pe  iu  some  people;  and  the  smell  of  a  savoury  dish  to  a  hungry 
person,  or  even  the  mention  or  the  thought  of  a  meal,  will  excite  a 
low  of  saliva.  The  emotion  of  pity  excited  by  the  sight  of  some 
>bject  of  compassion,  or  by  a  narrative  of  a  mournful  kind,  will  pro- 
loce  a  copious  flow  of  tears. 

All  stich  phenomena  are  said  to  result  from  Sympathy.  When 
me  yawns,  immediately  in  consequence  of  another's  yawning,  the 
brmer  evidently  and  truly  sympathises  with  the  latter ;  and  the 
lODYulsions  which  are  induced  by  the  sight  of  another  in  a  fit,  are 
lot  less  sympathetic.  The  individual  in  whom  the  convulsions  are 
nduced  sympathizes  with  the  other.  Such  obviotis  instances  of 
ympathy  between  different  individuals  led  to  the  supposition  of 
ome  such  similar  consent  between  different  or  even  distant  parts  in 
he  same  person. 

Motions  or  sensations  caused  in  certain  parts  in  consequence  of  a 
primary  irritation  of  other  and  distant  parts  are  of  the  sympathetic 
ind.     These  motions  or  sensations  are  produced  in,  as  it  wefe,  an 

*  TnM  de«  pb^nom^nei  ^lectro-phyBiologiquea  dei  animanz,  par  C.  Matteocci ;  aaivi 
*4Codea  aoatomiquet  aur  le  ayatfeme  nerveuz  et  aar  I'organe  electrique  de  la  Torpille,  par 
mslSaTU    Par.  1844. 


340  INNERVATION. 

indirect  or  circuitous  mannefy  or  oue  different  from  that  in  vbich 
they  are  ordinarily  excited. 

Thus  a  stimulus  to  the  olfactory  membrane  causes  a  pecoliv 
affection  of  the  sense  of  smell,  and  thus  occasions  that  depressioo  of 
the  heart's  action  from  which  results  a  state  of  syncope.  Or,  another 
affection  of  the  same  sense  causes  a  suddenly  increased  action  of  the 
salivary  glands. 

If  we  analyze  any  one  of  these  examples  of  sympathetic  actions,  it 
will  appear  that  three  circumstances  are  to  be  noticed  in  the  produc- 
tion of  the  phenomena :  1st,  the  primary  exciting  cause,  which  maj 
be  an  object  presented  to  the  mind  through  one  of  the  organs  of 
sense,  or  causing  an  impression  upon  any  sensitive  nerve,  and  there- 
fore upon  some  part  of  the  centre  of  sensation ;  2dly,  the  part  affected 
directly  by  this  primary  stimulus;  and,  3dly,  the  action  or  sensatioa 
resulting  from  the  afiection  of  this  part. 

Many  other  sensations  or  motions  may  be  enumerated  besides 
those  above  referred  to,  whether  occurring  in  health  or  in  disease; 
and  we  shall  give  e^i^amples  of  these  before  we  discuss  this  sabject 
further. 

.  The  examples  of  sympathetic  sensations  which  may  be  adduced 
are  chiefly  of  the  morbid  kind.     Pain  is  felt  at  a  certain  part,  m 
consequence  of  an  irritation  in  another  part  distant  from  it,  and  ap- 
parently altogether  unconnected  with  it.     One  of  the  most  familiar  of 
these  is  pain  in  the  knee  from  disease  of  the  hip-joint.     So  marked 
in  some  instances  is  the  pain  in  the  knee,  and  so  much  has  it  absorbed 
the  patient's  attention,  that  the  real  seat  of  the  disease  has  been 
overlooked,  and  the  remedies  been  applied  exclusively  to  the  knee. 
Pain  in  the  right  shoulder  from  disease  of  the  liver  is  a  sympathetic 
sensation  of  similar  kind  ;  and  sometimes  the  hepatic  irritation  causes 
pain  over  a  more  extensive  surface.     Whytt  mentions,  that,  in  two 
cases  of  suppuration  of  the  liver,  he  had  seen  the  patients  "  affected 
with   a  numbness  and  debility  of  the  right  arm,  thigh,  and  leg." 
The  peculiar  sensations  felt  in  the  teeth  from  a  noise  which  grates 
upon  the  ears,  is  sympathetic  of  the  irritation  of  the  auditory  nerve. 
Practitioners  are  well  aware  how  many  morbid  sensations  in  parts 
remote  from   tlu»  inU'stinal  canal  may  be  cured  by  the  removal  of 
scybala  or  othiT  accumulations  from  it.     Painful  aflfections  of  the 
nerves  of  the  farr,  and  of  other  parts,  are  often  due  to  a  cause  of 
this  kind.     TIh»  irritation  of  a  stone  in  the  bladder  gives  rise  to  pains 
in  the  thighs,  or  to  itching  at  the  end  of  the  penis ;  and  uterine  irri- 
tation, whether  from  disease  or  from  the  enlargement  of  that  organ  in 
connection  with  the  early  stage  of  pregnancy,  causes  similar  pamsin 
the  nerves  of  the  thighs. 

Headache  and  defective  vision  are  frequently  produced  by  disor- 
dered stomach.  A  draught  of  very  cold  water,  or  ice,  taken  quickly 
into  the  stomach,  may  occasion  acute  pain  in  the  course  of  either 
frontal  nerve.  This  same  nerve  on  one  side  is  frequently  the  seat  of 
pain  after  the  imprudent  use  of  acid  wine  or  other  fermented  liquors. 

Movements^  excited  by  the  operation  of  a  stimulus  applied  at  a 
distance,  form  a  large  proportion  of  the  instances  of  sympathetic 
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ihenomena.  All  the  ordinary  physical  nervous  actions  in  which 
notions  are  excited  by  stimulating  a  sentient  surface,  may  be  re- 
;arded  as  examples  of  sympathetic  actions.*  The  contraction  of 
he  iris  upon  the  application  of  the  stimulus  of  light  to  the  retina,  or 
>f  the  pharyngeal  mUscIes  by  stimulating  the  mucous  membrane  of 
he  fauces,  are  instances  in  point,  where  the  stimulus  acts  indirectly 
ipon  the  contracting  fibre.  Nothing  is  more  sure  than  that  in  these 
nstances  the  change  wrought  by  the  stimulus  in  certain  sentient 
lerves  travels  by  a  circuitous  route  through  a  nervous  centre  to  the 
moscles  which  are  called  into  action.  Akin  to  these  actions  are  the 
ibrcible  respiratory  movements  which  may  be  excited  by  irritation  of 
Jie  tracheal  membrane,  as  coughing ;  or  sneezing,  by  stimulating  the 
lasal  membrane;  or  vomiting, -by  irritating  the  fauces.  Spasmodic 
ifiections  are  often  instances  of  morbid  actions  in  sympathy  with 
intestinal  irritation,  or  the  irritation  of  teething  in  children.  Partial 
Dr  general  convulsions  are  very  frequently  due  to  either  or  both  these 
causes.  We  have  known  the  most  violent  opisthotonos  co-existing 
for  a  considerable  time  with  the  presence  of  lumbrici  in  the  intestine; 
bot  ceasing  immediately  on  the  removal  of  Hhe  worms.  Vomiting  is 
commonly  sympathetic  of  diseased  kidney,  or  of  the  passage  of  a 
ealculus  along  the  ureter ;  or  it  may  be  induced  by  the  introduction 
o{  a  catheter  into  the  urethra.  Irritation  of  the  intestines,  as  in 
diolera,  causes  cramps  of  the  most  violent  kind  in  the  lower  extremi- 
ties end  abdominal  muscles.  The  contractions  of  the  abdominal 
mascles  in  parturition,  although  materially  aided  by  the  will,  are  in 
consent  with  the  expulsive  eflbrts  of  the  uterus. 

The  consentaneous  action  of  symmetrical  parts  is  no  doubt  due  to 
a  similar  cause  to  that  by  which  most  of  the  sympathetic  actions  are 
excited,  and  more  especially  in  those  parts  where  symmetry  of  action 
b  constant,  although  liable  to  be  interrupted  by  the  influence  of  the 
wUI. 

A  distinct  class  of  sympathetic  actions  consists  of  those  in  which 
certain  parts  enlarge  or  become  developed  simultaneously  with,  and 
to  a  certain  extent  in  effect  of,  the  increase  of  others.  The  penis, 
the  beard,  the  vocal  organs,  experience  a  marked  increase  of  de- 
velopment at  the  adult  period  of  life  simultaneously  with  the  enlarge- 
ment of  the  testes;  and,  it  may  be  added,  in  effect  of  their  increase, 
because  the  early  removal  of  these  organs  prevents  the  growth  of  the 
others.  And  so  likewise  as  the  ovaria  are  developed,  the  uterus,  the 
rolva,  the  mamms,  increase  in  size ;  the  ovarian  and  uterine  irrita- 
tion which  accompanies  the  menstrual  flux  causes  enlargement  of  the 
breasts,  which  subsides  as  soon  as  that  period  has  gone  by. 

The  various  examples  enumerated  in  the  preceding  paragraphs 
may  be  classed  under  three  heads :  first,  sympathies  between  different 
individuals;  secondly,  those  which  affect  the  mind,  and,  through  it, 

•  It  has  been  remarked,  that  the  term  "sympaiheiid  actions**  involves  a  contradio 
tioB.  Bat  it  may  be  observed,  that  the  contraction  of  the  muscles,  on  which  the 
iclion  depends,  is  only  the  natural  mode  in  which  that  class  of  vital  organs  can 
maiiifest  their  consent  with  certain  states  of  nervous  centres,  or  of  sensitive  nerves, 
rhe  action  is  the  result  of  the  state  which  the  muscle  assumes  in  sympathy  with  the 
itimolated  nenre.    The  contradiction  is  therefore  apparent,  not  reaL 
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the  body;  and,  thirdly,  ihose  which  are  strictly  organic,  and  Ihere- 
fote  physical. 

Of  the  first  class  of  sympathies  we  can  ofTer  no  physical  etpUu- 
tion.  Whelher  the  nervous  system  of  one  individual  can  dirsclij 
aflect  thai  of  another,  or  whether  the  effect  is  produced  on  ihe  ioia- 
ginalion,  and  afterwards  on  the  nervous  system,  are  qiieslions  still 
tuhjudice.  The  serpeni  fascinates  his  prey,  apparently  by  the  poww 
,  of  his  eyes,  and  it  is  well  known  that  one  man  can  exert  a  ioiAti 
1^  control  over  another  by  a  mere  look ;  and  in  the  same  way  man  cti 
control  other  animals,  even  the  fiercest  carnivora,  by  a  firm  mii^ 
cided  glance  of  the  eyes.  It  is  no  explanation  of  sympathetic  phfiio- 
mena  of  this  kind  to  ascribe  them  to  the  efi'ect  of  a  tendency  to  imilt 
tion.  Imitation  is  voluntary  ;  these  actions  are  involuntary,  or  lik( 
place  even  in  despite  of  the  will.  {Bostock's  Physiology,  vol  ti, 
p.  227.) 

In  the  second  class  of  sympathetic  phenomena,  an  aBeclion  of  tlw 
mind  is  a  necessary  link.  But  why  that  atfeclion  of  the  mind  shwiU 
produce  its  peculiar  efi'ect  is  a  question  of  difficult  solution.  Wb.T 
should  the  perception  of  certain  odours  produce  in  one  case  incrnsnl 
action  of  the  salivary  glands,  and  in  the  other  case  cause  syncopt'. 
The  only  reply  which  can  be  made  to  this  question  is,  ihal  in  lh«l 
instances  the  impression  on  the  sensoriura  causes  a  change  ihm 
analogous  to  that  which  an  original  affection  of  the  mind  of  similit 
kind  would  produce,  and  therefore  gives  rise  to  eilects  of  the  sfuse 
nature  as  those  resulting  from  tbat  mental  change.  Thus  the  smell 
of  savoury  food  excites  in  the  mind  the  idea  of  food,  which  in » 
hungry  man  would,  if  it  occurred  spontaneously,  occasion  a  Aov  u( 
saliva.  And  the  odour  which  occasions  syncope,  creates  in  the  mind 
an  emotion  of  disgust,  which,  if  il  arose  independently  of  the  pbjsi- 
cal  impression,  would  affect  the  heart  through  the  centre  of  emolioiii 
It  is  plain,  however,  that  that  portion  of  the  nervous  centre  wbich 
is  affected  in  such  cases,  must  have  a  direct  intluence  upon  ihe  parU 
in  which  the  sympathetic  phenomena  appear;  and  this  Ihrnugb  com- 
missural fibres,  or  the  continuity  of  its  gray  matter  with  that  o(  Ibe 
centre  from  which  its  nerves  immediately  spring;  thus,  in  iht  in- 
stances referred  to,  Ihe  centre  of  sensation,  which  is  first  affected,  is, 
through  (he  medulla  oblongata,  connected  with  Ihe  salivary  glands 
by  the  fifth  nerve,  and  with  the  heart  by  the  vagus. 

We  derive  an  explanation  of  Ihe  third  class  of  sympathetic  p^l^ 
nomena  from  the  known  laws  of  sensitive  and  molor  nerves.  It  ii 
known  that  stimulation  of  a  sensitive  nerve  at  its  origin,  or  in  mj 
pari  of  its  course,  will  give  rise  loa  sensation  which  will  be  referteu 
lo  Ihe  peripheral  extremity  of  the  stimulated  fibres ;  and  that  a  stimu- 
lus applied  to  a  molor  nerve  causes  a  change  in  it  which  spreatli 
peripherad  from  the  point  stimulated,  and  therefore  affects  Ihe  muscu- 
lar parts  with  which  it  is /connected.  It  is  known,  also,  that  a  sentieol 
nerve  may  excite  a  molor  or  sensitive  nerve  which  is  implanted  neH 
to  it  in  the  nervous  centre — doubtless  through  the  change  which  it 
produces  in  that  centre;  nor  can  it  be  doubted  that  a  sensitive  nerve 
may  receive  such  a  powerful  stimulus  as  to  exalt  the  polar  force  of 
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large  portion  of  the  neryoiis  centre  in  the  neighbourhood  of  its 
lertion,  and  thus  to  excite  a  similar  change  in  all  the  nerves, 
lether  motor  or  sensitive,  which  are  connected  with  it.  Thus, 
cording  to  the  intensity  of  the  original  stimulus,  there  will  be  a 
liation  of  nervous  force  from  the  centre,  either  in  one  or  two 
otor  or  sensitive  nerves,  or  in  several  such;  and  the  number  and 
iriety  of  the  sympathetic  phenomena  will  thus  depend  on  the  in- 
Dsity  and  extent  of  the  change  in  the  nervous  centre  excited  by  the 
imary  stimulus. 

To  explain  then  the  phenomena  of  sensation  and  motion  under 
msideration,  we  must  determine  the  individual  nerves  afie(;ted  in 
icb  instance,  and  ascertain  what  connections  they  have  with  each 
tber.  We  learn  from  anatomical  investigation,  that,  although  nerves 
DUtomose  with  each  other  in  their  distribution,  this  anastomosis  is 
lyno  means  of  that  kind  which  would  justify  the  supposition  that 
a  irritation  could  be  communicated  from  one  to  the  other  in  their 
:oarae.  The  nerve-fibres  only  lie  in  juxtaposition,  but  do  not  com- 
Donicate:  and  there  is  an  evident  provision  in  the  tubular  membrane 
md  white  substance  of  Schwann  for  the  insulation  of  the  central 
ixis,  which  is  probably  the  efiective  substance  in  the  nervous  action. 
fit  must  seek,  therefore,  in  the  nervous  centres  for  such  a  communi- 
udon  between  these  nerves  as  may  explain  the  excitability  of  one  by 
be  other.  In  the  present  state  of  our  knowledge  we  can  do  no  more 
haa  state  it  as  in  the  highest  degree  probable  that  nerves  implanted 
Qdie  centre  immediately  contiguous  to  each  other  can  exert  an  influ- 
ice  upon  the  vesicular  matter  of  the  centre,  and  upon  each  other. 
But  there  are  certain  facts  which  demonstrate  beyond  all  doubt, 
bat,  in  such  actions  as  we  refer  to,  the  integrity  of  the  centre  forms 
necessary  condition.  First,  in  many  of  the  instances,  it  is  plain  that 
Itere  can  be  no  connection  between  the  aflfected  nerves  elsewhere 
iia  in  the  centre,  for  they  are  so  distinct  from  each  other  that  there 
!00t  even  that  apparent  connection  which  results  from  the  anasto- 
losis  of  a  fasciculus  of  fibres  of  the  one  with  a  portion  of  the  other, 
scondly,  the  removal  of  the  portion  of  the  nervous  centre  with 
hich  any  one  of  the  nerves  concerned  in  the  sympathetic  action  is 
iioected,  will  prevent  the  development  of  the  phenomenon,  al- 
ough  the  nerves  themselves  remain  uninjured  in  their  peripheral 
ttribution,  or  in  their  connection  with  each  other.  Thirdly,  if  there 
ite  any  peripheral  communication  between  nerves,  it  would  be 
mt  likely  to  take  place  in  the  plexuses.  Experiments,  however, 
on  the  nerves  which  lead  to  these  show  that  each  nerve-tube,  in  its 
isage  through  them,  retains  its  isolation  as  distinctly  as  in  any  other 
ft  of  its  course.  The  three  nerves  which  supply  the  lower  ex- 
mity  in  the  frog,  says  Muller,  form  a  plexus  from  which  two  nervous 
inks  issue :  if  one  of  these  latter  be  divided  and  isolated  from  all 
connections  with  muscles,  and  the  portion  of  it  connected  with  the 
!zus  irritated,  the  impression  will  be  transmitted  in  the  centripetal 
ection  by  the  sensitive  fibres  of  the  nerve  ;  but  the  motor  fibres  of 
*  other  nerve  arising  from  the  plexus  are  not  affected,  and  excite 
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no  contractions  in  the  muscles  to  which  they  are  distribnted.    [Bdft 
MulleTj  vol.  i.  p.  756.) 

In  applying  these  principles  to  the  explanation  of  the  instanea 
which  we  have  quoted,  we  shall  find  it  difficult  to  determine  Ik 
central  connection  in  some,  although  in  others  such  a  connection  ■ 
highly  probable.     It  remains,  therefore,  for  future  anatomical  reaetfck 
to  ascertain  what  that  connection  is  which  enables  one  nerre  to  fja- 
pathize  with  another.  '  In  the  instance  of  pain  in  the   shoulder  ii 
sympathy  with  irritation  of  the  liver,  the  hepatic  irritation  excites  i 
change  in  some  sensitive  nerves,  which  is  propagated  to  the  centre, 
and  there  affects  some  of  the  sentient  fibres  distributed  in  the  legifli 
of  the  shoulder.     The  phrenic  and  the  external  thoracic  nerves  IR 
both  or  either  of  them,  but  more  especially  the  former,  favooitblf 
situated  to  .constitute  the  excitant  of  such  a  sympathetic  senntioai 
The  phrenic  nerve  of  the  right  side  is  largely  distributed  upon  Ibe 
peritoneal  surface  of  the  diaphragm,  and  upon  the  inferior  venicmi 
and  forms  many  connections  with  the  hepatic  plexus  in  the  subilaiee 
of  the  liver.     It  may  therefore  readily  participate  in  any  irritatioa  of 
that  organ.     Now  the  phrenic  nerve  is  implanted  in  the  spinal  coid 
on  a  level  with  the  third  or  fourth  cervical  nerves;  and  the  nervciof 
the  shoulder  form  their  connection  with  this  central  organ  about  tk 
same  level.     The  origins  of  these  nerves  are  sufficiently  contigKOi 
to  each  other  to  warrant  the  belief  that  an  irritated  state  of  one  M^ 
be  propagated  to  the  other  through  the  vesicular  matter  of  the  centre. 
But  it  maybe  inquired  why  the  irritation  is  limited  to  sensitive  neriei 
of  the  shoulder;  and  why  movements  are  not  excited  by  the  stimolft- 
tion  of  the  motor  fibres  of  the  phrenic  itself,  or  of  other  nerves? 
The  limitation  of  the  irritation  to  one  or  two  nerves  depends  on  the 
degree  of  the  stimulus,  and  the  absence  of  movements  is  doe  to 
the  disposition  of  the  phrenic  on  the  surface  being  unfavourable  ibr 
the  excitation  of  motions  by  irritation  of  its  peripheral  branchei  (lee 
page  298).     And  the  experiment  cited  from  Muller,  in  the  last  pan- 
graph,  shows  that  simple  irritation  of  the  trunk  of  a  compound  nerve 
in  connection  with  the  centre  is  not  sufficient  to  produce  motion; 
which  requires  probably  either  a  more  prolonged  and  violent  i^^(^ 
tion  of  the  nerve,  or  a  polar  state  of  the  centre  in  which  it  is  im- 
planted. 

Some  of  the  instances  of  sympathetic  sensations,  referred  to  above, 
do  not  admit  of  an  explanation  so  obvious.  The  pain  over  the  brow, 
from  ice  or  cold  water  in  the  stomach,  may  be  referred  to  irritation 
of  the  gastric  branches  of  the  vagus,  communicated  in  the  medulla 
oblongata  to  the  fifth  ;  but  why  the  irritation  should  be  limited  to  the 
ophthalmic  division  of  the  fifth,  cannot  be  accounted  for  in  the  pr^ 
sent  state  of  our  knowledge. 

In  those  sympathetic  movements  which  are  of  ordinary  and  nor- 
mal occurrence,  two  provisions  seem  to  be  secured,  namely,  a  certain 
peripheral  organization  of  the  excitor  nerve,  and  a  certain  central 
relation  between  it  and  the  motor  nerve.  But  in  those  which  are  of 
a  morbid  kind,  it  is  necessary  to  suppose  the  existence  of  a  more  or 
less  exalted  polarity  of  the  centre,  in  order  to  explain  the  phenomena 
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iilly.  This  polar  state  will  contiaiie,  in  many  instances,  even  after 
he  primary  peripheral  irritation  has  been  removed,  as  in  tetanus,  or 
n  the  convulsions  from  intestinal  irritation ;  and  we  learn  from  this 
act  the  importance  in  practice  of  attending  to  the  state  of  the  nerv- 
Mia  centre,  as  well  as  to  the  removal  of  the  irritating  cause. 

There  are  other  sympathetic  phenomena,  of  the  physical  kind,  in 
vbich,  however,  the  nervous  system  does  not  appear  to  take  a  pro* 
Binent  part.  Such  are  the  changes  which  occur  in  different  and 
listant  organs  in  connection  with  a  particular  period  of  life,  or  the 
levelopment  of  a  particular  function.  Among  these,  are  the  pheno- 
nena  of  puberty  in  both  sexes;  the  enlargement  of  the  mammae  in 
3regnancy.  Whatever  part  the  nervous  system  may  take  in  such 
changes,  it  is  impossible  to  account  for  them  by  reference  to  that  sya- 
:em  only ;  they  must  rather  be  regarded  as  phenomena  of  nutrition 
l>ccurring  in  harmony  with  the  laws  of  growth,  and  therefore  affect- 
ine  the  vital  fluid  more  particularly  than  any  part  of  the  system  of 
solid  parts. 

Continuity  of  texture  disposes,  as  is  well  known,  to  the  extension 
of  a  diseased  state  originating  at  some  one  point.  So  also  does  con- 
Hgidty.  Phlegmonous  inflammation  of  the  areolar  tissue,  and  ery- 
sipelas in  the  skin,  spread  with  great  rapidity.  Inflammation  arising 
in  one  of  the  opposed  surfaces  of  a  serous  membrane,  readily  attacks 
the  other.  These  effects  have  been  vaguely  assigned  to  sympathy, 
{the  continuous  and  contiguous  sympathy  of  Hunter.)  But  it  cannot 
be  supposed,  that  the  nervous  system  takes  part  in  the  production  of 
such  phenomena,  which  ought  rather  to  be  ascribed,  in  the  one  case, 
to  the  continuity  of  blood-vessels, — and,  in  the  other,  to  contamina- 
tion either  by  effused  fluids  or  by  morbid  blood. 

On  the  SQbjecis  referred  to  in  this  chapter,  cansolt  Whjtt  on  the  8ympRthf  of  the 
Nerves,  an  admirable  expoiiiiion  of  the  phenomena,  obscured,  however,  bj  his  erro- 
Moaa  views  respecting  the  all-pervading  influence  of  the  mind^npon  vital  pheno- 
meDa;^-Hunier  on  the  Blood,  dtc.; — Alison  on  the  Physiological  Principle  of  dym- 
pathj,  Edin.  Med.  Chir.  Trans.,  vol.  ii.;— Muller's  Physioiogj. 


CHAPTER  XIII. 

OF  THE  PACINIAN  CORPUSCLES  OF  THE  NEHVES. 

We  propose  to  give  in  this  chapter  an  account  of  certain  very 
remarkable  structures,  appended  to  the  nerves,  to  which  attention 
has  only  very  recently  been  drawn  in  this  country.*  These  are  the 
Pacinian  corpuscles,  so  named  by  Henle  and  Kollikerf  from  their 

*  Brit  and  For.  Med.  Rev.,  Jan.  1845. 

t  Ueber  die  PacinischenKurperchen  an  dea  Nervcn  des  Menschen  undder  8.'iuge- 
Ihiere.    Zurich,  1814. 
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iliscorerer,  Pncmi.'*  In  the  human  subject  tbey  Rre  found  in  gmt 
numbers,  in  connection  with  the  nerves  of  the  hand  and  foot,  the 
nerves,  ns  it  may  be  presumed,  of  touch  ;  but  the^  also  exist  ipl^ 
ingly  on  other  spinal  nerves,  and  on  the  plexuses  of  the  symp>lfc»- 
tic,  though  never  on  the  nerves  of  motion.  In  the  meaenteiy  of  mM 
cats  they  are  very  readily  seen  by  the  naked  eye,  (usually  in  consider- 
able numbers,)  as  pellucid,  oval  grains,  rather  smaller  than  heap 
seeds,  and  they  are  here  very  favourably  situated  for  examinatiu. 


Fig.  74,  A,  B,  ivill  give  a  correct  idea  of  iheir  relation  to  the  nerni 
in  the  palm  and  sole.  They  are  especially  numerous  on  the  smrikf 
twigs,  to  which  they  are  generally  placed  parallel,  though  frequealtj 
at  an  acute,  and  sometimes  at  an  obtuse  angle.  They  are  more  or 
less  oval,  often  elongated  and  bent ;  sufficiently  tough  lo  resist  mode- 
rate pressure,  and  nearly  transparent,  with  a  whitish  line  traversing 
their  axis.  They  He  imbedded  in  the  arcoLir  tisi^ue,  and  adhere  toil 
by  their  outer  surface.  They  always  present  a  proximal  end,  attached 
to  the  nerve  by  a  slalk  of  fibrous  tissue,  prolonged  from  the  neuri- 
lemma, and  occasionally  tV  of  an  inch  long;  and  a  distal  end,  lying 
free  in  the  areolar  tissue.  The  corpuscles  in  the  human  subject  haw 
an  average  length  of  from  ^g  to  iV  of  an  inch. 

•  Pacini  tirat  noticed  ih*m  in  1830,  and  sul)spquem[y  in  ISBS;  anit  in  1840  ^nu 
account  of  Ihera  (Nuavi  orgini  scnpeni  del  carpo  umano  dal  Doti  fiilippo  Patiai. 
Pisiuja,  I84U),  wliich  has  been  rendered  mucli  mure  accurate  and  contpleic  in  lU  it- 
lail.i  hy  Henle  and  Kollitcrr.  Coming  to  the  inv«.vliEalion  iif  itiese  corpuscles  villi 
ihe  Itnowlrdge  or  what  these  eminent  anatomists  hid  accomplishrd,  we  have  coa- 
lirmed  iheir  results  by  numerous  observation*.  Troni  nhicli  (he  accouni  aboai  lobt 
^iven  has  been  principally  taken.  .\.  G.Andral,  Camus,  and  Lacroix  had  annouuctd 
their  cii.'ience  at  a  concoun  in  Paris  in  1833,  but  do  nut  appear  lo  have  apprebendtd 
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Fig.  76. 


BQtB  eiimnntioii  of  these  singular  bodicB  discloses  an  internal 
re  of  a  highly  interesting  kind.  They  consist,  first,  of  a  series 
ibtaaous  capsales,  from  thirty  to  sixty  or  more  in  namber,  en- 
one  within  the  other;  and,  secondly,  of  a  sinele  nerrous  fibre, 
ubnlar  kind  enclosed  in  the  stalk,  and  adrancing  to  the  central 
!,  which  it  traverses  from  end  to  end. 
eference  to  the  accompanying  figure  (76),  which  exhibits  the 

stmcture,  tbe  ten  oi  fifteen  innermost  capsules  may  be  ob- 
to  be  in  contact  with  one  another,  while  the  rest  are  separated 
•ar  space  containing  fluid.  Tbis  is  almost  constantly  obserred, 
the  specimen  has  been  allowed  to  imbibe  water  sufficient  to 

Ae  inner  capsules  from  each  other  ;  and  hence  these  have 
iadnguished  from  the  rest  as 
uK^inUmaleapiuUt.   The 
psnlar  spaces  between   the 

TBiy  in  width,  especially 
mssure,  and  sometimes  we 
ra  some  of  tbe  outer  capsules 
:  ooDtact.  The  capsules  are 
d  there  united  by  connecting 
of  similar  structure,  passing 
nely  or  obliquely  across  the 

the  spaces  do  not  commu- 
if  some  of  the  outercapsules 
etnred,  their  flaid  escapes; 
lewitfaiD  remain  distended. 
1e  puncture  down  to  the 
•ries  of  capsules  causes  all 
d  to  escape,  and  Ibe  whole 
pae;  and  again,  the  capsules 

often  peeled  off  in  succes-* 
owing  their  union  to  be  but 

In  »ct,  except  by  the  few 
dready  mentioned,  they  are 
inly  along  the  slalk,  and  for 
ble  extent  at  the  opposite 
be  stalk  seems  to  be  ifiserted 
tisd  of  conical  tube,  which 
tea  alt  the  capsules  in  suc- 

bat  has  its  proper  wall,  so   < 

to  communicate  with  the 
•alar  spaces.  This  wall 
a    the    capsules,    and    the 

tiaue  of  the  stallc  is  gradu-  "■I"  '"^"•j"  """  "".  """"""^  ■. 
Aed  with  its  inner  surrace  ih«nh>aia<iii>whiu"iuiuii.nc"BiiriMnM™ii« 
1  the  central  capsule,  where  tx"S^\\ui.%^'SXf^mtS;.""'*  "  " 
iites.     There  is  generally  a 

<nion  between  a  variable  number  of  the  capsules,  as  we  trace 
HB  the  apposite  end  of  the  central  capsule  towards  tbe  surface 

B,  o);  this  was  called  by  Pacini  the  intereaptular  liganuTU, 
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We  do  not,  with  Henle  and  Kolliker,  deny  iti  rtirtftiftf,  bat  bifc 
seldom  seen  it  reath  the  surftce  of  the  corpuscle. 

The  wall  of  the  capsules  of  the  external  syatem  i^en  iyp»«J 
consist  of  two  laminee.    The  inner  of  these  contailM,  at  laMn^ 
flattish,  oval  nuclei  projecting  inwards  (fig.  76|  a,  d).    The  win 
sometimes  seen,  as  if  in  section,  by  a  series  of  dotS|^  reprcMil 
transverse  or  circular  fibres.    The  capsules  always  exhibit  a  iuim 
transverse  fibrillation,  which  in  a  great  measure  disappeais  «jt| 
addition  of  acetic  acid,  showing  the  almost  complete  abseDecofil 
yellow  fibrous  tissue.     The  outermost  capsule  of  all,  boweTOi  i| 
invested  with  the  network  of  this,  as  well  as  of  the  white  fibroaitliK 
ment  of  the  areolar  tissue.     The  internal  capsules  do  not  shov  tl 
double  wall,  but  they  contain  nuclei. 

The  capsules  seem  to  be  over-distended  by  their  flaid,  so  aslitl 
naturally  kept  tense.  If  allowed  to  dry,  they  do  not  fill  agMi  ■ 
being  moistened. 

The  fluid  of  the  intercapsular  spaces  is  so  abundant  as  to  eaiAil 
far  the  largest  portion  of  ihe  bulk  of  the  entire  corpnsele,  sod  Iff  Jk 
clearness  imparts  the  peculiar  pellucid  lustre  so  characteriatio  of  IIM 
bodies.     It  is  supposed  to  resemble  the  serum  of  the  blood. 

There  are  generally  a  few  capillary  blood-vessels  raagiog  ow.li 
surface  of  the  capsules;  but  the  corpuscles  are  chiefly  suppliadlf  I 
minute  artery  that  enters  in  the  fibrous  tissue  of  the  stalk,  seaii^ll 
a  few  capillaries  which  perforate  the  tubular  canal,  and  fbcm  caAl 
short  loop  in  the  intercapsular  spaces  (fig.  76):  one  capillaiy  ntA 
usually  reaches  the  central  capsule  (fig.  76,  a),  and  sometimes,  fts^ 
rarely,  may  be  traced  some  way  along  its  wall.  In  the  laiger  W 
puscles  of  the  palm  and  sole,  the  capillaries  penetrate  to  the  diiil 
part  of  some  of  the  intercapsular  spaces,  and  may  there  form  a  kU 
of  bunch  before  returning.  If  a  quite  recent  specimen  be  tnaffr^ 
under  a  high  magnifying  power,  the  blood-globules  are  often  fiaUl. 
in  the  capillaries,  and,  by  their  swelling  on  the  addition  of  vMi 
may  be  sometimes  hurried  into  a  sort  of  circulation.  When  ii 
happens,  the  course  of  the  blood  in  the  corpuscles  is  displayed  vilk 
singular  beauty. 

We  have  said  that  the  stalk  of  every  corpuscle  contains  a  u^ 
nerve-tube.  When  two  corpuscles  are. seated  on  a  common  ttwi 
two  nerve-tubes  are  included,  one  of  which  belongs  to  eadi  (i( 
74,  c). 

The  nerve-tube  is  proportioned  in  size  to  that  of  the  coipaiclii 
that  is,  to  the  number  of  capsules  composing  it.  Even  when  smatterti 
it  is  conspicuous  enough,  if  the  specimen  be  recent;  for  it  is  invirii" 
bly  furnished  with  the  white  substance  of  Schwann,  and  displajsAi 
double  contour.  When  largest,  it  equals  any  found  in  the  body.  K 
is  very  liable  to  present  varicosities,  and  its  course  in  the  stalk  ii 
more  or  less  undulating. 

On  entering  the  innermost  capsule,  the  nerve-tube  suddenly  bitt 
its  envelop  of  white  substance  and  becomes  pale;  the  axis-cyliaikr 
alone  remaining,  perhaps  still  invested  by  the  tubular  membrane  (nt 
p.  194).    Thus  reduced  in  size  and  rendered  pale,  the  nerve  streCcktf 
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ow  along  the  y^rj  centre  of  the  capsular  cavity  to  the 
id,  where  it  swells  into  a  knob,  or  button,  which  fixes 
•  inner  surface  of  the  capsule.  In  this  swelling  nothing 
eted  beyond  the  pale,  faintly  fibrous  character  of  the  asift- 
No  nucleus,  like 

caudate  nerre-  Fi(,7S. 

ID    be    seen. — 

the  axis-cylin- 

near  its  terrai' 
:wo  or  even  into 
ebea,  each  of 
nates  by  an  ad- 
Uen  extremity, 
this  division  oc- 
e  proximal  end 
-al  capsule,  and 
branches  passes 
ide  course  into 
«  oflset  from  ihe 
ity,  and  there 
fig.  74,  d).  In 
r  these  varieties 
«  constant,  viz., 
(able    accuracy 

the  pale  nerve 
Mtb  in  the  axis 
Ity,  everywhere 
mm  the  walls. 
t  apparent  when 
bent  upon  itself, 
might  be  imag- 
■e  nerve  would 

the  centre  to- 
tODcavity  of  Ihe 
:  keeps  a  central 

aa  well  as  else- 
la,  perhaps,  may 

the  nature  of 
t  of  the  central 
tediately  envel- 
lie  nerve.  Near 
■  the  cavity  an  J^Jlt^ 
of  soft,  delicate, 

fibres,  with  elongnted  nuclei,  is  often  visible  (fig,  76,  a}  ; 
h  the  space  immediately  surrounding  the  nerve  is  quite 

we  are  disposed  to  cnnsider  the  substance  occupying  it 
•olid  to  keep  the  nerve  in  its  place.     It  does  not  seem  to 
d,  like  that  distending  the  intercapsular  spaces. 
1  Kolliker  have  remarked,  that,  where  two  corpuscles  are' 
ecession  on  a  single  stalk  (fig.  74,  e),  the  pale  axis-cylin- 


mint  p«l( 


or  llM  (lllk,  ud  taamewmmnt  at  Hit 
-.  Stne-nU  •diueUalo  lb*  >«<ini 
iddMly  iMiu  ill  wtiH*  n 
a.  Anarj  «r'- 


'uBW  sunta.    t.  CiHii- 
Ik;  tka  Abien*  liMae  oi 


■he  (iinli'T  «na. 

1h*  inKrtioii  at  ■onii  i 

il[ilIe>ppariiedrniiD; 

Jm  ■urSceT  , 


iL  u  ba  llEd  bjr  ■ 


timiaam  m  tiltja  way  lovaraa 
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(ler  regains  its  envelop  of  white  substance  from  its  point  of  letfitf 
the  central  cavity  of  the  first,  to  its  entering  that  of  the  second;  m 
that  in  some  'cases,  where  the  central  cavity  is  bent  saddenljips 
itself,  so  that  it  cannot  be  fairly  surrounded  by  capsules  at  the  hm^ 
it  is  there  provided  for  a  little  way  with  white  substance.    Aiw 
delicate  layer  of  the  same  substance,  just  thick  enough  to  give  idn 
edge,  occurs  occasionally  along  the  course  of  the  pale  fibre. 
We  have  gone  thus  minutely  into  the  structure  of  the 
corpuscles,  because  of  the  novel  aspect  in  which  they  piesnt  it 
constituent  parts  of  the  nerve-tube,  placed  in  the  heart  of  a  sfrim 
of  concentric  membranous  capsules  with  intervening  floidi  aod  t 
vested  of  that  layer  which  we  regard  as  an  isolator  and  proteelorrf 
the  more  potential  central  axis  within.     The  object  of  this  anM|B* 
ment  is  quite  unknown,  and  in  the  present  uncertain  state  of 
knowledge  respecting  the  nature  of  the  nervous  force,  it  seems 
idle  to  hazard  guesses  on  the  subject.     The  apparatus  of 
may  either  efiect  some  change  in  the  enclosed  nerve,  by  which  lb 
nervous  centres  in  connection  with  it  may  be  influenced  as  to  lUi 
polarity ;  or,  on  the  other  hand,  this  apparatus  may  be  the  ipMil 
instrument  of  some  peculiar  vital  agency,  which  the  nerrooa  filiMit 
is  designed  simply  to  bring  into  communication  with  the  uuw 
system.     The  latter  view,  to  which  we  incline,  would  bring  Ika 
organs  under  the  same  categor}'  with  muscles,  and  the  organs  wkick 
develop  light  or  electricity  in  certain  of  the  lower  aDimaTs.    Ftda 
has  already  drawn  a  comparison,  in  point  of  structure,  between  tkei 
and  the  electrical  organs  of  the  torpedo ;  and  Henle  and  KollilRi 
favour  this  idea.     The  well-known  prisms  of  the  electrical  orpHi 
according  to  Savi,*  consist  of  a  congeries  of  very  delicate  trantvene 
lamellae,  on  which  the  nerve-tubes  are  distributed  in  a  plexiba 
manner;  and,  if  we  may  judge  from  his  figure,  this  plexus  iiMt 
resolvable  into  loops,  but  consists  of  true  inosculations  of  the  nhiBNtt 
tubes,  which  also  retain  the  white  substance  of  Schwann:  butfiutktf 
researches  are  greatly  needed  on  this   point.     Wagner,  with  note 
probability,  describes  the  nerves  to  terminate  on  the  lamellc  iilk 
same  looplike  manner  as  in  striped   muscle.f     These  laroelte  vt 
separated  by  fluid,  and  only  adhere  through  the  medium  of  tbevill 
of  the  prism.     If  this  be  the  true  history  of  this  structure,  it  appwi 
to  establish  some  general  analogy  between  the  electrical  organs  vi 
the  corpuscles ;  but  how  far  this  can  be  shown  to  hold  in  esseotiil 
characters,  especially  in  the  mode  of  termination  of  the  nerves,  iwl 
their  arrangement  with  regard  to  the  membranes  and  fluid,  is  st'iD  i 
matter  of  doubt.     Meanwhile  we  deem  it  most  prudent  to  fofbcv 
from  speculating  concerning  the  oflice  of  the 'Pacinian  corpuscles. 


Having  thus  far  completed  the  physiological  anatomy  and  pkj* 
siology  of  nerves  in  general  and  nervous  centres,  we  proceed  seit 

*  Paul  8a vi,  in  Matteocci,  )oc.  cit. 

t  Comparative  Anal.,  translated  by  Talk. 


others,  we  prefer  to  consider  these  particular  fibres  along 
other  nerves  of  pure  sense,  namely,  the  olfactory,  the  optic, 
laditory.  As  the  peculiar  function  of  these  nerves  depends 
eir  peripheral  organization,  as  well  as  on  their  central  con- 
their  physiological  anatomy  inyolyes  necessarily  that  of  the 
f  sense.  We  shall  commence  with  the  most  simple,  namely, 
md  Taste,  and  afterwards  proceed  to  Smell,  Vision,  and 

econd  class  of  nerves  contains  the  third,  fourth,  sixth,  portio 
he  seventh,  and  the  ninth  pairs  of  nerves  according  to  Willis's 
lent,  all  of  which  are  motor  in  function, 
third  class  we  place  the  fifth  and  eighth  pairs  of  nerves,  and 
il  nerves. 
',  we  shall  examine  the  Sympathetic  nerve. 


CHAPTER  XIV. 


mUfARKS  ON   SENSATION. — OF  THE  SPECIAL  SENSES.— OF  THE 


:  OF  TOUCH. — ANATOMY  OF  THE  SKIN,  AND  ITS  APPENDAGES. 

TioN  is  an  affection  of  the  mind  occasioned  by  an  impression 
I  certain  parts  of  the  nervous  system,  hence  called  sensitive. 
of  the  sensitive  organs,  and  a  corresponding  perception  by 
I,  must  concur  to  produce  sensation:  either  condition  may 
ne,  but  then  the  phenomenon  is  not  a  true  sensation,  in  the 
ion  here  given  to  the  word.  Thus,  light  falling  on  the  eye 
excites  the  whole  visual  sensitive  apparatus,  while  the  organ 
ption  is  inactive:  on  the  other  hand,  in  dreams,  vivid  pictures 
ts  float  before  the  mind«  and  are  referred  bv  it  to  the  external 
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tbeiir  ill-defined  limits.  The  peripheral  parte  are  more  conapicfioiilf 
placed,  and  on  several  accounts  are  commonly  MtjltA^  por  fHK^JBmfk 
the  organs  of  sensation :  they  are  specially  adapt^  to  receive  is  Itl 
most  adyantageous  manner  the  impressions  to  which  theif  eJipi^iUh 
is  adapted  to  req>ond.  The  intervening  nerves  a^,  more  pnp0f 
speaking,  media  of  transmission. 

Sensations  excited  by  a  stimulus  originatiog  in  the  body  ikdll 
especially  if  it  act  rather  on  the  intermediate  or  ceDiral  pirt  of  th 
sensitive  apparatus  than  on  the  peripheral,  are  termed  iiiijNdiHiil 
the  other  hand,  they  are  styled  objective  if  the  stimulus  be  derivii 
from  without. 

Under  the  name  of  common  or  general  sentibUUy  may  be  iadaU 
a  variety  of  internal  sensations,  ministering  for  the  most  part  te  A| 
organic  functions  and  to  the  conservation  of  the  body.    Moit  |Hll 
of  the  frame  have  their  several  feelings  of  comfort  and  plcas«%4 
discomfort  and  pain.     In  many  of  the  more  deeply  seated  oi]^m  K 
strong  sensation  is  ever  excited,  except  in  the  form  of  ptUi^Vi 
warning  of  an  unnatural  condition.  The  internal  sensations  of  wmA 
and  cbillness,  of  hunger,  thirst,  and  their  opposites,  of  mmwib^ 
repletion  of  the  alimentary  and  genito-urinary  organsf  and  of  tbenlrf 
succeeding  their  evacuation,  of  the  privation  of  air,  |tc»,  wilb  Al 
bodily  feelings  attending  strongly  excited  passions  and  emotioos^  W 
be  mentioneu  among  the  principal  varieties  of  common  sensation. 

The  special  sensations  are  referable  to  five  leading  forms,  and  M 
distinguished  not  less  by  their  several  modes  or  characters,  than  hf 
the  more  special  and  elaborate  construction  of  the  peripheral  parts  of 
their  respective  organs,  whereby  these  are  adapted  to  receive  tk 
impressions  of  their  appropriate  stimuli.  The  special  sensations  ex- 
cited through  the  instrumentality  of  the  peripheral  organs  of  lMKft» 
taste^  smelly  vision^  and  hearings  are  primarily  designed  to  inform  At 
mind  of  the  conditions  of  the  external  world  ;  and  it  is  for  the  moit 
part  only  in  a  secondary  manner,  or  through  the  mind,  that  thqr  ope- 
rate on  the  organic  functions,  or  for  the  construction  of  the  body. 

Almost  all  sensation  is  attended  with  the  idea  of  locality,  the  niad 
referring  the  cause  of  the  change  it  experiences  to  the  peripheral  part 
of  the  sensitive  apparatus  excited.  Thus  the  ideas  of  distance,  ex- 
tent, and  relative  position  originate  in  the  very  construction  of  osr 
bodies,  and  soon  become  applied  to  the  material  objects  around  us  by 
the  comparison  of  the  impressions  on  our  difierent  organs,  and  their 
several  parts,  with  one  another.  The  abstract  idea  of  space  is  i 
further  conception  of  the  mind. 


OF  TOUCH. 

This  is  the  simplest  and  most  rudimentary  of  all  the  special  senses, 
and  may  be  considered  as  an  exalted  form  of  common  sensation,  frosi 
which  it  rises,  by  imperceptible  gradations,  to  its  state  of  hidMl 
development  in  some  particular  parts.  It  has  its  seat  in  the  whole  of 
the  skin,  and  in  certain  mucous  membranes,  as  that  of  the  au>iidi| 
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1  is  therefore  the  sense  .most  generally  difiused  oyer  the  body.  It 
dao  that  which  exists  most  extensively  in  the  animal  kingdom ; 
iDgy  probably,  never  absent  in  any  species.  It  is,  besides,  the 
diest  called  into  operation,  and  the  least  complicated  in  its  im« 
aanons  and  mechanism.  On  these  accounts  it  will  be  the  first 
Bated  of. 

The  nerves  of  touch  are  the  same,  or  at  least  are  derived  from  the 
me  part  of  the  cerebro-spinal  centre  as  those  of  common  sensation. 
|wj  are  the  posterior  roots  of  the  spinal  nerves,  and  some  fibres  of 
^  eip[hth  and  fifth  encephalic  nerves.  The  peripheral  organ  of  touch 
I  which  they  are  distributed  is  a  tissue  everywhere  difiused  over  the 
ndeat  surface,  but  which  in  most  situations  is  elevated  into  papillae 
MR  or  less  distinct  from  one  another,  and  closely  set,  according  to 
ll.  tictile  power.  The  nerves  of  touch  are  remarkable  for  the 
paglia  which  are  formed  upon  them  on  their  emergence  from  the 
mlebral  canal,  and  for  the  subsequent  admixture  with  most  of  them 
if  nerves  of  motion.  In  these  respects  they  difier  from  those  of  the 
i^n  special  senses,  except  taste,  which  ranks  next  to  touch  in  the 
Viending  scale. 

In  aacordance  with  our  general  plan,  we  shall  commence  with  an 
pstomical  description  of  the  skin,  which  is  the  principaK  seat  of 
Mch  ;  and  it  will  be  convenient  to  include  with  it  an  account  of  the 
irious  glands  and  appendages  found  in  connection  with  this  organ, 
hsCher  they  have  any  relation  to  the  sense  in  question  or  not.  We 
est  premise,  however,  that  this  external  integument  is  a  part  only 

*  a  great  physiological  system,  which  comprehends  also  the  mucous 
embranes,  and  the  true  or  secreting  glands;  all  of  which,  taken 
gether,  and  reduced  to  their  most  simple  expression,  are  a  continuous 
Mibraoe,  more  or  less  involuted,  more  or  less  modified  in  the 
Hpentary  tissue  which  compose  it  or  are  in  connection  with  it,  and 
ithio  which  all  the  rest  of  the  animal  is  contained.  This  expanse 
uista  of  two  elements ;  a  basement  tissue  composed  of  simple  mem- 
sue,  uninterrupted,  homogeneous,  and  transparent,  covered  by  an 
itteK«ro,  or  pavement,  of  nucleated  particles.  Underneath  the 
sement  membrane  vessels,  nerves,  and  areolar  tissue  are  placed 
.68). 

The  sense  of  touch  exists  only  in  those  regions  of  this  great  sys« 

•  which  are  exposed  to  the  contact  of  foreign  bodies,  and  where 
is  essential  to  the  comfort  or  preservation  of  the  animal  that  the 
eacnce  and  qualities  of  external  objects  should  be  perceived, 
lese  regions,  however,  demand  a  greater  protection,  for  the  same 
MOD ;  and  hence  it  happens  that  the  development  of  this  sense 
foand  to  be  generally  accompanied  with  the  most  remarkable  in- 
me  and  transformation  of  the  epithelial  element,  and  of  the  areolar 
•ae  lying  under  the  basement  membrane.  In  the  skin  the  thick 
d  hard  epithelium  is  termed  ciUicle  or  epidermis^  and  the  dense  and 
mttA  areolar  tissue  constitutes  by  far  the  largest  proportion  of  the 
lis  dnvM,  or  aUis  vera. 

Tke  external  surface  of  the  skin,  foriped  by  the  cuticle,  (which 
uymhtrt  adapts  itself  to  the  form  of  the  surface  on  which  it  rests,} 
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11  mirind  bj  fimovi  of  Tarious  kinds.  Some  or  these  (furtnws  ei 
notun).  oeetipj  Ike  neighbtiurhood  of  joints,  especially  on  iheiidtai 
flexion,  ud  ire  genenlly  transverse,  Tacilitating  the  [brmatiun  mi 
determiuiagthepMkionofthe  folds  (hat  result  from  themoveniMtior 
one  ■ignwnt.itfa  limb  or  another.  Others  correBpond  to  the  inscflico 
of  cutueDua  muscles ;  for  exnmple,  many  of  those  which  give  (otH 
and  ehaneter  to  the  fCatares;  and  these  are  much  modified  bjr i^ 
quantity  of' fubjaoont  ft t  The  elevator  muscle  of  the  lower  lip  Iku 
cauata  Uw**dooble  chin."  Furrows  of  another  kind  are  Km  in 
and  and  emeiatad  persons,  and  after  the  subsidence  of  an^gmt 
dtatenaoB  of  tbe  ute^ment,  such  as  that  occasioned  by  snaweiK 
pregnancy.  Bd(,  besidea  these  coarser  lines,  almost  ereryputtf 
tbe  skin  la  grooved  by  numberless  very  minute  furrows,  which,  in  lb 
more  highlj  developed  regions,  run  in  nearly  parallel  curved  iino, 
and  elsawbcre  assume  a  stellated  arrangement,  or  from  a  close  iile- 
liiecmeBt  of  no  regular  figure.  Those  lines  are  imporlani,  u  ibij 
depend  upon  peeubaritiei  m  ihe  texture  of  the  skin,  having  particuk 
relation  to  the  senae  of  touch :  they  may  be  hest  studied  on  the  palau 
aspect  of  tbe  hand  and  fingers,  and  on  the  sole  of  the  fool.  Ill 
outer  soriwa  of  the  skin  likewise  presents  innumerable  pom, tkc 
oiiGees  of  the  sebaceont  follicles  and  sudoriferous  ducts;  aodlbt 
various  nodiGoationa  of  tbe  epiderrain,  termed  "  appendages  of  Ibt 
akin,"  aa  burs,  nails,  ko,,  all  project  on  the  same  aspect. 

The  Ay  wriim  irf  the  skin  is  formed  by  (he  cutis,  or  cutis  ml, 
and  is  attached  to  tbe  parts  which  it  invests  by  an  extension  of  iIk 
areolai  tiaaoe,  of  wbicb  it  is  itself  principally  composed,  as  vtll » 
by  veasela,*  nervea,  and  sometimes  muscular  fibres,  passing  into  ill 
substance  firom  the  subjacent  region.  It  is  on  this  surface  thil  Hit 
sweat-glands  rest;  they  are  imbedded  in  it  more  or  less  deq)ly,«- 
eording  to  their  size,  and  the  length  of  their  excreting  duci»;  ivl 
together  with  the  httj  pellets,  so  abundant  in  most  parts  of  the  nI>* 
cutaneous  fascia,  occasioo  that  nreolar  or  cribriform  appearance  i^icb 
is  aeen  on  this  aspect  of  a  cleanly  dissected  portion  of  iniegumral. 
In  preparing  such  a  specimen,  it  is  at  once  made  evident,  boverct 
great  tbe  difference  may  seem  to  be  between  tbe  dense  and  deitt]' 
woven  texture  of  the  cutis  and  the  lax  fascia  to  which  it  own  iH 
mobility  on  subjacent  oi^ns,  that  Ihese  tissues  blend  insensiblj  I" 

?>ther,  and  are  not  separated  from  one  another  by  any  abrupt  limit- 
heir  ultimate  texture  is,  indeed,  essentially  tbe  same,  liwwrt* 
boundary  we  assign  to  the  skin  in  this  direction  is  in  some  MMM 
artificial.     Its  precise  nature  will  be  seen  by  conaidering  tbe* 

BUimaU  stnuture  of  the  Cutit.—Tbt  white  and  jellaw  Bin* 
elements  of  tbe  areolar  tissue  are  both  much  asodifiaa,  to  «0MMJWi 
the  Aamework  of  this  layer;  and  in  different  parts  of  th*'  rida^K 
might  be  expected,  they  exist  in  different  proportion*,  and  UsM* 
variety  of  arrangement.  These  varieties  are  not  yet  ■«)•  Mfr'h 
all  Ibeir  particulars ;  but  we  believe  we  may  stale  in  geiiMtlt^A 
where  great  extensibility,  with  elasticity,  is  reouired,  tba  dHrielb- 
ment  predominates  (as  in  the  akin  of  ^e  axilla);  and  tbat  wtac, 
OB  the  contrary,  resistance  is  demanded,  tbe  cutis  ia  ohiaflycaapsiid 


I  paiallel  with  the  general  surface.  They  are  more  or  less 
shaped,  and  vary  in  size  not  only  with  the  region  of  the  skia 
they  ire  examined,  but  according  to  their  immediate  relation 
:  andorific  ducts,  and  of  other  cutaneous  appendages  which 
tbetD.  This  element  of  the  cutis  can  be  easily  studied  on 
ical  slices,  moistened  with  acetic  acid,  which  acts  on  other 
aving  it  entire,  and,  as  it  were,  isolated.  (Fig.  77.) 
bick  and  abundant  fibres  of 
r  tiement  twine  in  great  pro-  Fig-  TT. 

inong  the  interstices  just 
d,  but  what  their  precise 
>nL^  are  it  is  diflBcult  to  de< 
They  accompany  all  the 
isselsand  nerves,  and  invest 
ral  small  glands  with  a  loose 


jdatine,  which  may  be  ob- 
I  considerable  quantity  from 
,  ifl  derived  from  this  latter 
he  cutis,  and  it  is  probably 
lent  also  which  is  principally 
id  in  the  changes  the  skin 
n  during  the  process  of  tanning.  The  varieties  in  the  quali- 
diflerent  skins  for  this  purpose  might  be  explained  by  a 
B  to  those  two  varying  elements  of  their  fibrous  framework, 
luseum  of  King's  College  is  a  specimen  of  excellent  leather 
rom  the  skin  of  Bishop,  one  of  the  murderers  of  the  Italian 
o  fell  a  victim  to  the  infamous  system  of  *'  Burking"  many 
lee. 

anatomists  have  thought  that  the  contractility  of  the  skin, 
ed  under  the  influence  of  cold,  and  even  under  certain  emo- 
due  to  the  existence  of  peculiar  fibres;  and  Gerber  has  very 
fiffured  what  he  considers  to  be  such  fibres.     He  describes 


inmvATiov. 


of  tbff  nathefl,  wd  di«  ibaein  oT  fat.     It  is  probable,  also,  tbat  iht  1 
B  <^  "tnedoK"  «f  ^  nipple  is  due  to  the  contnctioDif  1 


liniUr  fibn*.    {Cj/elef.  sfAt^  and  Pkys.,  vol.  iii.  p.  518.) 


The  tbicknen  ud  ikwrth  vt  the  mlis,  or  areolar  framfvmtk  <j 
<Af  iMi,  dUci  grwtl J  io  dnmit  parts  according  to  the  amoaator 
rMlitMae  rwyww<  acvait  iatental  or  external  pressure.  On  the 
binder  mdbM  of  the  bsdj  it  ii  denser  than  in  front,  and  on  th«  ontc 
thu  w  Ae  baw  audbeee  of  the  limbs.  It  is  usually  thin  over  th« 
flesnne  of  tbe  joiatK^  It  ii  piiticularly  delicate  on  the  eyelids,  ni 
pnporiiooiteb  as  in  ll»e  <rtber  situations,  where  great  niobiJityii 
deiiHded.  U  Itgloiis  vbieh  ere  most  subject  to  external  pr«>uK, 
U  tbe  aolce  of  the  wet,  it  if  finily  united  by  very  dense  lamii]S,t(i 
the  nbentaMeoae  ftecie ;  end  the  intervals  between  these  are  prondcd 
wiA  pellet!  of  ftt,  £DrwBg  ■  eoihion,  as  an  additional  means  of  pm- 
tectioD  to  the  de^cite  orgins  it  encloses  and  covers. 

Among  (he  lower  animals  we  may  notice  numberless  examplti  of 
■n  uialt^aa  Idod.  One  of  tbe  most  striking  is  that  of  the  grw 
whelea,  which,  being  liable  to  enormous  pressure  on  the  surfan  of 
theif  bodies,  tnm  tlw  medinm  in  which  they  live,  are  provided  viik 
a  cntia  of  aztieordinuy  toughness  and  density,  as  welt  as  vilh  i 
gmwtk  of  Mbeateheooi  bt,  called  blabber,  of  prodigious  tbicknen- 

Fat  oeeora  reiy  generally  in  the  subcutaneous  areolar  tissue,  sririif 
u  a  JOfi-bAd  oB  which  the  din  nay  rest,  and  giving  roondnen  tnd 
■jmmetry,to  &•  ovtUne  of  ^e  body. 

It  ii  ea  the  exterior  anriaee  Df  the  cutis  that  the  lactiU  p^k 
are  dentoped;  and  it  ia  here  to  be  remarked  that  there  is  no  dscm- 
stiT  relation  between  the  degree  of  their  development,  and  of  ib>t 
either  of  the  dermoid  ftamework  which  supports,  or  the  cuiiclewbich 
eoven  them.  It  ia  tnie  that  io  the  palm  and  sole  all  these  stiain  * 
\»tge  nae,  but,  in  ttte  back,  the  tactile  organ  is  weli-nigh  abseni, 
though  the  entla  is  dense;  and  in  the  tongue,  on  the  contrary,  ihii 
organ  ia.  hi^y  developed,  wbib  the  areolar  framework  is  noibing 
iBore  than  a  rei;  A\n  expenaion  ;  and  the  investment  of  cuticle  is  u 
thin  that  tbe  pa^ltt  form  separate  iproMctioaa  Iroaa  tbe  ■■«&■■,  Oi 
the  bnoeal  an^ee  of  tbe  lips  and  cbeeka,  too,  the  caticlo  is  coBfH* 
tirelj  this. 

In  all  parts  of  the  cutaneous  surface,  as  well  aa  in  aoow  portias 
of  the  internal  mucons  tracts,  eommom  tauaHom  eziato,  attended  witt 
a  feeble  discriminating  power,  which  mast  be  regarded  na  tbe  hwtt 
condition  of  the  sense  of  touch;  hot  tbe  organ  peenliariy  fitted  fit 
reoeivins  tactile  inpreanona  ia  concentrated  in  a  rtrj  remaikaUt 
manner  in  certain  portions  of  tbe  integument,  which  is  oUier  w specif 
whether  from  Ute  precise  and  varied  morementa  tbej  can  peifhia, 
or  from  tbeir  peculiar  position,  are  tbe  best  adapted  to  be  uleti  if 
this  kind  of  aensation.  Tbe  palmar  aurfhee  of  the  band  nod  fingeOi 
or  the  sole  of  the  fiwt,  may  be  seleated  for  deseriptioa,  aa  piuainltag 
the  nott  highly  developed  form  of  the  organ  of  toneb. 

The  integument  in  these  regions  is  finely  and  regnlarlj  faitowsl 
by  gRMFCs,  separated  from  one  snother  by  eorreeponding  lidgK 
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Fig.  78. 


rection  of  tbeae  grooves  and  ridges  is  THrioas;  they  ran  in 
ig  curves,  frequentlj'  branch  to  adapt  tbemselTes  to  the  ine* 
s  of  the  general  surface,  and  differ 
lat  in  width  and  distiactness. 
liaes  indicate  (he  arrangement  and 
Hnent  of  the  tactile  organ  below. 
idge  is  produced  by  a  single  or 
row  of  elongated  conical  processes, 
papillv,  projecting  from  the  aur- 
the  cutis  into  the  epidermis.  The 
I  are  occasioned  by  the  epidermia 
in  to  occupy  the  intervals  between 
s  of  papille.  The  papille  in  each 
t  usually  arranged  in  pairs,  the 
Is  between  which  are  indicated  on 
!r  surface  by  corresponding  minute 
ly  shallow  grooves,  crossing  the 
the  ridges  more  or  less  at  right 
Each  pair  ofpapillse  thus  occu- 
ittle  division  of  the  ridge.  In  the 
erf  each  cross  line,  between  the  -  ^^  ^^^^^ 

r  papillv,  is  observed  the  orifice    SST"^ imIt t^wn Siki ^ 
rcat-duct  (shortly  to  be  noticed),   ^'ol'^iftS^jSJfSuMVSiim. 
iften  is  ao  large  as  to  destroy  the 
buacter  of  the  cross  groove.    In  a  square  inch  of  the  palm 

Fig.7». 
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me  may  generally  count  ralber  more  than  forty  rows  of  popilla, 
in  each  row  rather  more  than  sixty  pairs  of  them. 

In  the  n^itural  state  ihe  papillie  are  intimately  united  at  all  poinlitll 
,  their  surface  lo  the  epidermis  which  invests  ihem.  By  a  sligbimw 
s  union  may  be  so  loosened  that  the  two  structures  ini;fb 
readily  separated  from  one  another.  In  grndually  tearing  ofTlhttl*' 
dermis,  the  foregoing  aci:oQnt  of  the  arrangement  of  the  papilliToi] 
be  fully  verified  with  the  aid  of  a  pocket  lens.  They  are  stente 
form  a  close  pile  on  the  surface  of  the  chorion,  each  one  being  lodH 
in  a  separate  cavity  in  the  deep  surface  of  the  cuticle.  The  p«imlt 
are  no)  equal  in  size,  but  frequently  a  small  one  is  joined  with  ilir|l 
one :  and  the  clefts  left  between  ihem,  by  the  removal  of  the  epiJfroM^ 
are  unequal  likewise;  those  between  the  rows  being  deepeti,*ai 
those  between  the  individuals  of  a  pair  being  commonly  shMloftf 
ihan  those  between  the  pairs.  This  subordination  corresponds  (ihMJfc 
not  acnurately  in  degree)  with  that  of  the  grooves  on  the  outer  sHrtat 
of  the  CuUcle,  where  the  shallow  intervals  between  the  itiditiilutll 
a  pair  are  not  even  vitibli 


at  all,  being  lost  by  the  ihiA' 
ness  of  the  superimposril  nik" 
stance.  Such  is  ihc  rxartWB 
of  the  impression  or  mouliM 
the  papillary  structure  wbid 
the  under  surface  of  the  ^ 
dermis  presents,  that  it  fi■^ 
nishes  an  excellent  test  of  lb( 
amount  and  compHcHlion  o( 
Ihe  former  structure  in  i^ 
ferent  regions  of  the  iltin. 
This  will  be  seen  by  eompir' 
ing  figs.  79  nnd  80 ;  the  lilKr 
tiBaeftofiiwe  or  tlM  fuiiBie,  ftom  ibe  1b!i:-ii.    of  whlch,  taken  from  the  co- 

•talJ  cnuciDT  rurrouri.    V  shallow  dsprmiioni  lot     ..    ■        i-  .1       ■  .    .k. 

lapapriiirriiruriurs,  c.  Epiihfjinnctriiuiadfeniui    ttcle  of  the  leg,  represent!  tu 

j^  com-pondins  lo .!»«  lu  Be.  Td.-Mw-  »   shsllow  depressions inio  whiek 

Ihe  few  dwarf  papillary  elen- 

ions  of  the  cutis  in  that  part  have  been  received.     The  gradalioW 

r  of  size  in  Ihe  papillary  structure  can  be  everywhere  admirably  Xitcti 

'  in  this  way  ;  and  will  be  found  to  correspond  accurately  with  the  K- 

count  of  the  relative  aculeness  of  the  sense  of  touch   in  differrtl 

'  parts,  deduced  from  experiments,  which  will  be  subsequently  ^iTeo- 

The  papillie  are  of  an  average  length,  in  man,  of  tsb  of  an  tneh; 

I  at  their  base,  where  they  spring  from  the  cutis,  they  measure  aboul 

L  tis  of  an  inch  in  diameter,  and  they  taper  ofl"  to  a  slightly  rounded 

9  point.     They  are  semi-transparent  and  flexible  ;  but  sufficiently  firm 

I  in  texture  to  resist  maceralion  long,  and  not  readily  lo  admit  of  being 

[  dSlached  from  the  cutis.    Viewed,  when  fresh,  with  a  high  microscopic 

i  power,  their  outline  is  delinite  and  sharp,  and  there  is  good  reason  10 

I  suppose  it  formed  of  an   unbroken  expansion  of  the  bomoKeoeoU 

basement  membrane  already  spoken  of.     Within  this  it  is  difi  " 

distinguish  any  special  tissue,  except  by  artificial  modes  of  p  ~ 
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I.    A  fibroas  ctracture,  however,  is  ip-  Fif.8i. 

eat,  hiTiBg  B  more  or  leas  vertical  ar* 
gmeat:  and  widi  the  help  of  solution  of 
■a,  filaroenls  of  extreme  delicflcy,  which 
■  to  be  of  the  elastic  kiod,  are  generallv 
aonraUe  in  it.  Injeclion  of  the  blood- 
Kk  demonatrates  the  existence  of  a  Bmall 
sal  twig  derived  from  the  arterial  plexas  PapinBarib*p>ha.it>*<«iicir 
keeutu,  entering  at  the  base,  advancing  Sf^Jl^""'"^"^  ^ 
the  interior  of  the  papilln,  and  subdi- 

Bg  into  two  or  more  eapUlary  vtudi,  arcnrding  to  the  size  of  the 
inlar  orsan.  These,  after  forming  small  loops,  reunite  either  at 
Mse  of  the  papilla,  or  ia  the  subjacent  texture,  into  amal)  veins, 
:h  cDtpty  their  blood  into  the  venous  plexus  of  the  cutis.  The 
Ibriei  of  the  smaller  papills  frequently  join  with  those  of  the  fat- 
tin  that  lie  beneath.  The  vascularity  of  the  papille  is  such,  that 
:  presence  and  relative  size  may  he 
rmined   simply  by  the   depth  of  the  Fig.  8S. 

or  imparted  to  a  portion  of  skin  by  a  .-^ 

t  injection  of  its  vessels.  The  vascu- 
r  of  the  integument  is  therefore,  in 
nl  trnns,  proportioned  to  its  perfection 
I  o^n  of  touch. 

■ce  the  discovery  of  the  papille  u 
■anient  organs,  the  existence  of  nerve* 
ia  them  has  been  usually  taken  for 
ted,  or  they  have  been  loosely  styled 

aaoDs  of  the  nerves;  and  to  the  gene-      .  . , .„     ,. 

i«tfa  of  such  statements  we  may  readily  ™wi"'  ""^"■s"''"  "  *•- 
it.     fint  we  have  reason  to  doubt  the 

laej  of  some  recent  writers,  who  have  professed  to  give  minute 
ib  of  the  mode  of  termination  of  the  nervous  tubules  in  the 
Bb.  The  subject  is  difficult  of  investigation.  According  to 
t  Bnrdach  {Beitrag  zut  Mikrotkop.  Anat.  der  Jfrrvtn:  Konigsb. 
%  isd  others,  the  nerves  are  arranged  in  a  plexifortD  manner 
T  the  akin  of  the  frog,  and  loops  are  formed  by  the  union  of 
les  from  neighbouring  branches.  On  examination  ve  find  this 
ripHon  correct  as  far  as  it  goes,  but  that  it  does  not  carry  us  to  the 
lury  structure.  The  plexus  in  question  is  situated  underneath 
ipwiNon  of  fibres  crossing  each  other  at  right  angles,  which  is 
'  placed  beneath  the  true  skin,  and  separable  from  it ;  and  we 

ohserTed  single  tubules  from  the  plexus  penetrating  this  expan- 
iD  their  course  to  the  skin.  They  have  then  been  Tost  to  view, 
have  hardly  been  more  fortunate  in  discovering  the  true  lermina- 
of  tbe  nerves  in  the  nictitating  membrane  of  the  eye  in  the  snme 
al,  or  in  the  papillary  tissue  so  largely  developed  on  the  thumb 
eertab  season. 

oar  •Itempts  to  fijilow  the  nerves  for  any  distance  under  the 
hry  structure  in  the  higher  animals,  the  fibrous  tissue  (and  espe- 
r  the  elastic  variety),  forming  the  cutis,  has  been  found  so  much 
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to  impede  the  view,  that  no  satisfactory  conclusion  b»a  b(S 
at.  in  regard  to  their  presence  in  the  papilla?  tbemsGlvu,w 
affirm  thnt  we  have  distinctly  (raced  solitary  tubules  ascending) 
the  other  tissues  of  the  papillie  about  half-way  to  llieir  sunnu 
then  becoming  lost  to  sight,  either  hji 
Fig.  S3.  ending,  or  else  by  losing  the  whilesub 

of  Schwann,  which  alone  enables  us 
linguish  them  in  such  situations  iiaii 
textures.  Thin  vertical  seclinnn  of  p4 
fresh  specimens  are  essential  for  this  i 
gation,  and  the  observer  should  Ir] 
them  (he  several  effects  of  acetic  k 
solution  of  potass.  In  thus  describ' 
nerves  of  the  papills  from  our  own  ol 
tions,  we  do  not  deny  the  existence 
loop-like  terminations  as  figured  bj 
speclable  an  aulhority  as'  Gerber,  H 
Jlnalomy,  translated  by  GuUiver,]  bi 
(her  do  we  feel  entitled  to  assent  to  i 
have  in  numerous  instances  failed  to 
any  nerves  at  all  within  the  papiil* 
such  were  plainly  visible  at  their  b» 
when,  consequently,  the  chemical 
employed  could  scarcely  have  de 
their  characteristic  structure,  bad  lh< 
present.  We  incline  to  the  belief  I 
tubules  either  entirely  or  in  a  grcali 
lose  the  white  substance  when  «il 
papillae.  We  would,  however,  re 
reader  to  what  will  he  found  respeci 
nerves  of  the  papilla  of  the  tongiM 
chapter  on  taste. 

The  essential  (issue  of  the  papil 
bably  exists  even  where  no  projeclio 
enough  to  be  called  papillw  are 
These  portions  of  the  skin  are  more 
supplied  wilh  nerves;  and  it  is  i 
from  this  circumstance,  as  well  as  f 
ciiiu-  periments afterwards  to  be  detailed, 
J5f|.'  individual  nervous  (ubules  are  wid 
iV»'»Bii*rfloi»i'"''ror«  mm  ■nJ  der,  and  occupy  each  a  more  e 
f^outil  d.  swcn-RiHui.iyingin    sutface  than  in  parts  Ibickly  set  i 

K'&CbUSx.rs.?.','';'  piiiiB. 

s»;?-isijis:  sTd'as;;.'    ■r*"  "■«''>,  ■"  <pii«™is,  dig.  83 

Ihe  cutis,  vanes  greatly  in  lis  It 
.As  its  chief  use  is  that  of  affording  protection,  it  attains  oaosl 
on  parts  most  exposed  to  pressure  and  friction,  as  the  sole 
feet  and  ihe  palms  of  the  hands,  fn  the  same  parts,  too, 
with  the  amount  of  pressure  to  which  it  is  subjectctl  at  diff 
whence  the  hard  hands  of  Ihe  artizan,  compared  with  tf " 
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spmt  their  time  in  gentler  occupations.  This  increase  in 
probably  results  from  the  mechanical  stimulus  applied  to 
aries  of  the  part.  But,  in  whatever  manner  it  may  admit 
Blion,  there  is  scarcely  a  more  striking  instance  of  that  io- 
ver  ffhich  the  body  possesses  of  adapting  itself  to  Taried 
ircumstances,  than  this  one  presented  by  the  human  cuticle, 
vestment  is  not  permeated  by  either  vessels  or  nerves,  hut 
mlely  of  a  congeries  of  nucleated   particles,  arranged  in 

superimposed  lamins,  and  united  together  by  an  interven- 
nce  in  very  small  quantity.  Those  particles  that  lie  deep- 
«st  immediately  on  the  cutis,  are  little  more  than  small 
scattered  in  a  homogeneous  matrix,  which  serves  to  unite 
iher.  Those  of  the  next  layers  are  rounded  cells,  consist- 
ansparent  membrane,  in  which  similar  granules,  but  snme- 
•r  in  size,  are  visible.  In  the  succeeding  layers  these  cells 
ind  more  compressed  as 
tarer  to  the  .surface  ;  and  .  ig.  B*. 

face  they  are  so  flatten- 
eir  opposite  surfaces  are 
t,  and  adhere,  forming 
s,  in  which  the  nucleus 

The  diameter  of  the 
:les  is  about  j^^^^  inch, 
e   superficial  oaes  j^ 

o«  that  the  superficial 

being  continually  shed 
imelliform  masses,  and 
eot  that  their  loss  is 
om  below  ;  hence  new 
lust  be  constantly  pro- 
he  deepest  layers,  and 
uninterrupted  advance, 

series  of  changes,  till 
■t  off  from  the  surface.* 
iges  are  not  confined  to 
^ ;  the  lamina;  they  first 
oist,  and  comparatirely 
at  like  a  Cushion  on  the 

(itive  surface  to  which    , . 

lapted,  and  whose  ves-    cenWJiiau'^^^i^S^wiS^  uiim:  *. 

the  materials  for  their    ^'^^:'^„  „,.„^  ,.^„  ^  ,^.  ^  ,4,^ 
Dt.    The  more  external    jj"i"  ■™j",'"  "P'""'"'*  '■  ">»••  Mont- 
lard,  horny,  and  much      **" 
wann  has  also  pointed  out  that  their  chemical  properties  be- 

tle  of  rrpiiles  and  imptiibia  is  prrinilicBllj  cbrI  off  :n  a  more  or  le** 
■ew  oor  beinf!  pre«ioD!i|f  rorincd  briiHib  il.  In  Rmphibis  the  cpidef-- 
led;  ihe  scbIck  ailhrrinf!  loonc  anolher  bf  their  edges,  aod  beioft  ORuaUj 
A  limilar  tcd^tit,  or  shrJding,  occars  in  Ihe  larva  itaie  of  ioiecUs  and 
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came mndified  ;  that  at  first  they  aro  soluble,  but  anerwirdsti 
I  in  acelic  acid ;  nnd  this  rircumslance  nf  a  chemical  change  occumn^i  I 
the  stages  of  their  dcrebpment  seems  (o  lis  so  imporlant  that  Wf  ihll 


\  ill. 


t  bj;  1 


,  fig- 81, 


III  the  for 


T  the  K 
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liition  nf  potass  is  shown:  the  layer  of  cells  immeilwlrlj 
resting  on  the  basement  membrane,  together  with  the  more  siipo- 
ficial  scales,  is  hut  sligbilyor  not  at  nil  ilissiilved  ;  while  several  inttr- 
mediale  layers  are  swollen  and  rendereil  very  transparent, hara^l"' 
their  nuclei.  The  abruptness  o(  the  change  is  reinarkahle,  iinil  cM- 
tinnes  af^er  the  whole  specimen  is  saturated.  In  the  latter  tignn  ■ 
stronger  solution  has  been  employed  ;  the  deep  layer  is  dissolwJ.l]! 
the  superficial  scales  are  still  unaffected,  while  the  intermediate  piiiii 
reduced  to  a  semi-fluid  mass,  in  which  scarcely  any  vestige  of  stn* 
ture  remains.  It  is  very  possible  thai  other  agents  might  Jisrfw 
further  varieties  of  chemical  constitution  in  smaller  subdiviaiouof 
the  culiciilnr  lamellae. 

These  facts  will  go  far  to  explain  why  it  happens  Ihnf  the  niuti 
between  the  particles  composing  the  same  layer  is  in  general  unit 
intimate  than  thai  belween  different  layers,  so  that  it  is  not  dilW 
to  divide  the  cuticle  into  two,  three,  or  more  lamtnx  ;  anil,  in  pMO- 
cular,  why  it  is  easy,  at  a  certain  stage  of  maceration,  to  separalelh 
harder  from  the  Roller  layers,  an  J  thus  to  isolate  the  structure  ternd 
"  rete  Malpighii,"  This  is  nothing  more  than  the  deepest,  or  mo* 
recently  formed,  part  of  the  cuticle.  When  isolated,  it  presenliJ^ 
pressions,  or  sometimes  complete  apertures,  which  have  been  ocnipri 
by  the  projecting  papillse;  and  hence  the  term  rele.  When  apcriottt 
exisl,  the  culicle  on  the  top  of  the  papilla*  has  been  detached  wiihtlB 
outer  hard  layer,  and  that  in  contact  with  and  encircling  ibcirbuB 
remains  by  itself. 

In  the  coloured  races  of  mankind,  there  is,  at  first  sigbt.MU 
ground  for  supposing  the  rele  Malpighii  lo  be  a  structure  diitinS 
from  the  other  layers  of  the  cuticle,  the  colouring  matter  being  foniJ 
to  reside  chiefly  in  this  part.  However  various  in  quantity  anilhoti 
the  colouring  raatler  always  consists  of  oblong  or  oval  grain*  of  tt- 
treme  mimityness,  (ibJbb  of  an  inch  in  iheir  long  diameter,]  ind 
occupying  ihe  inti-tior  of  some  of  the  epidermic  particles.  In  lit 
tipgro  it  is  ncrumulaled  in  enormous  qoin- 
Fis-85.  tity,  and    completely  envelops  the  nutlri 

immediately  resting  on  the  cu'is.  Oo  K- 
amining  a  vertical  seciion  of  the  wbol* 
cuticle,  we  find  Ihe  colouring  roaiter  p*- 
ihially  diminishing  as  we  approach  iht 
surface  ;  and  it  is  most  clear  Ihal  there  is 
no  true  line  of  demarkation  between  llw 
te'"  "",."'',""7',"'  ".J""!!!.",  two  portions.  We  may  observe  the  colour 
»,r:..".i.iiihifbiTi-*fi.|:iiwnii.i  of  ilie  rcte  mucns\im  deeper  at  points ;  >■>! 
fon">riiy'«Ki'-ainiirii-»iif  in  iha  a  greater  proporiionale  depth  of  colotir  U 
«h...cu<».-iif»o><i»»<iiu..-  traceable  over  such  points,  through  ■lltlw 
layers,  as  far  as  the  surface:  we  may  em 
discern  a  Fort  of  stream  of  coloured  grains  advancing  tawnrJs  the 
surface.    Hence  there  can  be  little  doubt  that  Ihe  decrease  oLcotour 


NAILS  AND  HAIRS.  363 

I  the  superficial  laminae  is  due  to  that  chemical  change  which  has 
■t  been  described  as  gradually  taking  place  in  the  interior  of  the 
pideriuic  particles.  As  it  is  not  alwnys  easy  in  this  country  to  obtain 
leciroens  of  the  negro's  skin,  the  above  facts  may  be  verified  in  the 
lift  of  coloured  domestic  animals,  or,  less  satisfactorily,  in  that  of 
HDe  portions  of  the  skin  of  the  white  race,  as  that  of  the  scrotum, 
f  the  nipple  during  pregnancy;  or  of  accidental  moles,  or  freckles.* 
\t  bronzing  of  parts  exposed  to  the  sun  is  effected  by  a  similar 
epmit  of  colouring  matter  in  the  deeper  lamina;  of  the  cuticle. 

The  subject  here  referred  to  has  been  invested  with  additional 
itcrest  by  its  supposed  bearing  on  the  warmly  debated  question  of 
«  itpecific  difference  of  the  nt-gro  from  the  white  man.  We  need 
)t  inquire  how  far  the  existence  of  a  distinct  cuticular  lamina  might 
rail  the  advocates  of  such  a  difference,  for  we  may  freely  state  our 
eviction  that  no  such  peculiar  layer  exists.  The  sole  variety  is  in 
e  presence  of  pigment — which  may  occur,  partially,  under  many 
icumstances  in  the  white  races,  and  may  be  wanting  in  the  true 
fgro.  (See  Dr.  Prickardy  Jiatural  History  of  Man,)  The  reader  of 
e  preceding  paragraphs  will  understand  how  little  such  processes  as 
Iteration,  and  even  the  most  delicate  dissection  by  the  naked  eye, 
A  with  ordinary  instruments,  are  to  be  depended  on  for  the  deter- 
iiiation  simply  of  the  anatomical  fact. 

ThenotV^  and  hairs  are  peculiar  modifications  of  the  epidermis,  and 
■rist  essentially  of  nucleated  particles. 
The  nails  are  flattened,  elastic,  horny, 
ilfctive  coverings,  placed  on  the  dorsal 
rftce  of  the  terminal  phalanges  of  the 
ads  and  feet,  and  projecting  beyond  the 
lb.  Hoofs,  claws,  &c.,  are  varieties 
tbem.  The  nail  has  a  rooty  or  part 
icealed  within  a  fold  of  the  cutis ;  a 
Fy,  or  exposed  part  attached  to  the  sur- 
e  of  the  cutis  ;  and  a  free  or  projecting 
«.  The  cutis  underneath  the  root  and 
ly  is  termed  the  matrix^  from  its  being 

producins;  organ  of  the  nail.     This  is      section  or  the  nKin  on  the  emiof 

and   highly  vascular,  and   its    colour     detached irom the cuUiaaUmairix,*: 

•een  through    the   transparent   tissue. 

ar  the  root  it  is  white,  and  occasions  the  appearance  termed  lunula, 
e  nail  has  a  firm  adhesion  to  the  matrix,  and  is  moulded  upon  it, 
e  the  epidermis  in  other  situations.  The  true  epidermis  (as  dis- 
guished  from  the  nail),  is  continuous  with  the  nail  at  the  whole 
rumference  of  its  body ;  the  root  dips  into  the  fold  of  cutis,  within 
rpiderm's,  and  the  free  edge  projects  beyond  it.  In  the  advanced 
us  we  find  the  edge  of  the  nail  to  be  directly  continuous  with  the 
dermis  of  the  end  of  the  finger,  and  only  to  become  free  by  a 
itare  of  this  connection  aOer  birth.  Thus  the  nail  covers  that 
lion  of  cutis  which  is  without  cuticle.  It  has  been  frequently 
Cttssed  whether  the  cuticle  is  continued  over  and  under  the  nail ; 

Dr.  Simon  of  Berlin  has  ably  investigated  this  part  of  the  snbjfct— MQIIer^ 
biv.  1840. 
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stiTface  of  lll« 
correspondinf 
These  soft  un 
of  ihe  deep  1; 


I  Ale  body  ;  as  t 
l-lbc  free  edge,  i 


but  Ihis  is  n  queslion  of  words  only,  Ihe  nail  being  Ihe  same  esseniiil 
alrucliire  as  the  cuticle.  The  border  of  the  root  of  ihe  nail  is  jaaeed, 
thin,  and  sofi,  and  consists  of  newly  formed  substances;  ibe  dwp 
body  is  also  soft,  and  marked  by  longitudinal  groovtt, 
lo  ibe  papillary  ndges  on  the  surface  of  the  tnalric 
ItT-parts  consist  of  nucleated  particles,  similar  to  Ihost 
yers  of  the  epidermis.  The  more  superficial  luraine  nT 
more  and  more  dense  and  fibrous;  but  when  Irealeil  «i4 
some  imperfect  (races  of  nuclei  may  still  be  delrdedtB 
nail  grows  both  at  ihe  root  and  on  ihe  deep  surface oT 
e  substance  furnished  by  (he  root  adFances  towird* 
receives  accessions  from  the  surface  of  the  malril. 
id  on  a!l  parts  of  the  surface,  except  the  palms  of  (lie 
lies  of  Ihe  feet,  and  dill'er  much  in  length,  thicktira, 
ur,  according  to  situation,  age,  sex,  family,  or  nee. 
me  of  average  size  for  a  description  of  their  slruclaW 
and  mode  of  growth.  The  shop  of  lie 
hair  is  thai  pan  which  is  fully  formed, ud 
which  projecls  beyond  the  surface.  T»fr 
ing  this  into  (he  skin,  we  find  it  Iodg«4li 
afollicular  involmionof  the  basement nifo 
brane  {fig.  87,  a),  which  usually  p3S»t» 
through  the  cutis  into  the  subculannui 
areolar  tissue.  This  hair-follicle  is  bii&im 
at  its  deepest  part,  like  the  hair  vhirh  i: 
contains.  lis  sides  have  a  cuticular  iiniof, 
6,  continuous  with  the  epidermis,  anil  R- 
semhiing  the  cuticle  in  the  rotmJedfon 
of  its  deep  cells,  and  the  scaly  chandR 
of  the  more  superficial  ones,  which  lit 
here  in  contact  with  the  ouiside  of  (he  hiffi 
c.  The  hair  grows  from  the  boUom  oflfe* 
follicle,  and  the  cells  of  Ihe  deepest  stn- 
turn  there  resitng  on  the  basemrnl  inra- 
brane  are  very  similar  to  (hose  whicfc  i" 
^  other  parls  are  (ransformed  inio  scale  *f 
■.  cuiicle.  A  gradual  enlargement  oeMniii> 
g  these  cells  as  ihey  mount  in  Ihe  soft  l«ft 
*_  of  (he  hair,  which,  indeed,  owes  its  mm^ 
^  this  circumstance.  If  the  hair  is  lob* 
I-  coloured,  the  pigment  grains  are  slsoliW 
J  developed — for  ihe  most  part  in  scail«f<^ 
°  cells,  which  may  send  out  radiating  ffo- 
'  cesses — at  olher  times,  in  a  dilTused  oaa- 
i.  ner  around  the  nuclei  of  the  celts  gcnrnllj. 
'!  It  frequently  happens  (hat  the  cells  in  if 
I",  axis  of  the  bulk  become  loaded  wilh  IHf 
"  ment  a(  one  period,  and  not  Btanolber;M 
i<  thai,  as  they  pass  upwards  in  Ibe  shift,* 
^    dark  central  Iract  is  produced  of  greattf  w 
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lb,  often  only  in  irregular  patches,  and  the  hair  appears  here 
i  to  be  tubular,  e.  The  shaft  is  much  narrower  than  the  bulb, 
oduced  by  the  rather  abrupt  condensation  and  elongation  into 
es  of  the  cells,  both  of  those  which  contain  pigment  and 
ich  do  not.  These  fibres  may  be  demonstrated  by  simply 
small  fragments  of  hair,  but  they  become  more  conspicuous 
tissue  is  softened  by  a  strong  acid.  The  granules  of  pigment 
I  linear  arrangement  between  the  fibres,  which  are  firmly 
to  a  solid  rod  by  a  material  similar,  it  may  be  supposed,  to 
ih  cements  the  scales  of  the  cuticle. 

ntral  series  of  cells  just  mentioned,  when  filled  with  pigment, 
s  disposed  to  become  fibrous  than  those  around  ;  and  some 
ave  described  itias  a  meduUay  , 


Fig.sa 


ition  from  the  fibrous  part  of 
,  which  they  then  term  cortex, 
tubular  character,  however 
in  the  hair  of  many  animals, 
triable  in  human  hair,  both  in 
situations,  and  in  the  same 
lififerent  points  of  its  length, 
e  seen  very  well  by  means  of 
t  sections  (fig.  88,  a,  6).* 
man  hair  has  a  proper  bark, 
formed  in  the  following  way. 
layer  of  the  cells  immediately 
ng  those  about  to  form  the 
isae  of  the  shaft  are  seen  near 
n  of  the  follicle  to  assume  an 
d  arrangement  (fig.  87.  c), 
aally  to  mount  on  the  hair, 
;  more  compressed  against  it 
ascent,  until  they  form  upon 

B   A    thin   tran^narpnt    rnlniir-        *•  Trwiirewe  tection  of  a  hair  of  the 
B  H  inin  iranspareni   coiour-    ^^^  .howinir  the  rzMrior  eonex,  the 

in  which  the    overlapping  of    «broa»  ti»»ue  wiih  ii»  waitered  pigroeni, 

,,     .  ...         I  •[  r      p.         and  a  central  space  filled  wtth  ptgmem. 

Ite   cells  IS   Still   exhibited  by     b.  a  •Imilar  eecimn  of  a  hair,  at  a  point 

nd  exceedingly  fine  sinuous   .'xu^xlT-.'TiS'.'ii.adJiiiteltHS: 

s(fig.88,rf,  d').  The  fibrous  i!ro?thrirrx?i;:.?r;:&i';rgi:^^frf 

ind    this    peculiar    cortex    to-  **»«  pigment  in  the  fibrous  part.    d.  Sot- 

,  ■       I.    r       r  Ai-      I     *  fat^r.  sliowing  the  sinoous  trausTerse  lines 

mpOSe   tne    Shait   or    the  nair.  foriDedbyibee<l^sofihe  conical  scales. 

.ami;...i«1   ^w^^mf^A^^a.    ^f  fm^^U  rf'.  A  poTUon  of  the  margin,  showing  their 

ootinual  emergence  ot  fresh    irabrication.  aisgn.  lao  diam. 

>f  the  shaft  from  the  follicle, 

I  of  the  cuticular  lining  of  the  latter  are  apt  to  be  drawn  up 

er*e  sections  of  extreme  thinness  may  be  raade  by  fixing  a  lock  of  hair 
0  pieces  of  card  or  wood  in  a  vice,  and  then  shaving  it  with  a  razor.  lb 
■Is,  as  the  horse  and  dog.  the  hairs  are  tubalar.  In  others  they  present  a 
es  of  cells,  roand  or  compressed,  with  or  without  pigment,  as  in  the  cat 
In  others,  again,  their  external  surface  is  regularly  marked  by  annular. 
Den  toothed  projections, as  in  the  Indian  bat:  and  numerous  other  varieties 
lamerated.  The  quills  of  the  porcupine,  and  the  feathers  of  birds,  are 
w  of  the  epidermic  tissue,  and,  in  their  essential  characters,  are  cloiely 
Ifs.    See  Bask,  in  Microsc  JoumaL 
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upon  the  hair,  nideJ,  probably,  in  thts,  by  the  imbrication  of  itsitt 
face,  aiid  are  uften  Ibuiid  clinging  around  it  for  some  WRy;  but  ibij 
are  not  to  be  regardeil  as  any  |iarl  of  the  hair  itself. 

In  the  larger  haira  there  ia  usually  a  double  series  of  these  imbii* 
cated  cortical  scales;  the  outer  having  its  teeth  interlocked  wirh  itiou 
of  the  inner,  but  apparently  but  loosely  ndherent  lo  them.  Thii 
outer  series  seems  to  be  intermediate  between  the  true  cortex  and  ibt 
uuticle  of  the  follicle,  and  to  belong  rather  lo  the  latter,  since  i<  duet 
not  appear  upon  the  extended  portion  of  the  hair.  The  cortex  u 
much  denser  than  even  the  fibrous  part  of  the  hair,  and  is  less  idfi 
upon  by  strong  solution  of  potass. 

From  the  preceding  description  it  will  be  evident  that  the  fibrow 
part  of  the  hair  is  a  peculiar  development  of  the  cuticular  cdb 
resting  on  (he  bottom  of  the  follicle,  thai  ihe  iinbricated  cortci  ii 
formed  by  a  single  series  difTorcntly  developed  at  the  circumreienet 
of  these,  and  that  beyond  this  series  comes  the  cuticular  linin;,'  of  itie 
follicle  ;  so  that  the  hair  is  neither  covered  nor  underlaid  by  coliclr, 
but  it  is  in  fact  the  modified  cuticle  of  the  bottom  of  Ibc  follicle.  A 
thin  layer  of  papillary  tissue  probably  coats  the  bottom  of  Ihe  follicW 
in  most  cases;  and  where  the  hairs  are  large,  and  especially  whm 
they  serve  principally  as  tactile  organs,  there  may  be  a  prnjectioDof 
a  true  papilla,  furnished  with  nerves  and  capillaries,  into  the  bulbef 
the  hair,  as  is  very  conspicuous  in  the  whiskers  of  some  aninmliud 
in  the  quills  of  the  porcupine  An  approach  to  this  papillary  pro- 
jeclion  may  be  frequently  seen  in  the  hairs  of  man;  but  its  real  tin 
appears  to  have  been  much  overrated,  from  Ihe  basement  memhrMt 
having  been  overlooked.  Where  a  papilla  exists,  the  basement  mem- 
hranc  is  of  course  continued  over  it,  and  separates  it  from  the  mit 
hair,  which  is  never  penetrated  by  either  vessels  nr  nerves. 

The  sebaceous  ghnds  of  the  skin  very  generally  open  into  the  bait 
follicles  at  a  short  distance  from  the  surface. 

The  hair  follicle  is  fixed  more  or  less  firmly  in  its  place,  according 
lo  the  size  and  slifTness  of  Ihe  hair,  by  the  dermoid  and  subdenaoid 
tissues  uniting  intimately  with  it  on  its  deep  or  convex  surface,  where 
also  are  spread  out  the  capillary  vessels  which  furnish  the  msteriilf 
of  growth.  These  latter  are  adapted  in  number  to  the  dimeinioiu 
of  the  follicle. 

Thus  the  hairs,  like  the  cuticle,  are  beautifully  organized,  ini 
maintain  a  vital,  though  not  a  vascular,  connection  with  the  bodj. 
Some  evidence  of  their  retaining  a  degree  of  vitality  is  found  in  Ott 
fact,  first  pointed  out  by  Maiidl,  and  verified  in  some  insisn^etb]' 
ourselves,  that  hairs  have  a  tendency  to  become  poinit^d  after  bavin; 
been  cut  short  off.  The  process  is  very  slow,  and  seems  to  consist 
in  a  further  condensation  and  elongation  of  the  eleineotary  cells  U 
Ihe  new  extremity. 

Well-aiilhenticaled  instances  have  occurred,  in  which  the  hair  h» 
grown  white  in  a  single  night,  from  the  sudden  influence  of  same 
depressing  passion  ;  and  some  have  held  this  circuinslance 
(hal  iluids  circulate  through  them.  It  seems  most  probable 
phenomenon  results  from  the  secretion,  at  the  bulb,  of 
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erbaps  an  acid,  as  Vauquelin  supposes — which  percolates  the  tissue 
f  the  hair,  and  chemically  dtstroys  the  colouring  matter.  The 
tdinary  gray  hairs  of  age  resemble  other  hairs  in  every  respect  but 
clour,  and  the  process  of  change  from  dark  to  gray  seems  to  take 
»hce  rapidly  in  each  individual  hair. 

According  to  Vauquelin,  the  colour  of  hair  depends  on  the  pre- 
tence of  a  peculiar  oil,  which  is  of  a  sepia  tint  in  dark  hair,  blood- 
red  in  red  hair,  and  yellowish  in  fair  hair.  When  extracted,  as  it 
may  be  by  alcohol  or  aether,  the  hair  is  left  of  a  grayish  yellow.  The 
colour  is  destroyed  by  chlorine,  and  probably  otherwise  resembles 
closely  that  of  the  cuticle  in  the  dark  races.  The  substance  of  hairs 
is  similar  in  chemical  composition  to  that  of  horn.  After  being 
softened  by  maceration  in  cold  nitric  acid,  it  is  soluble  in  boiling 
viter,  and  the  solution  after  evaporation  becomes  a  gelatinous  mass 
OB  cooling.  The  horny  matter  is  said  to  be  distinguishable  from 
coagulated  albumen  or  fibrine  by  its  being  readily  soluble  in  caustic 
iied  alkalies,  but  not  in  caustic  ammonia.  The  ashes  of  hair  amount, 
according  to  Vauquelin,  to  one  and  a  half  per  cent,  of  its  weight ; 
aad  contain  oxide  of  iron,  a  trace  of  oxide  of  manganese,  of  sulphate, 
pliosphate,  and  carbonate  of  lime,  and  of  silica.  Black  hair  contains 
■ost  iron,  and  light  hair  least.  {Baly^s  Mailer^  p.  424-5,  quoted 
bm  Berzelius.) 

Hairs,  when  dry  and  warm,  are  easily  rendered  electrical.  They 
mdiiy  attract  moisture  from  the  atmosphere,  and  no  doubt  from  the 
kody  also,  yielding  it  again  by  evaporation,  if  the  air  be  dry.  When 
■cist,  they  elongate  considerably ;  a  property  which  Saussure  took 
idvantage  of  in  the  construction  of  his  hygrometer,  in  which  a  human 
lair,  by  its  elongation  and  shortening  in  moisture  and  dryness,  is  made 

0  tarn  a  delicate  index. 

The  shape  of  the  hairs  in  different  situations  oSers  some  variety. 
D  general  they  taper  towards  their  free  end.  Those  of  the  head  are 
Aen  not  cylindrical,  but  compressed  on  one  or  both  sides,  so  that 
lieir  transverse  section  is  reniform  or  oval.  The  eyebrows  and  eye- 
ishes  taper  towards  both  extremities.  JIairs  also  vary  in  being  lank 
r  woolly,  permanent  or  deciduous.     The  frizzled  hair  of  the  negro 

1  one  of  his  most  remarkable  characteristics,  but  has  all  the  essential 
tructural  characters  of  the  hairs  of  the  other  races. 

The  diseased  condition  called  plica  Polonica  is  a  matting  together 
f  the  hairs  from  the  effusion  of  a  glutinous  matter  probably  from  the 
ataneous  glands.  It  is  said  that  hairs  so  aifected  bleed,  if  cut  close  to 
le  skin.  This,  if  true,  may  result  from  a  morbid  elongation  of  the 
ascular  papillae  at  their  roots.  In  the  whiskers  of  large  animals 
lese  papillae  are  so  long  that  they  are  cut  and  bleed  if  the  whiskers 
re  shaved  oflT. 

In  some  regions  of  the  skin  it  appears  certain  that  a  lymphatic  net- 
york  exists  immediately  under  the  surface  of  the  cutis,  probably 
nder  its  basement  membrane.  Mercury  injected  into  this  network 
brough  a  puncture  in  the  cuticle  passes  readily  into  the  neigbour- 
ig  lymphatic  trunks,  and  removal  of  the  cuticle  does  not  injure  its 
leshes.     These  circumstances  may  be  observed  in  the  penis,  scro- 
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turn,  and  n'pple  ;  but  it  is  probable  that  llie  network  someliroes  «- 
hibiteJ  by  his  procedure  in  oiher  parts  of  the  skin,  is  a  falladoM 
appearance  due  lo  the  mercury  having  Insinuated  itself  belneen lb 
cutis  and  cuticle,  in  the  furrows  at  the  base  of  the  papillary  struclurt; 
for  it  does  not  find  its  Wciy  into  the  lympbalic  trunks,  and  is  deranged 
by  a  complete  separation  of  the  cuticle.  {Ct/cl.  nf.'inat.  and Fkjp.; 
art.  Lacteal  and  Lymphatic  System:  by  Mr,  Lane,) 

The  noeat-glajKls  exist  under  almost  every  part  cf  the  culanteu 
surface.  They  lie  in  small  pits  (fig.  83,  d)  on  the  deep  aspect  A 
the  cutis ;  or,  if  large,  entirely  in  the  subcutaneous  fascia.  As  Ufoit 
mentioned,  their  orifices  are  discernible  in  the  middle  of  ihe  r«ii 
grooves  that  intersect  the  ridges  of  papillae  on  Ihe  hands  anil  (trl 
Here  Iheir  arrangement  is  necessarily  regullt, 
Fig.  69.  and  (hi'ir  size  is  about  (hat  of  a  pin's  beail. 

I  other  parts  they  are  irregularlj  jc* 
lered,  though  in  general  in  pretty  equal  aiufi-  I 
r  areas  of  the  same  dimensions.  U  I 
certain  situations,  however,  they  are  Ttij  ' 
large;  and,  as  might  be  expected,  we  SaJ 
»nIVw'ri-(i"wi.Vitie'«V»B';  'heir  size  and  iiumber  in  difierent  districtsot 
— o.  Lnyrr  o^f  giifiAi  »iih^ihi;ir  the  skin  to  corrcspottd  with  the  amounl  of 
cuijcie,  c.  snwii'  hair,  rf,  d.  perspiralion  aflbrded  by  each.  Thiu,  llwj 
Miigo."o'ne"aiiii«2SrdiMii"'~  are  nowhere  so  remarkable,  or  so  easijjet- 
amined,  as  in  ihc  axilla,  over  a  space  pit- 
cisely  defined  by  the  growth  of  the  hair  in  the  adult.  They  hue 
form  a  layer,  which  towards  the  middle,  is  often  an  eighth  of  an  inffc 
thick,  but  thinner  towards  the  tip. 
It  is  of  a  reddish  colour,  sod  la&n- 
millated  by  the  Individual  glaada 
which  compose  it.  Some  of  lltftt 
are  as  large  as  the  labial  glaodt, 
but  roost  of  ihetn  arc  soint^wbtt 
smaller.  They  are  soft,  and  mwe 
or  less  flattened  by  lateral  apposi- 
tion with  one  another.  They  lie  io 
an  atmosphere  of  delicate  sreotir 
tissue,  and  are  covered  and  (lei- 
mealed  with  a  netwoik  of  capilU^ 
blood-vessels. 

The  sweat-glands  can  be  shotrn, 
wherever  they  exist,  by  dissecting 
a  piece  of  fresh  integument  on  ilt 
deep  surface.  They  are  distin- 
guishable from  the  pellets  nf  fiE, 
with  which  they  have  Uoubllte 
been  repeatedly  confounded,  by 
their  pink  colour  semi-Iran tpareat 
texture.  Where  the  areolar  frame- 
work of  the  cutis  is  dens«ly  inter 
less  readily  discerned,  but  injection  of  the  blood- 
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«ls  makes  their  detecUoD  e&sy.     Oq  detaching  one  of  these  glanfis, 

bighljr  [uagDifying  it,  it  ia  seen  to  consist  of  a  solitary  tube  inlri- 
•\y  ravelled,  one  end  of  which  is  closed,  and  usuntty  buried  wttbia 

gland ;  the  other  emei^ea 
a  the  gland,  and  opens  on  the  ^'B-  ^t. 

I.  Sometimes  this  luhe  is 
ached,  but  its  diameter  is 
tlly  very  uniform  from  end 
end.  When  very  iong,  the 
n  end  forming  the  duct  is  a 
c  wider  ihan  the  rest.  The 
II  is  comparatively  thick,  so 
t  ibe  calibre  is  not  more  than 
bird  of  the  whole  diameter, 
nnsists,  like  the  correspond- 
;  part  of  most  other  glands,  of 
)  layers :  an  outer  or  basement 
nbrane,  with  which  the  ves- 
I  are  in  contact;  and  an  epi' 
Smih,  lining  the  interior.  The 
ement  membrane  is  extremely 
I,  and  is  continuous  with  ihe 
crsurfaceof thepapili^.  The 
Ihelium  is  much  thicker,  and 
n  involution  of  the  epidermis 
:  rests  on  the  papilla  and 
I  in  between  them.     Hence 

tube,  traced  outwards  from 

gland,  loses  the  basement 
itbrane  at  the  surface  of  the 
ills ;  and  the  remainder  of 
course  is  pursued  upwards 
<ogfa  Ihe  successive  Isminie 
aticular  scales. 
Ite  preparation  exhibited  in 

91  shows  the  continuity  of 

epithelium  lining  the  ex- 
ing  part  of  the  duct'witb  the 
L'le,  and  also  discloses  its 
Inessand  cuticular  character, 
e  different  from  that  of  the 
etins  epithelium  within  the 
•a,  whicn  is  soil  and  easily  higurmigmfinj. 
tmposed.  We  have  remarked 

(be  duct,  in  traversing  the  layers  of  the  cuticle,  is  lined  by  epi- 
■ic  particles  having  a  dilTerent  arrangement  from  those  of  the 
ele  itself;  being  flattened  in  the  vertical  instead  of  the  horizontal 
etion,  and  especially  distinct  in  the  deeper  and  sofier  stratum  of 
eaticle.  This  special  cuticular  tunic  of  the  duct  is  best  exhibited 
mtmeiit  of  recent  specimens  with  solution  of  potass. 


hrn  HTaiehing Dpio 

deqi  Burriipoof  [ho  dufi  In  comlnBOa*  witfc  iIk 
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The  duct,  on  I 


ing  the  gland,  follows  a  meandering,  and  if 


I    rallier  spiral  direirtion,  ihroiigb  the  areolse  of  (he  cutis,  to  (he  intcml 

'  between  the  papillae,  where  it  becomes  straight ;  and  it  agaio  awumet 

spiral  course  in  jierforating  the  cuticle  (fig.  S3).     In  the  cutiiiS 

'  curves  are  unequnl,  elongated,  and  wide;  but,  in  the  cuticle, lli(j 

I    are  coinmoDly  as  ula&a  and  regular  as  those  of  a  common  acreit,  Ik 

form  of  which  may  be  taken  us  a  fair  model  of  the  duct  in  iMspvt, 

It  is  not  easy  to  explain  the  mode  in  which  the  spinl  form  is  gim 

to  the  cuticular  pnrt  of  the  dud.     It  has  been  imagined  lo  rtnh 

from  the  condensaiion   and  flattening  of  the  laminse  of  epideraiii  a 

I   they  approach  the  surface  ;  but  the  fact,  that  the  spirals  are  notcliua 

near  the  ori&ce,  is  opposed  In  this  iiolion.     Their  use^also,  is  oWm:     t, 

for  we  cannot  admit  the  validity  of  the  ingenious  idea  that  lh«  anki 

of  a  spiral  tube  must  be  valvular,  and,  therefore,  (h^it  Ihej  merh^ 

nically  resist  the   entrance  of  foreign  substances.     If  Ihey  dooftt 

this  opposition,  it  is  only  by  the  tortuosity  resulting  from  the  spinJ 

arrangement.     The  proper  tunic  of  ihe  duct  in  the  substance  of  ih 

cuticle  seems  desiirned  lo  keep  it  pervious,  and  may  be  Ihst  ubtth 

gives  it  its  peculiar  spiral  form.     The  average  diameter  of  ibeuril) 

of  the  duct  is  n'sir  inch;  but,  as  il  enters  Ihe  cuticle,  it  usual!]' kp 

comes  wider. 

The  last  two  figures,  as  well  as  some  of  Ihe  preceding  ones,  iUfr 
tralc  the  anatomy  of  the  sweal-gUnds. 

The  sebaceous  glands  are  found  in  most  parts  of  Ihe  skin,  but  n 
absent    fton  tk 


anil  »lfi 


They  are  of 
abun(jant  OD  1^ 
scalp  andfii«(f>- 
pecially  abool  th 
nose),  anti  iW 
the  anus  anilKio- 
turn.  The|/(i(iAh 
odorijertt  of  'it 
geniia!  organ* 
a  variety  of  lb* 
only  reraarliiUt 
by  their  seefeliW' 
The  orilices  oprt 
either  on  Ihe  g*"- 
ral  surface,  or  inn 
the  hair-foliiclw 
and  Ihey  lie  fiib« 
in  thecutisorsab- 
dermoid  tissue,!*- 
cording     to   ibw 

Lcize.  They  are  usually  associated  with  the  hairs,  in  the  mannen^ 
presented  in  fig.  9'3.  They  consist  of  a  more  or  less  capacious  ilucli 
{Cenerally  branched,  and  terminating  in  blind,  pouch-like  extreimlic^ 
The  basement  membrane  of  these  glands  is  thicker  than  that  of  Ik* 
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gitnds,  and  is  lined  by  an  epilheliam,  in  the  particles  oT  which 
:Iuded  grenulea  of  sebaceous  mutter.  The  terminal  vesicles  and 
Ids  are  filled  with  an  accumnlBtion  of  this  epithelium,  which, 
I  been  detached  from  the  walls,  constitutes  the  secretion.  On 
ep  or  parenchymal  surface  of  the  basement  membrane  a  web  of 
iry  vessels  is  spread  out. 

lile  speaking  of  the  sebaceous  glands,  we  must  say  a  few  words 
•arasite  so  generally  found  in  their  ducts  in  many  parts  of  the 
that  it  may  almost  be  regarded  as  3  denizen.  This  was  recently 
■«¥d  by  Dr.  Simon,  of  Berlin,  [MuUtr's  JircHv.,  June,  1843,) 
Its  been  further  described  by  Mr.  Wilson,  [Phil.  Transact., 
}  who  speiks  of  two  principal  varieties  of  the  adult  antma), 
r  distinguished  by  their  length;  the  one  measuring  from  t^  to 
e  other  from  jj^  to  j^j  nf  an  inch.  He  delails  several  interest- 
irticnlars  concerning  their  structure  and  development,  for  which 
we  mast  refer  to  the  orip- 
fig-  ^  nal  memoir.    These  singular 

animnls  "  are  found  in  aU 
most  every  individual,  and 
especially  in  those  possess- 
ing a  torpid  skin,  and  they 
multiply  in  sickness.  In 
living  and  healthy  persons 
from  one  to  three  or  four 
may  be  found  in  each  folli- 
cle." We  have  represented 
them  as  we  have  found  them 
in  a  sebaceous  follicle  of  the 
scalp  (fig.  93). 

The  eerumimmi  glands  of 
the   ear   resemble  in   their 
structure     those    just    de- 
scribed. They  exist  in  great 
abundance   in    the  skin   of 
the  cartilaginous  part  of  the 
III  meatuit,  and  provide  an  adhesive  secretion  calculated  to 
{V  particles  of  dust  and  small  insects,  and  to  prevent  their  access 
delicate  membrane  of  the  tympanum." 

the  Junctions  of  the  Skin. — Having  now  considered  the  several 
taenia  of  that  very  complicated  organ,  the  skin,  it  remains  for 
lake  a  brief  general  view  of  its  functions  before  proceeding  to 
icular  account  of  that  one  which  brought  us  to  this  structure, 
he  sense  of  touch.  All  these  functions  have  reference  to  its 
■I  anatomical  position  with  respect  to  the  other  structures  of 
ij.  Regarded  as  a  protective  coverini;,  the  skin  possesses  the 
advantages  of  toughness,  resistance,  flexibility,  and  elasticity, 
reolar  framework  of  the  cutis  is  the  part  chiefly  conferring  these 


ihc  FbmrkK  ind  rays  Ihci 
•kin.  Thrse  luWs  are 
sd  bj  a  bttad  eiireoiiiy.  t< 


!  is  a  rrmarlfable  sjrKlrm  of  isncDtii  tobts  apeainf 
leflrly  as  Jartie  a.<  crow-quillii,  ibi)  o[  greal  IcDinlk 
which  a  smitl  atnt  of  [be  HtUi  pair  is  aiiaebcd. 
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Eroperties,  which  are  due  aho  iti  ?ome  measure  to  the  cpil^^l 
otii  these  structures  nre  ileveloped  In  a  degree  prnporlinned  t^M 
force  and  freijueDcy  of  external  conlact  to  whicli  dilTerent  regH^f 
the  body  are  liable.  They  are  thickest  on  the  palms  and  8olet,aain 
back  of  (he  trunk,  and  the  outer  surracp  of  the  limbs:  (hinnetntite 
front  of  Ihe  body,  and  on  ihe  inside  of  the  limbs. 

These  two  elements  also  alFord  protection  and  support  to  ihtnAtf 
more  delicate  ones  with  which  they  are  associated.  The  irrolml 
the  cutis  sustain  the  intricate  networks  of  blood-vessels,  l>inptiitiai 
and  nerves,  which  traverse  it.  The  sweal-glands  are  imbeddeJii 
cavities  accurately  fitted  to  receive  them;  and  iheir  ducts,  wilh  tk 
sebaceous  follicles,  and  hairfi,  are  nil  lodged  in  channels  or  ipwi 
adapted  to  their  re!<pective  sizes.  The  epidermis  is  a  defendre  iir 
vestment  to  the  tactile  organ,  and,  while  it  shields  il  from  tht  injfr 
rious  elTecIs  of  pressure,  is  the  medium  through  which  imprewoii)^ 
contact  are  conveyed  to  it  with  admirable  nicety  and  trulb.  Tfc 
epidermis  furnishes  also  special  organs,  such  as  nails  and  hairs ;  "i)4 
are  developed  in  particular  situations,  for  the  purposes  of  Mna, 
the  preservation  of  warmth,  or  as  aiils  to  the  sense  of  touch,  th 
inSnite  variety  of  modifications  which  the  epidermis  presents  inuiit 
the  lower  animals,  joined  with  others  of  nearly  equal  diversity  inttt 
neighbouring  textures,  adapt  it  to  very  numerous  and  even  oppoA  r 
uses  in  the  animal  kingdom. 

The  skin  combines  the  opposite  functions  of  absorption  and 
turn.  Its  lymphatic  network,  and  the  capillaries,  are  both  conrctw* 
in  the  former,  which,  under  certain  conditions,  is  very  activeljpB- 
formed. 

Secretion  may  be  said  lo  be  carried  on  at  every  point  of  Ihe  *u(&f 
of  Ihe  cutis,  since  the  cuticle  is  a  deciduous  product,  cons'antljfii 
course  of  separation  from  it,  Bui  the  principal  seal  of  this  funttw 
are  those  glandular  offsets  from  the  skin  that  lie  scattered  in  » 
berless  multitudes  beneath  it.  It  may  be  -•safely  said,  that  the  seCttlilt 
inembranc  they  comprise  far  exceeds,  in  exient,  ihe  surface  (^th 
>vhole  body.  By  the  involutions  of  the  sweat-glands,  the  surfee*» 
multiplied,  for  the  sole  purpose  of  secretion,  and  the  quatilitj* 
taaterial  capable  of  being  thus  eliminated  is  enormous.  There  ii  oM 
peculiarity  connected  with  this  great  glandular  surface,  which  nt^ 
from  its  not  being  mnde  up  into  a  solid  organ,  but  disseininatt^H 
detached  points  under  the  integuraeni,  viz.,  that  it  is  more  thin  i" 
others  subject  to  the  iutluence  of  external  temperature,  acting  up" 
Ihe  cutaneous  blood-vessels ;  but  an  apparatus  for  adjusting  the  ifff 
gularities  hence  resulting  is  provided  in  the  kidneys,  as  will  b«  ii«- 
aOer  explained. 

The  sebaceous  glands  are  another  great  system,  chiefly  subserfio' 
to  Ihe  protection  and  health  of  the  skin  il  self,  but  resembling  Ikt 
sweat-glands  in  their  disseminated  arrangement.  They  are  estreilX'} 
numerous,  and  yield  an  oily  maleiial  for  the  lubrication  of  thesutlv 
of  the  cuticle.  On  most  parts  of  the  body  they  are  as  abundant  u 
Ihe  hairs  themselves.  They  are  an  important  accessory  ntpM  forlh* 
climitiation  of  hydro-carbon ous  matters  from  the  systecn.     Thus  tkt 
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iperficial  emanctory  of  ^reat  extent  and  importancei  and 
d  subsequent  consideration  in  that  character, 
now  consider  the  function  of  the  skin  as  the  organ  of  touch. 
distinguishing  characteristics  of  this  sense  is  its  universal 
rer  the  exterior  of  the  body,  by  which  its  sphere  of  action 
fnt  of  impressions,  and  as  a  criterion  of  locality,  is  rendered 
sive  than  that  of  any  other.  The  contact  of  foreign  bodies 
d  as  occurring  at  the  point  at  which  they  actually  strike  the 
uch,  whether  that  point  be  within  the  sphere  of  operation 
tr  sense  or  not.  The  precision  with  which  this  is  effected 
ery  much  on  the  degree  of  development  of  the  papillary 
e  sereral  regions  of  the  body. 

i  already  seen  that  the  papillae  present  great  Tarielies  in 
irts.  These  varieties  will  be  found  to  correspond  very 
differences  in  the  mobility  of  such  parts.  In  general, 
ist  acute  in  regions  best  suited,  by  their  structure,  for  easy 
Bed  contact  with  external  substances ;  for  the  power  of 
rmining  the  position,  direction,  and  amount  of  pressure 
rgan  of  touch,  is  essential  to  the  perfection  of  the  sense, 
in  not  only  excite  and  check  the  contractions  of  the  mus* 
able  to  regulate  their  force  and  duration  with  wonderful 
for,  by  the  muscular  sense^  as  stated  in  a  previous  chapter, 
I  able  to  appreciate  the  state  of  contraction  of  a  muscle  by 
I  originating  in  the  nerves  supplied  to  its  fibres.  This 
h  of  recognizing  and  governing  the  muscular  movements, 
earliest  infancy  brought  into  association  with  the  impres- 
ed  from  the  tactile  orc;an,  and  made  accessory  to  its  func- 
he  perfection  to  which  habit,  in  numerous  instances,  brings 
f  touch,  is  chiefly  due  to  an  improved  capacity  it  confers, 
ting  the  impressions  made  on  the  organ,  in  connection  with 
muscular  movement. 

t,  as  in  man,  we  may  notice  the  local  concentration  of  the  sense  in 
ienee  to  this  relation  of  mobility.  In  monkeys  the  fingen  are  hii^hly 
\  it,  and  the  papillie  there  developed  cloaely  resemble  thow  on  the  human 
prehensile  tails  of  certain  tribes  possess  Rreat  mobility,  can  readily  bo 
»nnd  an  object,  and  are  large Iv  supplied  with  nerves  and  papill».  In 
is,  there  is  an  ab<ence  of  hair  from  that  surface  adapted  for  contact  with 
Mie  ant-eaters  the  tail  is  highly  tactile,  and  likewise  in  the  chameleon. 
ne  and  feline  races  the  sense  of  touch  renides  in  the  paws,  which  pre- 
>apillary  structure;  in  the  lips,  where  the  whiskers  are  developed;  and 
.  In  ruminants  and  solipeds  it  has  its  special  seat  in  the  lips,  which  are 
ovable,  and  largely  supplied  with  sensitive  and  motor  nerves.  Tka 
the  rhinoceros  is  an  excellent  example  of  these  conditions;  and, sliR 
mont  of  the  tapir  and  the  trunk  of  the  elephant,  where  the  integaments 
lee  of  the  nostrils  are  endowed  with  exquisite  powers  both  of  sense  and 

re»  perhaps,  is  the  sense  of  touch  more  acute  than  in  the  membranooa 
r  the  wings  of  bats,  whereby  they  are  enabled  to  traverse  dark  and  tor- 
's, in  rapid  flight,  without  injury.  Spallanzani  blinded  them  with  a  view 
tg  whether  sight  conferred  any  pan  of  this  singular  power,  but  fonnd 
iaiion  interfered  in  no  respect  with  the  faculty.  They  were  still  able  l» 
«e  between  suspended  threads  without  touching  them.  He  could  not 
Msible  that  so  wonderful  an  endowment  could  depend  on  any  exaltation 
h,  and  be  resorted  to  the  supposition  of  the  existence  of  a  sixth  senar« 
unknown  mode  of  action.    But  Cnvier,  with  more  sagacityp  baa 
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mhtrei  it  lo  BD  eirinenl  sensibiliiyorihe  nerve",  which  art  prrfu- 

(he  *»h.ifihewing'i.  Thi 
I  llnp''e»sit<n»  rrom  ine  vilirai 
I  Boy  he  informeil  i>r  ihe  ilisi 
V  «r  oiherwisc  rnoilify  Ihc  uni 
'  thai  hearing  also  may  be  ci 

In  mHn,as  compared  with  nnimab,  llie  sense  nf  (ouch  isexteniin); 
diffused ;  bul  very  interesling  dini-rentes  in  its  intensity  are  obwf»^ 
in  (liflerent  parts  of  the  Rurfoce,  which  have  been  especially  illaWUed    -' 
by  the  experiments  of  Weber. 

These  consisted  in  placing  the  ttvo  pninls  of  a  pair  of  cntrpitM, 
blunted  wiih  sealing-wax,  at  different  distances  asunder,  mA  ii 
Tarious  directions,  upon  different  parts  nf  the  skin  ot  an  inili*ii!uil| 
who  was  not  perinilled  to  see  the  bodies  in  cnnlact  with  him.  Ii 
was  then  found,  (hat  the  smallest  distance  at  which  ibr  cnmU  n 
can  be  distinguished  to  be  double,  varies  in  ditrerent  parts  bdnti 
the  ihirly-sixih  of  an  inch  and  three  inches;  and  this  seems  a  hiiff^ 
criterion  of  the  aciiteness  of  ihe  sense.  We  recognize  n  double  i" 
pression  on  very -sensible  parts  of  ihe  skin,  though  (he  poinnw 
very  near  each  other ;  while,  in  parts  of  obtuse  sensibilily,  (h«  b 
pression  is  of  a  single  point,  although  (hey  may  be,  in  rrtlitj,  b 
asunder. 

In  many  parts  we  perceive  the  distance  and  situation  oflwopoi* 
more  distinctly  when  placed  transversely  ihau  when  placed  hnfitif 
(linally,  and  vice  oersd.  For  example,  in  the  middle  of  the 
forearm,  points  are  sepnrately  felt  at  a  liisiance  of  two  inrtirtti' 
placed  crosswise;  but  scarcely  so  at  a  distance  of  three,  if  direclfJ 
lengthwise  to  the  limb. 

Two  points  al  a6xed  drslance  apart  feel  its  if  more  widely  sepBliltJ 
when  placed  on  a  very  sensitive  part,  than  when  touchini;  R 
of  blunter  sensibility.  This  may  be  easily  showa  by  dra^ioe  tltfs 
over  regions  dilferenlly  endowed  ;  they  will  seem  to  open  as  lh(J*^ 
proach  parts  acutely  sensible,  and  vict  versii. 

If  contact  be  more  forcibly  made  by  one  of  the  points  Uian  bf  jW 
other,  Ihe  feebler  ceases  to  be  dislins;uished ;  (he  slronaer  imprfMi*  1 
having  a  tendency  to  obscure  the  weaker,  in  proportion  to  iisexos 
K  of  intensity. 

Two  points  al  a  fixed   distance  are   distinguished  more  dfftlj   ' 
when  brought  into  contact  with  surfaces  varying  in  strurtuie  IM 
use,  than  when  applied  to  Ihe  same  surface,  as,  for  example,  nn  &i 
ioternat  and  external  surface  of  the  lips,  or  the  front  and  back  ollfe   I 
finger. 

Of  Ihe  exlreinilies,  (he  least  sensitive  parts  are  the  middle  repw 
of  the  chief  sPKmcnIs,  the  arm,  fore-arm,  Ihish,  and  leg.  The  nf 
vexities  of  the  joints  are  more  sensible  than  ihe  concavities. 

The  hand  and  foot  greatly  excel  Ihe  arm  and  leg,  and  the  hand  tin 
font.  The  palms  and  soles  respectively  excel  Ihe  opposite  su^(•C^ 
which  are  even  surpassed  by  the  lower  parts  of  Ihe  forearm  and  Iff 
On  the  palmar  aspect  of  the  hand  the  acuteness  o' 
■ponds  very  accurately  with  Ihe  development  of  ihi 
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111  vrhere  these  papillae  are  almost  wanting,  as  opposite  the  flexions 

the  joints,  it  is  feeble. 

The  scalp  has  a  blunter  sensibility  than  any  other  part  of  the  head, 

id  the  neck  docs  not  even  equal  the  scalp.     The  skin  of  the  face 

iDore  and  more  sensible  as  we  approach  the  middle  line;  and  the 
>  of  the  nose  and  red  part  of  the  lips  are  acutely  so,  and  only  inferior 

the  tip  of  the  tongue.  This  last,  in  a  space  of  a  few  square  lines, 
cceeds  the  most  sensitive  parts  of  the  fingers  ;  and  points  of  contact 
ith  it  may  be  generally  perceived  distinctly  from  one  another,  when 
ily  one-third  of  a  line  intervenes  between  them.  As  we  recede  from 
le  tip  along  the  back  or  sides  of  the  tongue,  we  find  the  sense  of 
•uch  much  duller. 

The  sensibility  of  the  surface  of  the  trunk  is  inferior  to  that  of  the 
ctremities  or  head.  The  flanks  and  nipples,  which  are  so  sensitive 
» tickling,  are  comparatively  blunt  in  regard  to  the  appreciation  of 
»e  distance  between  points  of  contact.  Points  placed  on  opposite 
des  of  the  middle  line,  either  before  or  behind,  are  better  distin- 
uished  than  when  both  are  on  the  same  side. 

The  above  are  the  results  obtained  by  making  the  several  parts 
kere  passive  and  motionless  recipients  of  impressions.  They  evince 
le  precision  of  the  sense  in  so  far  only  as  it  depends  on  the  organi- 
Mion  of  the  tactile  surface.  The  augmented  power  derived  from 
kange  of  position  of  the  object  with  regard  to  the  surface,  is  well 
lustrated  by  keeping  the  hand  passive,  while  the  object  is  made  to 
love  rapidly  over  it.  In  this  case  the  contact  of  the  two  points  is 
pparately  perceived,  when  so  close  that  they  would,  if  stationary, 
Bern  as  one.  If,  still  further,  the  fingers  be  made  to  freely  traverse 
fte  surface  of  an  object,  under  the  guidance  of  the  mind,  the  appre- 
ialion  of  contact  will  be  far  more  exquisite,  in  proportion  to  the 
vriety  of  the  movements,  and  the  attention  given  to  them.  We  are 
ben  said  io  Jeel^  or  to  examine  by  the  sense  of  touch. 

How  great  is  the  aid  thus  capable  of  being  aflorded,  is  manifest  in 
le  following  experiment.  With  shut  eyes,  and  the  hand  strll,  let 
nother  apply  to  the  finger  various  articles,  such  as  books,  paper^ 
lass,  metals,  wood,  cork,  &c.;  they  will  be  very  imperfectly  dis- 
Bguished.  That  our  power  of  varying  the  force  of  contact  adds 
luch  to  the  delicacy  of  touch,  is  evident  from  this:  that  a  plane  sur- 
ice  may  be  made  to  seem  concave,  by  drawing  it  over  the  passive 
p  of  the  finger  of  a  person  whose  eyes  are  covered,  provided  it  be 
ressed  at  first  strongly,  then  lightly,  then  strongly  again  ;  or  it  may 
e  made  to  seem  convex  bv  reversing  these  gradations  of  pressure. 
<ut,  if  the  individual  himself  is  the  regulator  of  the  pressure,  the 
pception  vanishes.  We  may  obtain  some  knowledge  of  the  irregu- 
irtttes  of  surfaces,  and  the  shape  of  objects,  by  simply  bringing  the 
iCtile  organ  into  contact  with  them ;  but  much  more  by  moving  it 
rcr  them  with  attention.  Thus,  too,  the  infinite  diversities  of  tex- 
ire  may  be  made  distinguishable  by  the  education  of  tact  combined 
ritb  that  of  the  muscular  sense.  It  is  related  of  Saundershn,  the 
lind  professor  of  mathematics  at  Cambridge,  that  he  could  distinguish 

spurious  from  a  genuine  medal,  when  the  deception  had  imposed 
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''  apon  cnnnoisseurs;  and  the  case  oT  the  blind  man,  reffrml  to^ 
|ILudo1phi,  who  was  able  to  distinguish  between  woollen  elolhi  »f 
1  (Itflerent  totoiirs,  of  course  by  nome  slight  variety  in  their  lPxtafB,ii 
I  tendered  credible  by  many  well-allesled  examples  of  a  pRrallel  kind. 
I  Our  power  of  appreciating  the  weight  of  bodies,  as  well  is  rwi* 
I  ances  in  general,  depends  on  Ihnse  of  eslinialing,  sepant«ly  and  ill 
^concert,  both  pressure  on  the  laclite  or^aii  and  ihe  amount  of  »■- 
1  tractile  energy  acting  in  the  mnscles.  Weber  performed  etperininU 
i  lo  ascertain  how  far  we  are  cnpable  of  judging  of  weight  byihenm 
I  sense  of  contact.  He  found  that  when  two  equal  weights,  evrTjmi 
M  timilar,  are  placed  on  corresponding  parts  of  tbe  skin,  we  mnym 
W  to  or  subtract  from  one  of  ihera  a  certain  quantity  without  th*  p'tM 
I  being  able  to  appreciate  ihe  change  ;  and  that  when  the  part?  beiriii! 
t.  Ihe  weights,  a^  the  hands,  are  inactively  resting  upon  a  table,  1  raadi 
I  greater  alteration  may  he  made  in  the  relative  amount  of  the  w»^D 
I  without  his  perceiving  it,  than  when  the  same  pans  are  allowed  Trte 
I  motion.  For  example,  32  ounces  may  thus  be  altered  by  from  8  » 
I  12,  when  the  hand  is  motionless  and  supported  ;  but  only  hy  frotD  1| 
I  to  4,  when  Ihe  muscles  are  in  action :  and  this  difference  is  in  tpile 
I  of  the  greater  surface  affected  (by  the  counter  pressure  against  ilK 
[■  BDpporl)  in  the  former  than  in  the  latter  case,  Weber  infers  that  tta 
I  neasure  of  weight  by  tbe  mere  touch  of  the  skin  is  more  than  doubled 
I  by  the  play  of  Ihe  muscles.  We  believe  this  estimate  to  be  iitfc« 
I  ander  than  over  the  marV. 

I      The  relative  power  of  diflerent  parts  lo  estimate  weight  rnrr*- 

I  sponds  very  nearly  with  their  relative  capacities  of  touch,     WrtH 

I  discovered  that  the   lips   are    beller  esiimalors  of  weight  than  »Bf 

I  other  part,  as  we  might  have  anticipated  from  Iheir  delicate  xenKflf 

[  touch  and  their  extreme  mobility.     The  fingers  and  toes  are  alsore'T 

I  delicate  instruments  of  this  description.     The  palms  and  snleii  pn«Ht 

I   this  power  in  a  very  considerable  degree,  especially  over  the  beaiti 

of  the  metacarpal  and  metatarsal  bones;  while  Ihe  back,  occiput, 

thorax,  abdomen,  shoulders,  arras,  and  legs,  have  very  little  capacilj 

of  estimating  weight. 

Heal  and  cold  are  peculinr  sensations  excited  by  alterations  nf  ten- 
peralure  on  the  surface  of  the  body.  They  are,  beyond  all  otherwn- 
satinns,  of  a  relative  rather  than  of  an  absolute  kind,  and  are  alwiy* 
most  marked  in  contrast.  Thus,  in  tbe  familiar  experiment  of  dippiDE 
one  band  into  hot,  and  Ihe  other  into  cold  waler,  and  then  plunging 
them  bolh  into  waler  of  an  inlerraedinie  temperature,  Ihe  newmerfiun 
will  seem  cold  to  the  former  and  hot  to  tbe  latter ;  and  natives  of  ihe 
polar  and  tropical  regions  of  the  globe  will  respectively  romplnio  of 
the  warmth  or  chilliness  of  our  temperate  ciimale  when  Ihey  vi^il  oat 
shores.  But  it  is  observable  that  ihe  sensations  of  bent  and  cold, 
when  exalted  in  degree,  resemble  each  other  very  nearly.  The  sus- 
ceptibility to  bolh  is  greatest  within  moderate  limits;  and  itnpressioiu 
of  either,  when  ai.'ule  and  powerful,  amount  lo  pain,  end  sood  ceast 
to  be  distinguishable  from  one  another. 

Temperature  appears  higher  in  degree  when  it  is  applied  lo  t  laf«tr 
surface :  thus,  waler  feels  hotter  when  we  put  our  whole  hand  into  it, 
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an  when  we  only  dip  a  fineer;  the  extent  of  the  sensation  augment- 
g  the  intensity  with  which  it  is  appreciated,  perhaps  by  more  forcibly 
trading  the  attention. 

Sensations  of  temperature  have  been  usually,  and  we  believe  pro- 
priy,  attributed  to  the  nerves  of  common  sensation.  These  sensa- 
ons  are  certainly  quite  different  from  touch,  both  in  their  peculiar 
bmracters  and  in  the  source  of  excitement;  but  no  less  may  be  said 
r  various  other  modifications  of  common  sensation,  to  which  it  is 
Dpossible  to  assign  nerves  of  special  endowment.  The  existence  of 
bres  fitted  to  be  acted  on  by  heat  and  cold,  but  by  no  other  stimulus, 
my  be  fairly  doubted  so  long  as  they  are  undistinguishable  from  those 
f  touch,  both  at  their  origin  from  the  nervous  centre  and  in  their 
ttripheral  distribution.  Still,  however,  it  may  be  noted  that  in  certain 
tatcs  of  paralysis,  the  sensibility  to  heat  and  cold  may  be  destroyed, 
ditle  common  sensation  and  touch  remain.* 

The  sensation  of  tickling,  tingling,  itching,  and  many  others  allied 
Othem,  are  also  referrible  to  the  nerves  of  touch.  Respecting  tickling, 
thas  been  well  observed  by  Weber,  that  it  is  most  apt  to  be  excited 
iaparts  of  feeble  tactile  power. 

Impressions  made  on  the  organ  of  touch,  as  on  the  other  organs  of 
Hue,  continue  perceptible  for  a  period  more  or  less  prolonged  after 
he  stimulus  has  ceased  to  be  applied.  The  sting  of  a  smart  blow 
iocs  not  soon  subside ;  and  even  the  simple  contact  of  any  object,  as 
\  rbg  or  an  article  of  clothing,  with  a  part  of  the  skin,  if  long  con- 
iooed  enough,  leaves,  aAer  its  removal,  an  impression  of  its  presence, 
rhich  is  apt  to  deceive  the  individual  for  a  considerable  time.  The 
iflaence  of  habit  on  sensation  in  general,  may  be  well  illustrated  in 
ke  case  of  the  nerves  of  common  sensation  and  of  touch.  Impres- 
kms  sufficiently  strong  in  the  first  instance  to  arouse  the  attention, 
wa  become  feeble,  and  in  time  wholly  disregarded,  if  continued 
nifonnly  or  frequently  repeated ;  although  the  mind  can  still,  at  any 
MMDent,  take  cognizance  of  them  by  a  voluntary  efibrt.  The  sen- 
ilioDS  of  heat  and  cold  may,  by  long  habit,  in  like  manner  come  to 
e  unnoticed,  or  lightly  heeded,  within  certain  bounds.  This  is  a 
latter  of  common  experience,  and  may  be  exemplified  in  the  case  of 
le  lower  classes  of  society,  among  whom  the  privation  of  the  com- 
iti  of  warm  clothing  and  lodging,  and  the  absence  of  the  mistaken 
urory  of  over-heated  rooms,  are  compensated  for  by  the  possession 
r  that  diminished  susceptibility  to  cold,  under  slight  exposures, 
Uch  is  so  remarkable  in  those  subject,  in  a  moderate  degree,  to  the 
idemencies  of  the  seasons. 

Little  needs  be  said  of  the  subjective  sensations  pertaining  to  the 
enres  now  under  consideration.  They  are  amon^  the  best  known, 
id  most  familiar  in  the  body.  The  peculiar  tingling  of  a  limb 
adeep,"  which  commonly  depends  on  pressure  on  its  trunk,  may 
isolt  from  morbid  changes  in  the  centre;  as  may  likewise  sensations 
r  formication,  or  the  creeping  of  insects,  and  those  of  itching,  of  heat, 
rchUliness,  &c.,  and  lastly  of  pain  of  various  kinds. 

an  instructive  case  by  Dr.  W.  Badd,  in  the  Med.  Chir.  Trans.,  vol  xnu 
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Besides  ibe  rercrences  in  the  rooi'Dote^  and  ihe  Tirioos  treaiiaes  on  Phirrioloctd  I 
general  ADatomy  already  oited.  we  may  refer  an  ihe  sabjeet  of  Ihe  preceding  chipia 
10  Rudolph),  Grundriss  <lcr  Physiologie,  band  ii.;^Web<r,  de  palao,  resofpuoK. 
ftDditu,  et  laciui  Lip^.,  183t;— Breschei  et  Roussel  de  Vauzeme,  Ann.  d.  Sckdm 
NaL,  laal,  lom.  i,;— Schwann,  Mikroshop.  UntersDCbaageD ;— Gble,  die  Lehre  *«t 
den  Haaren ;— G jHi,  Muller's  Arcbiv„  1839;— Van  Laer,  de  atrnclari  capdl«W 
hainaiioriiin;Traj.  ad  Rhen.,  1811. 


CHAPTER  XV. 

yor  TASTE. — OF  THE  MOCOtTS  MEMBRANE  OF  THE  TONGUE,  AKD  OT  TO 
SIMPLE  AND  COMPOUND  PAPILLA. — NERVES  OF  TASTE. — NERVES  OT 
TOUCH  IN  THE  TONGUE. — SEAT  AND  PHENOMENA  OF  TASTE. 

The  sense  of  taste  is  subservient  lo  the  nutrilive  function  by  guid- 
ing us  in  the  discrirainalion  of  the  qualities  of  our  food,  and  isthetfr 
fore  appropriately  situated  in  Ihe  mouth,  the  antecbaiDber  to  4< 
digestive  canal.  The  food  being  delayed  more  or  less  in  thisetrilj, 
is  brought,  by  the  niovemenls  (o  which  it  is  exposed,  into  intimitt 
and  varied  contact  with  the  surface;  and,  its  properties  being  »9«r- 
tained  while  it  is  still  under  voluntary  control,  we  are  able  to  tfj«i 
it  or  to  propel  it  onwards,  according  to  Ihe  impression  produced  on 
the  nerves  of  taste. 

The  mucous  membrane  of  the  tongue,  as  the  principal  seat  of  4t 
sense,  will  now  demand  description.  The  muscular  apparatus  of  liii 
organ,  though  increasing  ils  powers  of  laste,  relates  chiefly  to  iti 
employment  in  the  prociesses  of  mastication  and  deglutition,  anduM 
therefore  be  considered  at  a  future  page. 

In  the  raucous  membrane  of  the  tongue  we  find  a  chorion,  *fifi- 
lary  structure,  and  an  epidermis  or  epilhelium ;  all  correspondiog,  in 
essential  characters,  with  Ihe  same  constituents  of  Ihe  skin. 

The  chorion,  or  cutis,  is  lougb,  but  thinner  and  less  dense  llnii  in 
\  most  parts  of  the  skin:  it  receives  the  insertion  of  all  the  iDtrifuic 
P'tauscles  of  the  tongue,  which  send  up  Iheir  fibres  toil  in  small  srpintc 
I- bundles,  so  that  Ihe  surface  of  the  longue  is  exceedingly  mobile,  e«n 
1  in  ils  minule  portions,  and  ils  powers  as  an  organ  of  touch  are  (herebj' 
I  teuch  exalted.  The  termination  of  the  muscular  fibres  in  (he  fibtoas 
I  tissue  of  the  chorion  can  be  well  seen  in  thin  vertical  sections.  Tb* 
I  chorion  contains  the  ramifications  of  the  vessels  and  nerves  froo 
which  Ihe  papillary  structure  is  supplied.  Both  Ihe  arteriei  wd 
I  Teins  form  plane  plexuses,  open  on  all  sides,  like  those  of  the  sVIb, 
tnd  respectively  connected  with  the  vessels  of  the  papilbe  abore 
[  them. 

The  papillary  structure  has,  in  general,  this  peculiarity,  that  it  is 
not  concealed  under  the  epithelium,  but  stands  out  freely  from  the 
surface,  like  the  villi  of  the  iDtestinal  tube,  occasioning  the  faailiu 
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which  contains  Heid  and  several  small  otolllhes,  which,  according  to  Siebold, exhibit 
remarkable  movements. 

In  Crastacea«  the  organ  still  exists  as  a  simple  sac.  This,  as  Dr.  Arthar  Farre  has 
ahown,  is  «itDate,  in  the  lobster,  in  the  base  or  first  joint  of  the  lesser  antenna.  Its 
place  is  indicated  by  a  tongh  membrane  which  covers  an  oval  apertnre  in  the  upper 
sarface  of  this  joint;  the  membrane  being  a  continnation  of  the  same  stmctare  which 
forms  the  shell,  bat  in  which  the  earthy  matter  is  wanting.  Towards  the  inner  and 
anterior  margin  of  this  membrane,  there  is  a  small  round  aperture,  through  which  a 
bristle  may  be  passed.  "On  removing  this  oval  membrane,  together  with  a  portion 
of  the  surrounding  shell,  the  internal  organ  is  brought  into  view,  completely  imbedded 
in  the  soft  integument  and  muscular  structure  of  the  antenna."  It  consists  of  a  sac, 
in  shape  like  an  anncle,  and  of  a  homy  structure,  like  soft  quill,  suspended  in  the 
eentre  of  the  joint,  free  on  all  sides,  and  having  only  a  single  attachment  near  the 
aperture  in  the  oval  membrane  already  described;  it  nearly  fills  the  cavity  of  the 
Joint  The  sac  contains  particles  of  siliceous  sand,  which  find  their  way  into  it 
ihrongh  the  aperture  already  described,  and  probably  fulfil  the  office  of  the  otolithes 
which  exist  in  other  classes  of  animals.  Numerous  very  remarkable  ciliated  pro- 
eesaes  are  attached  to  the  lower  surface  of  the  vestibular  sac :  they  are  arranged  in  a 
semicircular  line.  In  the  neighbourhood  of  this  line  the  auditory  nerve  attaches 
itself  to  the  sac,  and  forms  a  plexus,  which  covers  the  whole  under  surface  of  the 
sac,  extending  also  towards  its  upper  surface.  The  nerve  is  derived  from  the  lesser 
and  greater  antennal  nerves. 

Br.  A.  Farre  has  shown  that  the  cavity  situate  at  the  base  of  the  greater  antenna 
is  not,  as  has  been  hitherto  supposed,  suited  to  act  as  an  organ  of  hearing.  It  is  a 
conical  papilla,  abruptly  truncated,  and  having  stretched  over  it  a  membrane,  which 
is  pierced  in  its  centre  by  an  aperture  capable  of  admitting  a  small  bristle.  On 
Baking  a  section  of  this  part,  nothing  more  is  seen  than  a  narrow  canal  in  the 
fleshy  substance  leading  perpendicularly  from  the  external  orifices,  and  terminating 
abniptly  at  the  depth  of  two  lines.  A  nerve  is  sent  ofi*  to  this  organ  from  the  supra- 
msophageal  ganglion.  Such  an  organ  is  very  ill-adapted  for  hearing.  Dr.  Farre 
has  ascertained  that  this  is  the  most  sensitive  part  of  the  body  of  the  lobster; 
"since,  while  the  mechanical  irritation  of  any  other  parts  excited  only  a  slight 
norement  in  the  limbs  of  the  animal,  when  out  of  water,  and  somewhat  feeble,  the 
touching  of  this  part  was  immediately  followed  by  a  violent  and  almost  spasmodic 
flapping  of  the  laiL"  (JPasrre  on  the  Organ  of  Hearing  in  Cnuiaeea,  Phil.  Tr.  for 
IMS,  p.  23a) 

In  Fishes  the  organ  of  hearing  acquires  a  considerable  increase  In  the  complexity 
of  its  organization.  It. consists. of  a  vestibular  sac,  with  the  accession  of,  in  general, 
three  semicircular  canals.  In  the  myxine,  however,  a  fi^  of  very  low  organization, 
there  is  only  one  of  these  canals.  In  the  lamprey  there  are  only  two.  The  vestibular 
sac  consists  of  a  large  sac  (iUrieubu  of  Breschet),into  which  the  semicircular  canals 
open,  and  with  the  walla  of  which  they  are  continuous,  and  of  a  small  offset  from 
this  larger  one  (the  $aeeuhu  of  Breschet).  This  apparatus  is  composed  of  a  thin, 
transparent,  elastic  membrane.  It  is  filled  with  fluid,  and  contains  in  each  sac,  either 
porcelainous  bodies  (fitoSihet),  of  beautiful  structure  and  great  diversity,  as  in  the 
osseoDS  fishes,  or  masses  of  pulverulent  deposit,  like  powdered  chalk  (otokonia\  as 
in  the  cartilaginous  fishes*  These,  whether  hard  or  soft,  consist  of  carbonate  of  lime, 
and  therefore  may  be  quickly  decomposed  b^  a  mineral  acid.  The  whole  of  this 
aoditory  apparatus  is  deposited  in  an  excavation  of  the  cranial  wall,  which  commu- 
nicates with  the  cavity  of  the  cranium  itself,  excepting  in  the  rays  and  sharks,  in  which 
it  is  enclosed  by  the  cranial  cartilages.  It  is  suspended  in  fluid  (part,  probably,  of 
dbe  eerebro-spinal  fluid),  which  constitutes  the  analogue  of  the  perilymph  in  the 
higher  animals.  In  some  fishes,  according  to  Breschet,  an  additional  offset  from  the 
laqper  sac  exists,  to  which  he  gives  the  name  ctfsiieule.  All  these  parts  are  analogous 
to  &e  membranons  labyrinth  of  the  higher  animals,  there  beine  nothing  to  represent 
the  tympanum  or  the  cochlea.  In  many  of  the  osseous  fishes  the  auditory  apparatus 
has  no  communication  whatever  with  the  exterior.  In  rays  and  sharks,  however,  a 
prolongation  of  the  labyrinth  extends  through  an  opening  in  the  occipital  portion  of 
the  skull  to  the  surface  just  beneath  the  skin.  In  many  fishes,  according  to  Weber, 
there  is  an  intimate  connection  between  the  auditory  apparatus  and  the  swimming 
bladder,  although  their  cavities  have  no  communication  with  each  other. 

In  Amphibia,  the  auditory  apparatus  is  closed  off  from  the  cranial  cavity,  and  is 
eontained  in  the  cranial  bones.  It  consists  of  a  vestibule  with  three  semicircular 
canals.    In  some,  there  is  placed  external  to  this  labyrinth  a  tympanic  cavity, 
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closed  on  ihe  eitrrior  by  a  memhrane,  which  it  intiniaielj  oniled  wiih.  or  ■  porUta 
□r.  ihe  inlegtimeni,  or  a  itiin  layer  or  cariilag?.  Ad  osseuiis  pilsr  (ihe  enlaaitlli), 
or  a  chsin  of  Iwo  or  Ihrce  okslcIcs,  extends  from  the  wall  of  the  veslitnilc  to  ihii 
iffflpanic  membrane,  analcgoiis  to  (he  lympanic  bones  in  ihe  human  sabJNI.  Id 
itie  Reptile*,  there  is  a  short  canal  connected  with  the  vestjbnlr,  laalogDBit  W  tU 
cochlea.  The  exislence  nf  Ihis  canal  establishes  ifaal  at  a  secnnd  eilcrnsl  opnint 
belonging  lo  the  labyrinih,  or^eatni  forAibE,  in  adiliiion  lo  ibe /otufnt  oo/iM. 
Snme  or  the  Reptiles,  as  the  serpents,  are  devoid  of  a  distinct  tympanic  eaviiyi  hi 
the  existence  or  a  columella  beneath  the  skin  indicates  a  rutiinienlBry  stale  oflL  ^ 
utbers,  aa  the  lorioiscK,  crocodiles,  and  lizards,  such  a  cavity  exists,  with  its  ami 
cnnal  of  communicOTinn  with  the  fauce^i.  the  Eustachian  lube,  and  irilh  ■  colomtft. 
The  fluid  of  the  labyrinth  contains  cryslalline  particles  in  place  of  oluliihes. 

In  Birds,  the  organ  of  hearing  has  the  same  parts  as  in  the  higher  repUla.  In 
labyrinth  has  the  cochlea  and  semicircnlar  canals,  and  the  two  fenestne.  and  Ibcn 
is  a  tympanic  cavity  with  a  columella.  The  cochlea  is  a  very  xlightly  bent  cinl, 
divided  by  a  membranous  septum  into  ivo  passages,  scala  vesiibuli,  and  Kill 
lympani. 

In  Maitmialia.  the  general  characters  and  siracture  of  the  organ  of  hearing  ekMlT 
resemble  Ibote  of  man. 

in  examining  the  anatomy  of  the  haman  ear,  we  shall  first  demrUit 
itie  external  ear,  next,  the  middle  ear,  or  tympanum,  and  lastly,  lilt 
labyrinth. 

Fig.  131. 


The  External  Ear  ci^mprises  Ihe  Tree,  expanded  part,  auridi  ot 
pinnOy  and  the  auditory  canal  or  exiemat  meatus. 

The  auricle  presents  an  outer  surface,  which  is  on  Ihe  whole  con- 
cave, and  slightly  inclined  forwards.  On  this  Eurfacc  are  aevenl 
eminences  and  depressions,  resulting  from  the  folded,  or  ntfaer 
crumpled,  fonn  of  its  caililaginous  basis,  and  which  are  seen  reversed 
on  the  free  portion  of  the  opposite  surface.  These  are : — a  promineiil 
rim  or  helix,  and  within  it  another  curved  prominence,  the  anUidSxj 
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'hicb  bifurcates  above,  so  as  to  enclose  a  space,  the  scaphoid  fossa^ 
nd  describes  a  circuit  round  a  deep,  capacious,  central  cup,  the 
tncha.  At  the  end  of  the  helix,  in  front  of  the  concha,  is  a  small 
etached  eminence,  the  tragus^  so  named  from  its  bearing  a  tufl  of 
air  resembling  a  goat's  beard.  Opposite  this,  behind  and  below 
le  concha,  is  the  antUragus.  Below  is  the  pendulous  lobe^  com- 
osed  of  dense  areolar  and  adipose  tissues.  The  concha  is  imper- 
tctlj  divided  into  an  upper  and  a  lower  part  by  the  anterior  curved 
ztremity  of  the  helix.  The  groove  of  the  helix  is  continued  into  the 
pper  division,  and  the  auditory  canal  leads  from  the  front  and 
eepesl  part  of  the  lower  division  where  it  is  overhung  by  the  tragus 
nd  its  protective  tuft  of  hairs.  The  cartilage  of  the  pinna  consists 
f  one  principal  piece,  from  which  that  of  the  tragus  and  antitragus 
B  separated  by  a  fissure  filled  up  by  fibrous  membrane.  It  is  very 
lexibie,  and  elastic,  has  a  yellowish  colour,  and  belongs  to  the  same 
mtegory  as  the  cartilages  of  the  alse  nasi,  &c.  Ligamentous  fibres 
lind  the  concha  behind  and  above,  and  the  tragus  in  front  to  the 
K>De  and  fascia  in  the  neighbourhood.  A  few  muscular  fibres  passing 
letween  diflerent  parts  of  the  auricle,  serve  to  impress  upon  them 
novements,  but  so  slight  as  to  be  hardly  worthy  of  note.  These 
ibres  are  found  externally  on  the  tragus,  the  antitragus,  the  upper 
md  of  the  helix,  and  behind  on  the  concha.  The  whole  of  the  car- 
iiaginous  part  of  the  ear  is  rendered  movable  by  three  muscles,  the 
mperiar  and  anterior  auris^  arising  from  the  epicranial  aponeurosis, 
ind  converging  to  the  concha  and  helix,  and  the  posterior  aurisy 
passing  between  the  mastoid  process  and  concha. 

The  auditory  canal  passes  from  the  concha  inwards  for  about  an 
nch,  or  rather  more.  It  inclines  a  little  forwards,  and  is  slightly 
bowed,  so  as  to  be  higher  near  the  middle  than  at  either  end.  Its 
vidtfa  does  not  equal  its  height,  and  it  is  altogether  narrower  in  the 
Diddle.  The  membrana  tympani,  which  terminates  it,  is  placed 
obliquely,  in  consequence  of  the  lower  side  of  the  meatus  being  longer 
than  the  upper.  The  canal  consists  of  two  parts,  a  cartilaginous 
ind  fibrous  one,  and  an  osseous.  To  form  the  first,  the  cartilage  of 
die  concha  and  tragus  is  prolonged  inwards  as  far  as  the  auditory 
process  of  the  temporal  bone,  and  constitutes  a  tube  imperfect  at 
the  upper  and  back  part,  where  its  deficiency  is  supplied  by  fibrous 
membrane.  This  cartilage  is  rendered  still  further  movable  by 
partial  slits  in  a  vertical  direction  {incisura  Santorini).  Muscular 
fibres  are  described  by  some  to  exist  in  the  meatus,  which,  accord- 
ing to  Haller,  become  shortened  by  their  contraction.  The  osseous 
part  of  the  auditory  canal  consists  in  the  fcetus  of  a  ring  of  bone,  to 
which  the  membrana  tympani  is  attached  {tympanic  ring  of  the  tem- 
poral bone).  In  the  adult,  it  is  nearly  three-quarters  of  an  inch 
long,  and  gives  the  meatus  the  form  and  direction  already  described. 

The  skin  of  the  external  ear  is  delicate,  and  well  supplied  with 
vessels  and  nerves.  The  orifice  of  the  meatus,  besides  being  con- 
cealed behind  the  tragus,  is  defended  by  hairs,  and  a  close  arrange- 
ment of  ceruminous  glands,  which  furnish  an  abundant  secretion, 
calculated  to  entangle  particles  of  dust,  or  small  insects,  and  to  pre- 
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vent  tiieir  entrance  into  the  organ.  These  glanJs  are  j 
seated  in  the  subcutnneous  (issue,  where  the  cartilage  is  ileBcient, 
and  do  not  extend  into  the  osseous  portion  of  the  canal.  Tbe 
cerumen  is  an  oily,  very  bitter  substance,  of  a  yellow  colour,  and 
contains,  in  addition  to  fat,  albumen,  and  colouring  matter,  a  bitts 
principle  analogous  lo  that  of  the  bile.  If  not  removed  from  tuu 
to  time,  it  is  liable  to  form  hard  pellets,  which  either  impact  te 
passage,  or  come  into  contact  with  the  merabrana  tympsnj,  and  ia 
either  case  seriously  interfere  with  the  transmisMon  of  sound  to  tbe 
internal  parts.  These  concretions  are  partially  soluble  in  ether  aod 
turpentine.  i 

The  Middle  Ear,  or  tympanic  cavity,  is  a  space  filled  with  air,  i 
criraraunicaling  with  the  pharynx  by  the  Eustachian  tube,  and  int* 
posed  between  the  external  meatus  and  the  labyrinth.  It  epcat 
behind  into  the  mastoid  cells,  which  are  also  filled  with  air,  am  It 
is  traversed  by  a  chain  of  moveable  bones,  connecting  the  tnen^iui 
tympani  with  the  vestibule,  or  common  central  cavity  of  the  labf 
nnlh.  Tbe  tympanum  is  of  irregular  shape,  compressed  lalenlqr, 
and  lined  by  a  very  delicate  ciliated  epithelium,  prolonged  fronlhl 
pharynx. 

The  external  wall  of  the  tympanum  is  formed  by  the  moninM 
tympani,  and  a  small  extent  of  the  surrounding  bone.  The  tnem- 
brane  is  nearly  oval,  but  wider  above  than  below,  and  as  alreatlj 
staled,  placed  in  a  slanting  direction,  so  as  to  form  an  obtuse  angle 
with  tbe  upper  wall,  and  an  acute  one  of  about  45*^  with  the  floor 
of  the  auditory  canal.  It  consists  of  three  laminie,  an  external,  mid- 
dle, and  internal.  The  external  is  derived  from  the  cuticular  Uninj 
of  the  canal,  and  easily  detaches  ilself  with  that  structure  after  niB«- 
ralion.  The  middle  is  strong  and  fibrous,  perhaps  analogous  to  th» 
deroaal  part  of  the  integument,  and  attached  through  the  medium  of 
a  dense  fibrous  rim  to  Ihe  hone,  which  presents  a  distinct  groove  for 
its  reception,  except  above.  The  handle  of  the  malleus  is  firnily 
united  to  this  layer  of  the  membrane,  in  a  vertical  direction  as  fiu 
down  as  the  centre,  and  draws  the  membrane  inwards  along  tb»l 
line,  so  that  ils  outer  surface  is  concave,  its  inner  convex.  The 
abundant  small  vessels  supplying  ihis  part  run  along  the  handle  of 
the  malleus,  and  Ihence  radiate  more  or  less  directly  towards  the 
border.  The  fibrous  tissue  is  in  part  similarly  disposed,  and  thus 
seems  to  have  led  Sir  E.  Home  to  describe  a  radiating  muscle  in  the 
membrane,  which  does  not  appear  lo  exist.  Seen  from  within,  > 
concentric  arrangement  of  the  fibres  is  more  obvious.  The  inner 
layer  is  the  ciliated  epithelial  lining  of  Ihe  cavity,  which  is  easily 
scraped  otTfor  examination  in  Ihe  fresh  state  (see  p.  73), 

The  internal  wall  of  the  tympanum  (fig.  132)  has  two  orifices  of 
communication  wiih  the  internal  ear;  Ihe  fenestra  ovalis,  a,  leading 
to  the  vestibule,  and  ihe  fenestra  rotunda,  b,  opening  into  the  cochlea. 
Both  these  are  closed  by  membrane  which  prevenis  Ihe  escape  of  lie 
fluid  contained  in  Ihese  inner  ehambers,  and  communicates  vibrations 
to  il.  The  fenestra  ovalis  is  likewise  occupied  by  the  base  of  the 
slajies,  one  of  the  chain  of  ossicles  connecting  it  with  the  membrana 
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tjnnpani.  Between  the  fenestra?  is  the  promontory,  c,  eorrespntKlms; 
Jo  the  first  turn  of  the  cochlea,  and  furrowed  by  two  or  three  canals 
for  the  nerves  which  form  the  anastomosis  of  Jacobson^  n.  Behind 
Ibe  fenestra  ovalis  is  a  conical  eminence,  the  pyramid,  d,  holloweii, 
ind  presenting  a  small  orifice  at  its  summit,  which  is  on  a  level  wilh 
he  middle  of  the  vestibular  fenestra.  The  pyramid  contains  the 
ftapediua  muscle,  the  tendon  of  which  emerges  at  its  summit,  and 

Fig.  13a. 


IB  lympannm  nftcriMteniiion.  ilieonior  iv .' 

^ — , ,^~^- .-  PflMitra rotDDdi-    r.  ProncNlorT.    d,  I'r'  r 

(.  Fmicotlon  oC  Iba  ■qucduciui  Fallopii    r  Snmarihennsi. . 
.  = V. — :- . — odiBB  fclhe  eiinr.1  ■ 


■>  the  neck  of  the  stapes.     This  muscle  is  supplied  by  a  twig 

1  the  portio  dura  of  the  seventh  pair.     At  the  base  of  the  pyramid 

:n   aperture  through   which  the  chorda  tympani,  m,  enlera  the 

mpanum.     Thence  this  nerve  passes  forwards,  between  the  handle 

the  malleus  and  the  long  arm  of  the  incus,  and  emerges  through  a 

mat  close  to  the  Glaserian  fissure.     Above  the  pyramid  an  arched 

',  indicates  the  course  of  the  aqueductus  Fallopii,  close 

0  the  tympanum;  and   behind   this  is  the  free  communication  with 

I  ihe  loasloid  cells,/. 

The  anterior  part  of  the  tympanum  presents  above  the  canal  for 
"  e  Ifosor  (ympani  muscle,  and  below  the  orifice  of  the  Eustachian 
The  former,  i,  is  chiefly  formed  by  a  curled  plate  of  bone,  the 
xetsux  corhltarifoTBm,  g,  ending  in  a  kind  of  perforated  summit, 
it  some  have  termed,  nntfrior  pyramid.  This  is  a  little  above  the 
icslra  ovalis,  and  gives  passage  to  the  tendon  of  the  tensor  tjm* 
mi,  which  becomes  attached  to  the  short  process  of  tbe  ihalleus. 
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The  Eustachian  lube,  about  one  inch  and  a  half  io  lenglh,  Iraili  Jmui 
the  tympanum  dowuwarcls,  forwards,  and  inwards,  to  its  nrificd  is 
the  pharynx,  which  is  seen  as  a  slit  with  an  elevated  edgec]a>p  h^ 
hind  the  inferior  turbinated  bone  of  Ihe  nose  (see  6g.  106,  t,  p.  3%), 
By  its  straight,  but  inclined  course,  Ihe  passage  of  mucus  from  At 
tympanum  is  facilitated.  Its  upper  extremity  for  more  than  bttf  u 
ini;h  is  bony,  while  in  the  rest  of  its  extent  it  is  cartilaginona.  li 
dilates  at  each  end,  especially  the  lower,  where  the  cartilage  is  thirk- 
etied  and  everted.  It  forms  a  passage  for  ihe  air  in  and  out  nf  iht 
tympanum.  It  exists  in  all  animals  rn  which  a  tympanum  is  found, 
but  in  many,  Ihe  lubes  of  opposite  sides  have  a  common  oullel  on  ibc 
pharynx.  External  to  the  opening  for  the  Eustachian  lube  n^i 
opening  for  the  anterior  muscle  of  the  malleus  [Glaserian  fiisure)  ud 
that  for  the  escape  of  Ihe  chorda  lymparn. 
fe  The  ossicles  of  the  tympanum  are  three,  the  malleus,  the  incus,  and 

■  the  stapes  (fig.  1.33).  The  malleui  (hint- 
I  Fig.  133.  iner)  has  a  large  extremity  above,  iffmnl 
I                              ^^                      ^^  head,  m,  bounded   by  a  constrictioo 

■  ^^h^^  or  necA:,  from  which  the  haitdU  {atta- 
I  ^^^^..K^^^BI^  briumj,  h^  passes  down,  imbedded  in  Ihe 
I  ^^B^JH^CW'  membrana  tyrapani,  as  already  descfiliti 
I  V^^P^Pt^^  Its  concavity  directed  outwards  explaiu 
I  I  if  ml  ^^^  similar  inequality  of  that  membnoc. 
I  i/  j]'"  "^^^  short  process  is  a  slight  conical  piD- 
^^^^_  ^^Kt  jeclion  from  the  neck,  which  teceiTCi 
^^^^L  ^^M  '^^  inserlion  of  the  tensor  tympani  tnu^ 
^^^^H  ^^w  ^^''  ^^  slender  process  (p.  gracilis], g, 
^^^^r  ^^  also  passes  from  the  neck,  but  fnrwanlt 
1  ISTi™'™*.  ol™  ^*K:  sni"  outwards,  to  enter  Ihe  Glaserian  fi^ 
W  M,  Hemdof  Ihe  inmiioiii.biiiowwbi(!h  surc.  On  the  back  of  the  head  and  neck 
K                u  Ihe  sonuiiciion,  OT  nscli.   r.  r»-  ,       ■  ,      ,     ■ 

I  MHDaBtuUii.aiJongpKKcu,Mih«    an  articulation  IS  lormed  wiih  the  incDi. 

I  SunShiZimtor'hl^ta.  «.'shS™™i    The  lucus  (anvit),  is  shaped   not  unlikt 

I  bSdT'tf'ib»ta™iJ'^i?en?^'iJ«iiSg    "   "'''^'"  ^°°*^-     ^'  arliculalcs  with  ihi 

I  "ji'"  ''J''.""'"""^  '"''f'31  i""(."["i    malleus  by  the  anterior  surface  or  suinmil 

I  i>n>oiia>,hi<rBiiiinj)'conFEBtiMi,<i, Willi    of  its  bodi/,  and  has  two  processes,  iiWf 

Satii'iE?S"ediM!Me/.!''VromAfnd'i5!  and  a  long  cms:  the  former,  jic,  has  1 
backward  direction,  and  projects  into 
the  mastoid  cells,  the  latter,  Ic,  descends  to  a  level  with  the  fenntn 
ovalis,  bends  inwards,  and  is  tipped  with  a  lenUcular  procea,^ 
which  the  head  of  the  stapes  is  attached,  a.  The  slnpes,  or  stirrup 
bone,  s,  is  almost  suSlcienlly  described  by  lis  name.  lis  conslrucllon 
is  truly  elegant.  It  has  a  head,  neck,  two  brandies,  and  a  base,  Tl« 
last  fils  into  Ihe  fenestra  ovalis,  to  the  margin  of  which  it  isaltiched) 
by  membrane,  so  as  to  enjoy  some  freedom  of  motion.  Its  neck  re- 
ceives Ihe  insertion  of  Ihe  stapedius  muscle.  The  chain  of  OM>iclt(, 
now  described,  stretches  across  the  tympanum  by  no  means  ia  t 
straight  line,  and  its  parts  are  permitted  to  enjoy  somu  dogreo  of 
motion,  not  merely  by  the  double  joint  exisiing  between  them,  but 
by  the  mode  of  their  atlnchment  at  either  end. 

These  bones  are  moved  by  small  muscles,  two  of  which  are  no' 
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uted.  These  are  the  internal  muscle  of  the  malleus,  and  the  sta- 
us  muscle.  Each  of  these  muscles  consists  of  striped  fibres, 
lie  internal  muscle  of  the  maUeuSj  or  tensor  tympanic  occupies  the 
il  above  the  osseous  portion  of  the  Eustachian  tube.  It  is  at- 
led  in  front  to  the  under  surface  of  the  petrous  bone,  and  to  the 
ilage  of  the  Eustachian  tube ;  it  proceeds  backwards,  and  ends 
1  tendon  which  turns  abruptly  outwards  from  the  osseous  canal  in 
ich  the  muscle  is  lodged,  and  is  inserted  into  the  short  process  of 
malleus.  It  draws  this  part  inwards,  and  thus  heightens  the  ten- 
a  of  the  membrana  tympani.  An  anterior  muscle  of  the  malleus^ 
\(aator  tympani  muscle,  is  described  by  many  anatomists  as  passing 
n  the  Glaserian  fissure  to  the  processus  gracilis.  The  stapedius 
ick  occupies  the  conical  interior  of  the  pyramid ;  its  surface  is 
ineorotic,  its  interior  fleshy,  and  it  terminates  in  a  small  tendon 
ieh  emerges  at  the  apex  of  the  pyramid,  and  then  passes  to  be 
erted  into  the  neck  of  the  stapes.  In  contraction  it  would  fix  the 
pes  by  pulling  its  neck  backwards.  It  probably  compresses  the 
itents  of  the  vestibule. 

Of  the  Internal  Ear,  or  Labyrinth.  This  is  the  potential  part  of 
organ  of  hearing,  and  includes  the  ultimate  distribution  of  the 
▼e.  It  consists  of  three  parts,  the  vestibule,  the  semicircular 
tals,  and  the  cochlea,  all  of  which,  from  their  delicacy  and  minute* 
B  of  structure,  demand  careful  examination.  They  are  a  series  of 
ities  hidden  in  the  hardest  part  of  the  petrous  bone,  communicating 
the  outside  with  the  tympanum,  by  the  fenestrse  ovalisand  rotunda 
|Kly  described,  and  on  the  inside  with  the  internal  auditory  canal, 
ieh  conveys  the  nerve  to  them.  The  very  compact  bone  imme- 
tely  bounding  these  cavities,  considered  apart  from  the  less  dense 
le  which  surrounds  it,  is  termed  the  osseous  labyrinth,  in  distinction 
B  a  membranous  labyrinth  within. 

^  the  Osseous  Labyrinth. — The  singularly  complex  shape  of  this 
t  of  the  organ  makes  it  difficult  to  describe.  1.  The  vestibule,  or 
imoD  central  cavity,  placed  immediately  to  the  inner  side  of  the 
fiiiQm,  is  flattened  from  side  to  side,  and  about  a  fifth  of  an  inch 
lei^t,  as  well  as  from  before  backwards.  The  semicircular  canals 
tt  into  it  by  five  orifices  behind,  the  cochlea  by  a  single  one  in 
It;  on  its  outer  wall  is  the  fenestra  ovalis,  on  its  inner  several 
mte  holes,  including  the  macula  cribrosa  for  the  entrance  of  a  por- 
)  of  the  auditory  nerve  from  the  internal  auditory  meatus.  At  the 
der  part  of  the  inner  wall  is  the  orifice  of  the  aqueductus  vestibuli, 
Be  canal  penetrating  the  vestibule  from  the  posterior  surface  of  the 
RHis  bone,  and  containing,  as  some  describe,  a  tubular  prolongation 
the  lining  membrane  of  the  vestibule,  ending  in  a  minute  pouch 
vteo  two  layers  of  the  dura  mater,  within  the  cranial  cavity, 
icbet  considers  this  to  be  an  evidence  of  a  continuity  once  exist- 
between  the  lining  membrane  of  the  cranium,  and  that  of  the 
tibale,  and  it  is  certain  that  in  most  fishes  the  vestibule  is  a  pro- 
i  of  the  cranial  cavity,  or  separated  from  it  only  by  a  membrani- 
1  septum.     Whatever  other  use  the  aqueduct  of  the  vestibule  may 
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■serve,  it  seems,  certainly,  to  convey  small  vessels  to  the  inlemilrtf,  \ 

The  lower  part  of  the  ioncr  wall  preseDts  a  hemispherical  deprejiiiiii  I 

I  -{Jbvea  hemispherica),  and  immediately  above  it,  and  on  ibe  oppff  I 

I  -wMf  another,  transversely   oval   and  larger   {fovea  sani^ti^j^).  f 

These  are  separated  by  a  small  pyramidal  eminence. 


•  canals  are  three  in  number,  all  opening  t 
both  ends  into  Ihe  vestibule,  so  that  there  would  be  six  orifices,  ww 
not  one  of  (he  orifice^  common  to  two  of  the  canals.  The  canals  «t 
I  o[  uneoual  length,  but  all  describe  more  than  half  a  circle,  and  <io! 
cavity  is  not  cylindrical,  but  slightly  compressed  on  the  sid«,  aai 
Bbout  a  twentieth  of  an  inch  in  diameter.  Ench  is  dilated  it  OM 
end  into  an  ampulla,  of  more  than  twice  the  diameter  of  the  tubf,  ni 
«t  Ihe  opposite  end  it  opens  out  slightly  on  entering  the  veslibnlfc 
Each  canal  lies  in  a  dlfTerent  plane,  the  direction  of  which  Wii( 
constant,  should  be  carefully  noticed  in  relation  to  their  fonetim- 
The  superior  vertical  canal  is  also  anterior,  and  lies  across  the  pelTMf 
bone.  It  forms  about  two-thirds  of  a  circle,  and  its  extremiliesiR 
e  divergent  than  ihose  of  the  others.  In  the  f(£tus  the  coneaTilJ 
of  this  canal  is  free,  owing  to  a  deficiency  in  the  substance  of  A( 
'  petrous  bone,  and  its  arch  forms  a  projection  within  the  crsniuBi 
'  even  in  the  adult.  The  ampulla  is  on  its  outer  extremity.  Throi- 
Jirior  vertical  canal  is  also  posterior,  and  runs  parallel  to  the  po»Wfint 
surface  of  the  petrous  bone,  and  therefore  at  right  angles  to  lbefi)^ 
mer.     The  ampulla  is  at  lis  lower  extremity,  and  its  upper  cod  joios 
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er  end  of  the  former  canal,  lo  constitute  a  common  canal  an 
of  an  inch  long,  ralher  wider  than  those  which  join  to  form  it, 
ening  behind  and  below.  The  horizontal  canal  is  also  inferior, 
orter  than  either  of  the  others;  its  arch  is  directed  outwards 
ekwards;  its  ampullar  extremity  is  close  to  that  of  the  superior 
L  canal. 

Fig,  135. 


%e  cocA/ra  is,  in  shape,  very  like  a  common  snail-shell.  It  lies 
horizontally,  its  apex  forwards  and  outwards,  its  base  marked 
e  bottom  of  ibe  interna]  meatus,  by  a  depression  eKhibilin|;  a 
mangement  of  pores  for  the  reception  of  the  cochlear  division 
auditory  nerve.  From  base  to  apex  extends  the  irregularly 
ttxia,  modiolus,  or  columella,  which  is  perforated  by  numerous 
mg  channels,  ascending  from  the  pores  just  meolioned,  and 
Iting  the  nervous  filaments  in  regular  succession  witbin  the 
nchleat  canal  which  winds  around  the  axis.  This  spiral  cmtal 
t  an  inch  and  a  half  in  length,  if  measured  along  its  outer 
bd  diminishes  gradually  in  size  from  the  base  to  the  summit 
(ochlea,  where  it  ends  in  a  cul-de-sac.  At  its  commencement 
MI  one-tenlh  of  an  inch  in  diameter,  but  at  its  termination 
jr  half  that  size.  At  its  base  it  diverges  somewhat  from  the 
Bs,  towards  the  tympanum  and  vestibule,  and  presents  thr^e 
|S.  Of  these,  one,  free  and  oval,  enters  the  vestibule ;  another 
lenestra  rotunda,  communicating  with  the  tympanum  in  the 
ie,  but  filled  up  in  the  recent  state  by  a  proper  membrane,  the 
bw  Ijfmpatti  secundarui;  (he  third  is  the  minute  orifice  of  the 
iiu  cochka,  a  funnel-shaped  canal  leading  to  the  jugular  fossa^ 
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and  supposed  to  Iransroit  a  small  vein.  The  spiral  canal  ile*rft* 
about  two  turns  and  a  half,  of  which  the  first,  pnssing  round  Ihelirsi 
base  of  the  modiolus,  takes  much  the  widest  sweep,  so  as  to  enridt 
most  of  the  second  turn.  The  inner  wall  of  this  coiled  canal,  »bii 
been  shown  by  Ilg,  forms  the  outer  wall  of  the  modiolus. 

The  spiral  canal  of  the  cochlea  is  subdivided  into  two  passage!  In 
an  osseo-merobrannus  laminn,  extended   between  its  modiolai  iti 
peripheral  wall,  and  of  course  taking  the  same  spiral  direction  sObt 
cana!  itself.     This  is  Ihe  lamina  spiralis,  the  fundamental  elemmiol 
the  cochlea,  on  which  the  nervous  tubules  are  spread  out.    Man 
than  half  its  breadth  on  the  side  of  the  modiolus  is  formed  byavtrj 
brittle  osseous   process   from   the  modiolus,  called  the  outauivn*, 
enclosing  minute  channels  continuous  with   those  of  that  pari,  inJ 
transmitting  the  nerves;  its  opposite  or  outer  portion  is  membramni 
and  muscular,  and  connects  the  outer  thin  edge  of  the  osseoui  mt 
to  Ihe  outer  wall.     The  osseous  zone  commences  gradually  wliHi 
the  vestibule,  and  enters  the  spiral  canal  between  the  vesfibulnr  irnl 
tympanic  openings  of  the  cochlea,  forming,  with  the  help  ofiiie 
membranous   extension,   a   complete   septum  between   Ibern.    Tit 
passages,  or  scala,  into  which  the  spiral  lamina  divides  the  cini\ 
correspond,  therefore,  respectively  to  those  chambers:  the  uppa, 
towards  the  apex  of  tlie  cochlea,  scala  vestibuli,  the  lower,  towiiA 
its  base,  scala  tympani.     These  seals  are,  on  the  whole,  prellyfjinl 
in  size;  Ihe  vestibular  scala  is,  however,  the  smaller  at  the  baM,4e 
tympanic,  near  the  apex,  of  Ihe  coil;  and   the   latter  ceases  ere  it 
reaches  ihe  summit.     At  the  apex  of  the  cochlea  Ihe  parts  haven 
arrangement   difficult   lo  describe,  though  easily  understood  wbo 
Been.     The  axis,  no  longer  hollow,  and  containing  nerves,  ia  redacd 
to  a  delicate  lamella  at  about  half  a  turn  from  the  dome-like  samoit, 
or  cupola,  formed  by  the  last  part  of  Ihe  spiral  canal.     This  Ismelli, 
which  is  the  real  apex  of  the  modiolus,  immediately  expands,  sIfeWliO 
upwards,  and   becomes  more  twisted  on  itself,  so  as  to  incladr  piit( 
or  all  of  the  last  half  turn  of  the  cochlear  canal,  being  termed  frootiV 
appearance  as  viewed  from  below,  Ihe  infundibulum,  or  funnel.    TV 
■wide  part  of  this  imperfect  funnel  is  directed  towards  ibe  cupol>< 
vilh  which  it  blends.     It  is  not  open  above,  but  on  the  side,  mil  it 
is,  in  fact,  the  outside  of  the  last  half  turn  of  the  canal,  projrcnttg 
into  the  turn  below. 

The  osseous  zone  of  Ihe  spiral  lamina  ceases  with  the' hollow  no* 
diolus  at  the  slender  lamella  already  mentioned,  terminating  !•/> 
small  projecting  hoolc  {hamulus),  the  concave  border  of  which  ii 
free,  and  directed  towards  Ihe  lamella,  so  as  lo  leave  an  opcainfDf 
deficiency,  the  helicotrema  of  Breschet,  by  which  the  scala;  tympW 
and  vestibuli  communicate.  The  membranous  zone  coonecti  At 
convex  border  of  the  hook  lo  the  outer  wall,  and  is  also  ccntinorf 
upwards  beyond  the  point  of  the  hook,  presenling,  however,  loinnl) 
the  infundibulum,  like  the  hook  itself,  a  free  concave  border,  c«- 
tributing  to  form  Ihe  orifice  of  communication. 

Such  being  the  form  of  the  osseous  labyrinth,  we  may  now  pi*- 
ceed  to  consider  the  more  delicate  parts  of  the  organ,  and  the  ima)^ 
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distribution  of  the  autlilory  nervea.  We  must  premise  thai  the 
Ijr  of  the  osseous  lahyr'mtfa  is  occupied  by  a  Itispid  fluid,  Ihe 
pnph,  so  called  by  De  BlainTJIle,  from  its  surrounding,  Ihoiigb 
te  vestibule  and  semicircular  canals  only,  a  liollow  membranous 
iiatus,  the  membranous  labyrintb,  which  latter  itself  contains  a 
'  ir  Quid,  the  endolymph. 


f  the  Slruciure  of  Ihe  Spiral  Lamina  of  the  Cochlea.— We  nhail 

Uie  two  surfaces  of  this  lamina  tympanic  and  vestibular,  as  they 
ird  respectively  the  tympanic  or  vestibular  scala.  The  osseous 
ion  of  ibe  spiral  lamina  extends  more  than  half  way  from  Ihe 
liolus  towards  (he  outer  wall,  and  is  perforated,  as  already  de- 
ted,  by  a  series  of  plexiform  canals  for  the  transmission  of  ihe 
llear  Derves;  these  canals,  taken  as  a  whole,  lie  close  to  Ihe 
tr  or  tympanic  surface,  and  open  at  or  near  the  margin  of  this 
I,  The  veslibular  surface  of  the  osseous  zone  presents  in  about 
BDter  fifth  of  its  extent,  a  remarkable  covering,  more  resembling 

texture  of  cartilage  than  anything  else,  but  having  a  peculiar 
Rgement  quite  unlike  any  other  with  which  we  are  acquainted, 
ig  Dacertain  respecting  the  office  of  this  structure,  we  shall  term 
ic  datticulole  lamina  (figs.  137,  and  138),  from  a  beautiful  series 
leth,  forming  its  outer  margin,  which  project  free  into  Ihe  ves- 
scala,  and,  in  Ihe  first  coil,  terminate  almost  on  a  level  with 
rBiargin  of  the  osseous  zone,  but  more  within  this  margin  towards 
apex  of  the  cochlea.  They  thus  constitute  a  kind  of  second 
pu  to  Ihe  osseous  zone,  on  the  vestibular  side  of  the  true  margin, 

bavtsg  a  groove  beneath  them,  which  runs  along  the  whole 
1m  spiralis,  in  the  vestibular  scala,  icnmedlately  above  the  true 
gio  of  the  osseous  zone.  The  intervals  between  Ihe  teeth  are  to 
teen  on  their  upper  surface,  on  their  free  edge,  and  also  within 

groove,  so  ihal  the  teeth  are  wedge-shaped,  and  their  upper 

under  surfaces,  traced  from  the  free  edge,  recede.  The  free 
^ting  part,  or  teeth  of  the  denticulate  lamina  form  less  than  a 

'  of  its  entire  breadth,  and  in  the  remainder  of  its  extent  it  ap- 


l_      _ 
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pears  to  rest  on  the  osseous  zone ;  seen  from  above,  after  the  ostm 
zone  has  been  rendered  naore  transparent  by  weak  hydrochloticjcid 
(fig.  138),  rows  of  clear  lines  may  be  traced  from  the  teeth  ililit 
convex  edge,  towards  ihf  cf- 
J"iK-  13''-  posile  or  concave  edge  oi  it 

lamina.  These  lines  appnr 
to  be  a  structure  resembling 
that  of  the  teeth  IhemKlro, 
and  they  are  separated  ftui 
one  another  by  rows  of  dnr, 
highly  refracting  granulei, 
which  render  the  intervalsRf] 
distinct.  These  iDterTRli,  u 
seen  in  the  figure,  are  moRK 
less  sinuous  and  irregululj 
branched. 

The  denticulate  lamiQa,lbiii 
placed  on  the  TestibuUrw 
face  of  the  osseous  zone,  b 
above,  and  at  some  diMUK 
from  the  plexus  of  the  cxtim 
nerves,  which  lie  neat  itsljfr 
panic  surface.  The  vestiWu 
surface  of  the  osseons  »«. 
including  the  denticutitt  !i- 
mina,  is  convex,  rising  fi« 
the  free  series  of  teelh  lowiill 
the  modiolus. 

In  the  groove  alreadj  we- 
tioned  there  is  a  series  of  *te^ 
gated  bodies,  not  unlike  columnar  epithelium,  in  which  thenvdii 
are  very  faint.  These  bodies  are  thick  and  cubical  at  one  eod.uiJ 
taper  much  towards  (he  other.     They  are  united  in  a  row ;  and  it  i) 

Sossible  they  may  have  some  analogy  to  the  club-shaped  bo<li«of 
acob'a  membrane.  We  can  assign  thera  no  use. 
Continuous  with  the  thin  margin  of  the  osseous  zone  is  the  mem- 
branoui  zone.  This  is  a  transparent  glassy  lamina,  having  wnit 
resemblance  to  the  elastic  laminae  of  the  cornea,  and  the  capsule  fi' 
the  lens,  A  narrow  belt  of  it  next  the  osseous  zone  is  smooth.  )Qii 
exhibits  no  internal  structure,  while  in  the  rest  of  its  width  il  f 
marked  by  a  number  of  very  minute  straight  lines,  radiating  oul^r^ 
from  the  side  of  the  modiolus.  These  lines  are  very  delicate  al  ibf 
commencement,  become  more  strongly  marked  in  the  middle,  •<><! 
are  again  fainter  ere  they  cease,  which  they  do  at  a  curved  lintw 
the  opposite  side.  Beyond  this  the  membranous  zone  is  again  c!«f| 
and  homogenous,  and  receives  the  inserlion  of  the  cochleans  mattit- 
The  irnter  dear  belt  of  the  membranous  zone  is  little  aOecled  hyvtiii' 
It  seems  hard  and  brittle.  The  middle  or  pectinate  jxyrHori  u  ooi* 
flexible,  and  tears  in  the  direction  of  the  lines.  The  outer  tltary^ 
is  swollen,  and  partially  destroyed  by  the  action  of  acetic  acid.   AIodS 
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CHAPTER  XVI. 

W  aiELL.-^CATITIE8  OF  THE  NOSE. — STRUCTURE  OF  THE  NASAL  MUCOUS 
KEMBmANE.— •OLFACTORY  REGION. — NERVES  OF  THE  NOSE. — CONDl- 
TKIN8  OF  SMELL. 

Tms  sense,  designed  to  acqaaint  as  with  the  odorous  qualities  of 
yntieles  suspended  or  dissolved  in  the  atmosphere,  is  seated  in  a 
"^oition  of  the  nasal  mucous  membrane  to  which  the  air  has  access 
during  ordinary  breathing,  and  it  may  fairly  be  regarded  as  appended 
lo  the  respiratory  or^n,  much  as  the  sense  of  taste  has  been  seen  to 
fottm  to  the  digestive  apparatus.  But  though  it  may  serve  to  pro* 
iMt  the  lungs  from  the  inhalation  of  deleterious  gases,  its  principal 
ve  ippears  to  be  that  of  seconding  the  impressions  of  taste  in  con- 
lejiBg  intelligence  of  the  properties  of  food ;  for  it  almost  invariably 
k^iens,  that  food  possessing  a  decided  flavour  has  likewise  a  not 
Ml  characteristic  smell. 

UoUke  the  organs  of  touch  and  taste,  that  in  which  smell  resides 
hi  DO  capacity  of  movement  in  relation  to  its  ordinary  stimuli ;  a 
deficiency  ^uite  supplied  by  the  expansion  of  the  chest  in  breathing, 
tvhich  carries  the  stream  of  odorous  particles  over  the  sentient  sur- 
iMe. 

The  nose  consists,  1,  of  two  chief  cavities  or  nasal  fossa  separated 
fiom  one  another  by  a  vertical,  bony,  and  cartilaginous  septum,  and 
cteh  partially  subdivided,  by  the  spongy  or  turbinated  bones,  pro- 
jecting from  the  outer  wall,  into  three  passages  or  meatuses:  and,  2, 
ofsabordinate  chambers,  cells,  or  sinuses^  of  irregular  size,  hollowed 

C*  leipally  in  the  ethmoid,  sphenoid,  frontal,  and  superior  maxillary 
es,  and  communicating  by  narrow  apertures  with  one  or  other 
■eatns. 

The  nasal  fosses  are  lofty  and  of  considerable  depth,  but  much  nar* 
lowed  in  lateral  extent  by  the  projection  of  the  spongy  bones  towards 
the  feptom,  which  they  almost  touch.  They  open  in  front  by  the 
noflrtb,  which,  by  their  horizontal  position,  direct  the  air,  as  it  enters, 
towards  the  upper  region,  where  the  sense  of  smell  is  developed  ; 
hchtnd,  they  lead,  through  a  vertical  slit  on  each  side,  the  posterior 
mmres  or  nostrils,  into  the  upper  compartment  of  the  pharynx,  above 
the  soft  palate,  into  which  the  food  never  penetrates,  which  is  strictly 
a  peit  of  the  respiratory  tract,  and  which  communicates  through  the 
Eoitachian  tubes  with  the  middle  ear.  The  nostrils,  as  parts  of  the 
comitenance,  and  placed  as  safeguards  at  the  commencement  of  the 
air-pessages,  are  more  elaborately  organized  than  the  posterior  nares, 
which  indeed  are  simple  communications,  without  anything  remark- 
able ID  their  constructi6n,  except  the  shelving  of  the  floor  of  the  nose 
into  die  upper  surface  of  the  soft  palate,  favouring  the  gravitation  of 
nacus  fiom  the  nose  into  the  pharynx.  The  nostrils  have  a  carti- 
laginous framework,  which  keeps  them  open,  unless  forcibly  com- 
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pressed.     This  framework  consists  of  Sve  principal  pieces:  one  in  Ike 
middle,  the  septal  cfirtllage,  a,  completing  the  septum  in  frnnli  ud 
two  on  each  side,  the  lateral  and  alar  cirlh 
Fig-  103.  lages,  6,  c,  forming  respectively  the  side  of 

the  nose  below  the  nasal  bones,  and  thevisg 
of  the  nose.  The  former  of  these  is  lriu«i- 
lar,  and  rests  against  the  front  edge  ofitK 
septal  cartilage ;  the  latter  is  thinnej  and  owe 
flexible,  and  curved  upon  itself  to  form  ^ 
dilatable  chamber  just  within  the  ntiilHl. 
Several  loose  nodules  or  flakes  of  cartilip 
frequently  exist  in  connection  with  tbcdv 
cartilages.  The  nostrils  are  further  siipplid 
with  three  pairs  of  muscles ;  viz.,  thai  cilld 
by  Albinus  compressor  nam,  but  vbichii 
rather  a  lateral  dilator,  the  levator  aad  dtpm- 
sor  alts  nasi.  By  these  the  orifices  are  diiau^ 
when  we  sniff  the  air  in  smelling,  as  veil  U 
under  the  influence  of  certain  pa.suons.  Tb 
integuments  of  the  nose  are  studded  wilblU 
orifices  of  sebaceous  follicles,  which  are  anw^ 
the  largest  in  the  body,  and  so  nuinerouii 
to  form  a  (hick  continuous  layer  uaJer  ih 
cutis;  and  immediately  within  the  nostriliii 
a  growth  of  strong  hairs,  or  mbrissiP,  dcsipai 
to  obstruct  the  entrance  of  injurious  substances. 

With  regard  to  the  interior  of  the  nose,  its  cavities  are  formwl  of 
bone,  generally  thin,  compact,  and  laminated,  everywhere  invcjlnj 
with  periosteum.  This  latter  Is  lined  with  raucous  membrane,  ll" 
Schneideriun  or  pituitary  Tnembram,  continuous  with  the  skin  o(lhi 
face  at  the  nostrils,  with  the  mucous  covering  of  the  eye  through  tbr 
lachrymal  passages,  and  with  that  of  the  pharynx  and  midiiU  te 
through  the  posterior  nares. 

The  mucous  membrane  of  the  nose  varies  in  its  structure  in  lii'' 
ferent  regions.  In  many  situations,  especially  in  the  sinuses,  it iik 
intimately  connected  with  the  periosteum  that  that  fibrous  niMbtJiK 
is  in  fact  a  submucous  areolar  tissue;  and  the  entire  lining  of  llit 
bone  has  been  sometimes  called  a  fibro-mucous  membrane,  wtai. 
as  a  whole,  is  delicate  in  the  extreme.  On  the  septum  and  sfODf] 
bones,  bounding  the  direct  passage  from  the  nostrils  to  the  thrMi> 
the  lining  membrane  is  much  more  thick,  partly  in  consequence  of ' 
multitude  of  glands  being  disseminated  beneath  it,  and  opening  upo> 
it,  but  chiefly  perhaps  from  the  presence  of  ample  and  capacious  si^ 
mucous  plexuses  of  both  arteries  and  veins,  of  which  the  latter  v 
by  far  the  more  large  and  tortuous.  These  plexuses,  lying,  as  tktj 
do,  in  a  region  exposed  more  than  any  other  to  external  cooUog  in- 
fluences, appear  to  he  designed  to  promote  the  warmth  of  the  pWi 
and  to  elevate  the  temperature  of  the  air  on  its  passage  to  the  lun^ 
They  also  serve  to  explain  the  tendency  to  hemorrhage  from  thenwe 
in  cases  of  general  or  local  plethora. 
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To  the  Ticinitf  of  the  nostrils  the  mucous  membrane  exhibits  pa- 
iDk,  and  a  scaly  epithelium,  like  the  corresponding  parts  of  the  skin. 

■  the  sinuses  and  in  all  the  lower  region  of  the  nose,  the  epithelium 

■  of  extreme  delicacy,  being  of  the  columnar  variety,  and  clothed 
wA  cilia.  This  being  the  first  occasion  on  which  we  have  had  to 
ifok  of  this  kind  of  epithelium,  we  shall  briefly  describe  its  structure 
Ml  mode  of  growth. 

the  nucleated  particles  of  which  it  consists  are  found  in  a  double 
Mrics:  of  which  the  first,  resting  on  the  subjacent  basement  tissue, 
nil  jet  imperfect;  and  the  second,  rising  to  and  forming  the  free 
tStmi  surface  of  the  membrane,  is  completely  developed,  and 
Innhed  with  cilia.  The  deeper  series  is  the  more  adherent,  and 
f  Rcent  will  be  found  to  remain  more  or  less  attached,  when  the 
l^etficial  and  perfect  layer  has  been  removed  by  a  gentle  stream  nf 
■Her.  It  will  then  have  the  appearance  represented  at  b,  fig.  103, 
tk  nnelei,  vhich  are  arranged  nearly  on  the  same  level,  are  ovoid, 
lid  contain  usually  two  nucleoli,  even  more  pellucid  than  themselves. 
He  nrrounding  substance  is  in  relatively  small  quantity,  and  is  seen 
tter  as  a  mere  film  around  the  nucleus,  or  vertically  elongated  in 
MrioBB  degrees.     In  the  superficial  series,  r,  the  nuclei,  though 

tem  the  same  general  level,  are  placed  some  higher  and  some 
,■3  if  for  convenience  of  package,  since  the  particles  bulge 
iietetbe  nuclei  are  situated.     The  nuclei  are  scarcely  different  in 

Pig.  103. 


.^•fikaelUucdepilhaUunorHiB  now,  Ken  in  MCtion  :-■.  Sntxifieiil  niiii,  ehnlwd  wiih 
«fc  L  Deapat  hiih.  baeaning  alongMed  TanicaJJy.  e.  Vaiioai  atiape*  o[  ilia  panael  ciliucd 
MdK-.lIagaiGcd  IWdiunclerL 

Mwshape  from  those  below.  The  surrOuoding  granular  substance 
*  (be  particle  is,  however,  much  longer  than  before;  below,  where 
itiiiioplanted  between  the  particles  of  the  deep  series,  it  is  pointed, 
An^  Bcrmetimes  blunt,  and  often  club-shaped,  while  the  upper  end 
■hi^es,  and  terminates  by  a  flat  surface,  from  which  the  cilia  pro- 
^t.  It  mast  be  observed,  that  the  cell-merobrane,  so  apparent  in 
k  Kdy  epithelium  heretofore  described,  is  not  to  be  found  in  this 
»iety.  It  is  either  early  absorbed,  or  else  so  delicate  and  so  united 
>dK  contained  substance,  as  not  to  be  distioguishabie  as  a  separate 

it  appears  clear  that  this  double  series  of  particles  constitutes  two 
iges  of  growth  of  the  same  structure.  Instances  are  not  wanting  of 
iftkles  intermediate  between  the  two,  in  which  the  future  surface 

the  nembrane  is  marked  by  a  horizontal  line,  above  which  the 
nrahr  aubstance  exhibits  a  vertically  fibrous  structure,  indicative 
S6 
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of  the  coming  cilia.  Moreover,  vie  have  met  wiEE 
which  a  surtace  perfectly  cilialed  was  sllll  covered  with  a  I: 
other  ciliated  particles,  (hat,  from  their  hall- dissolved  ap{>e 
had  evidently  passed  their  prime,  and  were  in  process  of 
This  progressive  development  of  the  particles  as  ihey  reced 
the  vasuular  source  of  their  nutriment,  and  especially  the  ev 
at  last  of  those  delicate  evidences  of  life,  the  ciliary  appendag 
glaring  example  of  the  essential  independence  of  the  vitality 
tissues  on  the  blood-vessels,  and  makes  il  more  easy  to  conce 
really  subordinate  or  ministerial  ofSce  of  those  channels. 

We  now  come  to  the  proper  seat  of  the  sense  of  smell, 
paratively  limited  district  of  the  nasal  organ,  to  which  we  shal 
the  term  olfactory  regioTi.  As  this  olfactory  region  has  not  1 
been  distinguished,  nor  its  character  understood,  we  shall  U 
it  somewhat  minutely.  This,  as  well  as  other  parts,  can  I 
examined  in  animals,  because  they  can  be  procured  fresb,  a 
state  of  health.  The  mucous  membrane  so  soon  loses  man; 
most  interesting  features,  especially  where  death  has  folloi 
chronic  disease,  that  the  human  subject  is  not  Ihe  most  fav< 
for  the  investigation  of  its  physiological  anatomy,  and  can  i 
advantageously  inspected  after  Ihe  lower  animals  have  fu 
the  general  clue.  This  remark  is  well  illustrated  by  the 
instance. 

The  olfactory  region  is  situated  at  the  top  of  Ihe  nose,  immi 
below  the  cribriform   plate 


ethmoid    bone,    ibrc 


whi 


olfactory  nerves  reach  the  men 
and  it  extends  about  one>tt 
one-fourth,  downwards  on  tl 
turn,  and  over  the  superior  a 
of  the  middle  spongy  bones 
ethmoid.  lis  limits  are  di 
marked  by  a  more  or  less  rich 
brown  lint  of  the  epithelium, 
a  remarkable  increase  in  the  tb 
of  this  structure,  compared  i 
cilialed  region  below;  so  mi 
that  it  forms  an  opaque  sol\  pu 
the  surface  of  the  membran 
different  from  the  delicate 
transparent  film  of  the  sinui 
lower  spongy  bones.  The  epi' 
indeed  here  quite  alters  iisch 
being  no  longer  cilialed,  bu 
posed  of  an  aggregation  of 
posed  nucleated  particles,  ol 
uniform  appearance  throughout;  except  that,  in  many  insti 
layer  of  those  lying  deepest,  or  almost  decpesi,  is  of  a  darlcej 
than  the  rt^st,  from  Ihe  brown  pigment  contained  i 
104,  b).     These  epithelial  particles,  then,  are  not  ciliate 
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inn  a  thick,  soft,  and  pulpy  stratani,  resting  on  the  basement  mem- 
mne.  The  deepest  layer  often  adheres  after  the  others  are  washed 
ivay.  On  looking  on  the  under  suriBce  of  this  epithelium,  when  it 
in  been  detached,  we  observe  projecting  tubular  fragments,  similar 
0tbe  cuticular  lining  drawn  out  of  the  sweat-ducts  of  the  skin,  when 
k  cuticle  is  removed  after  maceration  (figs.  79  and  80).  In  fact, 
^mds  apparently  identical  with  the  sweat-glands  exist  in  this  region 
■  great  numbers.  They  dip  down  in  the  recesses  of  the  submucous 
iMe,  among  the  ramifications  of  the  olfactory  nerves;  and  their 
mfiees  are  very  easily  seen,  after  the  general  brown  coat  of  epithe- 
hm  has  been  detached,  lying  more  or  less  in  vertical  rows,  the 
MDgement  of  which  is  probably  determined  by  the  course  of  those 
nrves  beneath.  They  become  more  and  more  sparing  towards  the 
iaitsof  the  olfactory  region.  The  epithelium  of  these  glands  is 
nlky,  and  like  that  of  the  sweat-glands,  contains  some  pigment.  As 
kt  duct  approaches  the  epithelium  of  the  general  surface,  its  wall 
SNones  thinner  and  more  transparent;  and,  in  its  subsequent  course 
ipvards,  it  is  diflScult  to  be  traced,  for  it  does  not  appear  to  be  spiral, 
nits  particles  to  differ  from  those  which  they  traverse.  We  have 
■Betimes  seen  rods  of  epithelium,  apparently  hollow,  left  projecting 
hm  the  basement  membrane,  after  the  brown  epithelium  has  been 
mhed  away;  and  these  are  perhaps  portions  of  the  excretory  ducts 
of  these  glands. 

A  good  injection  of  the  nasal  organ  in  the  foetus,  both  of  man  and 
ittiDils,  will  display  a  multitude  of  minute  capillary  loops  upon  the 
miace  of  the  olfactory  region,  bearing  a  close  resemblance  to  those 
of  rudimentary  papillae.     These  loops  were  first  pointed  out  to  us  two 

Cago  by  Mr.  Quekett  in  the  foetal  pig,  and  also  in  the  human 
at  its  full  term;  and  so  clearly  did  they  se^m  to  indicate  the 
presence  of  true  papillae  in  this  region,  that  we 
■ade  repeated  and  close  examinations  of  the  F<g*  ^05. 

iNent  organ,  in  order  to  expose  their  structure, 
■pposing  them  to  be  concerned  in  the  sense 
rfmell.  These  researches,  pursued  on  adult 
^Kcimens,  have  been  hitherto  fruitless;  at 
Kut,  we  have  found  no  other  evidence  of 
ptpille  than  delicate  hollow  epithelial  pro- 
files remaining,  after   a   gentle   current   of       ^,     . 

«ft<^  u     I  11  At  •       '      ^  A.'  Dilated  loopinfr*  of  ihe  ca- 

vver  bad  washed  away  the  principal  portion  ptiianet  or  the  oifactorr  n- 
rflhe  brown  epithelial  investment-an  ap-  fcS  ind^Sel**"' ' 
pQnnce  too  ambiguous  to  be  spoken  of  with 
confidence.  In  the  human  foetuses  we  have  injected,  the  loops  are 
Meh  as  are  represented  above  (fig.  105).  The  convexity  of  the  loops 
pnMnts  a  decided  dilatation,  being  from  77^  to  ^7^7  of  an  inch 
^e,  while  the  diameter  of  the  capillary  on  either  side  is  only 
^bout  Ym  inch.  We  have  hitherto  failed  in  seeing  any  loop-like  or 
vojecting  capillaries  in  injections  of  adult  specimens.  Care  must  be 
iken  not  to  confound  these  loops  in  the  olfactory  region  of  the  foetus 
rilh  the  loops  of  the  undoubted  true  papillae,  situated  just  within  the 
ostrils,  and  which  belong  to  touch. 
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O/the  JVerves  of  the  JVose.— These  are  the  fir 
of  the  fifth  pair,  besiiles  motor  filamenls  from  the  facial  nerve  la  ikl 
external  muscles.  The  hrst  pair  has  long  been  consijered  » Ik 
proper  nerve  of  smell,  though  not  without  dispute.  That  ilhasben 
rightly  so  regarded,  however,  is  evident  for  many  reasons.  Itiliai- 
tation  to  Ihe  upper  and  middle  spongy  bones,  lo  Ihe  roof  of  lh(  mA 
fbssce,  and  to  Ihe  upper  half  of  the  sepHim,  where  the  mucouiiiKB- 
brane  exhibits  peculiar  characters,  and  smell  is  principally,  if  M 
delusively,  exercised ;  its  development  in  the  vertebrate  clnn,  fi> 
pnrtionate,  OBieris paribus,  (o  Ihe  acutenesa  of  smell,  being  largHtii 
animals  of  keenest  scent;  the  loss  of  smell,  without  other  (ffeci. 
eonsei^uent  on  its  division;  logelher  with  the  perversion  ot  Ion  ot 
smell  found  in  many  authentic  cases  in  connection  with  di)«aK  of 
these  nerves  or  Iheir  associated  cerebral  region:  all  these  facta pdiil 
irresistibly  lo  this  conclusion. 

Of  the  First  Pair.— Under  this  head   are  to  be  described  4t 

'   (^factory  process  or  lobe,  and  the  olfactory  filaments  distribolidl 

I  Ihe  nose. 

The  offactory  procesSf  or  lobe  (a,  b,  fig.  106),  is  a  sleodt 


Pl  AiHii,  wiih  (ha  EbrH  iponf)'  bonea   .. 

. inRnKntuf  iho  olbclary  GlmisntiDn  !&■  upper  unil  loidilli  •psna*  baticiL   c  rMMj" 

I  irUhin  Ibg  ininiom  wilh  iti  OaiHtlan  Eliiglion.  d  Ii>  tupFrnr  iniiTrrur  .n*i>iM.  nM 
I  bruwbealo  MackBl'i  jpingiiDn,  uid  ibrvuifiibu  lo  ihe  Ihne  ■ponir  hensi,  wlieM  iheT*"*!^ 

I  *  Peaierior  polmiine  Iwin  rnun  MeekEl'i  nngllon,  lapnlriPir  ibe  viA  uid  b*i4  naiali.  '  0<** 
L  «rtli*  Eaxuhiui  luhe  au  Iha  lide  of  Ibe  phacy  ni,  iHihind  the  Vowec  ipongy  boM^Fran  feaar 
r  ta(MwB-ihirt«  dUmeier. 

I  of  fibrous  and  vesicular  nervous  matter,  terminating  in  front  in  < 

I  bulb;  and  it  is  sunk  in  the  fissure  which  bounds  the  supra-orhinr 

convolutions  on  the  under  surface  of  (he  anterior  lobe  of  the  cerebn)" 

(p.  2&5).     It  is  connected  with  the  inferior  surface  of  the  brain  i) 

an  external  and  internal  root.     The  former  is  (he  longer,  and  a'J 
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the  nerrouB  nrntter  forming  the  floor  of  Ihe  fissure  of 

among  the  arteries  of  the  locus  perforatus,  towards  the 
iter  part  of  the  corpus  striatum,  near  the  anterior  com- 
ic cerebrum.     In  the  dog  and  cat,  where  this  process  is 

the  anterior  commissure  seems  to  hare  a  more  intimate 
e  olfactory  processes.  In  the  same  animals  the  white 
<e  process  is  continuous  also  with  that  of  the  largely 
ippocampus  major.     The  internal  root  winds  inwards, 

the  gray  matter  in  front  of  the  optic  commissure,  near 
iXtremity  of  the  corpus  callosum.  In  front  of  the  point 
ots  join,  there  is  s  process  of  gray  matter  constituting  a 
-  root,  and  which  is  continued  forwards  as  a  portion  of 

process,  as  far  as  the  bulb,  where  it  expands. 
if  the  olfactory  process  (fig.  106,  b)  is  an  elongated  oral 
'oui  matter,  which  lies  upon  the  cribriform  plate.  The 
QS  of  the  olfactory  process  terminate  in  its  posterior  ex- 
contains  H  small  ventricle,  which,  in  some  of  the  lower 
rolonged  backwards  as  for  an  the  cerebral  rentricles. 
e  is  lined  with  a  delicate  white  layer,  but  with  this  ex- 
vhole  olfactory  lobe  consists  of  gray  matter.  In  particular 
bserred,  that  the  under  portion,  which  reposes  on  the 
ite,  and  sends  down  the  olfactory  filaments,  contains  no 

oryjilarMnls  [6gs.  106,  7,  8)  are  from  fifteen  to  twenty- 
er,  and,  passing  through  the  apertures  of  the  cribriform 
i  seen,  invested  with  fibrous  sheaths  derived  from  the 
opon  the  deep  or  attached  surface  of  the  mucous  mem- 
olfactory  region.  Tbey  here  branch,  and  sparingly  re- 
lexiform  manner,  as  they  descend.  They  form  a  con- 
rt  of  the  entire  thickness  of  the  membrane,  and  di9*er 
ihe  ordinary  cerebral  nerves  in  structure.  They  contain 
stance  of  Schwann,  are 
intoelementaryfibrillae,  '*  l". 

,  and  finely  granular  in 
are  invested  with  a 
mogeneous  membrane, 
bling  the  sarcolemma, 
.ctty,  that  neurilemma 
area  from  the  nerves  of 
64,  p.  209.  These  facts 
atedly  ascertained,  and 
I  be  of  great  importance 
I  question  of  the  func- 
veral  ultimate  elements 
113  structure,  especially 
d  in  connection  with 
!  said  on  the  anatomy 
.  We  are  aware  that 
tats  deny  the  existence 
tDbstance  of  Schwann  as  a  natarvl  element  of  the  nerre- 
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fibre  in  any  case,  pretending  that  it  is  formed  by  KrtiCicial  aoiaol 
preparation  ;  we  hold  it  to  be  »  true  structure  ;  but,  bonerer  that  an; 
be,  these  nerves  never  exhibit  it,  however  prepared.  Thej  nliu 
correspond  with  the  gelatinous  fibres.  Now  (liere  is  no  ktui  of 
doubt  that  Ihey  are  a  direct  continuation  frora  the  vesicuUr  loiltB 
of  the  olfactory  bulb.  The  arrangement  of  the  cftpillartes  iawtU- 
injected  specimens  is  a  convincing  proof  of  this,  as  these  tmmIi 
gradually  become  elongiiled  on  the  nerve  assuming  a  fibrous  chanettt 
as  it  quits  the  surface  of  the  bulb ;  and  further,  no  tubular  fibfMUi  s 
ever  be  discovered  in  Ihe  pulp  often  lel^  upon  the  orifices  of  dwcii^ 
riform  plate  after  detachment  of  the  bulb.  It  must  be  remenbenl, 
that  a  few  tubular  fibres  frotn  the  nasal  nerve  of  the  fifth  iiett  ui 
there  accompany  the  true  olfactory  filaments,  but  these  only  wmB 
make  the  dilTerence  more  evident  by  contrast. 

Although  these  nucleated  olfactory  filaments  lie  in  great abtindiM 
I  Qtider  the  mucous  membrane  of  the  olfactory  region,  we  bare  txa 
L  quite  foiled  in  our  attempts  lo  Irace  their  ultimate  distribution  inlbt 
I  membrane,  and  tbe  dlfiiculty  is  attributable  to  their  want  of  Ibechk- 
I  ncteristic  white  substance.  Their  elongated  nuclei  renderlhe  \trpi 
\  branches  unmistalceable;  but  if  these  become  resolved  at  last  mlt 
I  gfarous  elements,  the  nuclei  cease  to  be  distinct  from  those  of  ibt 
I'nunierous  nucleated  tissues  which  they  traverse.  In  this  respect  tiff 
I  correspond,  in  all  probability,  with  the  nerves  of  some  of  the  pwU* 
I  of  the  tongue  (see  pp.  379-380) ;  and,  considering  Ibe  simiWj 
I  between  the  two  senses,  an  argument  may  be  hence  deduced  bt^ 
[  limitation  of  the  sense  of  taste  to  those  elementary  nerve-fibres  pMg 
I  to  the  tongue  which  are  without  the  white  substance  of  Schwann,  u 
1  this  be  so,  the  looped  tubular  fibres  are  confined  to  the  impre^ouM 
I  touch  in  that  organ. 

I  We  are  averse  from  speculating  prematurely  on  Ihe  meaning  til 
[  inatnmical  facts,  but  as  some  hypothesis  will  intrude  itself,  we  wadJ 
I  venture  to  hint  that  this  amalgamation  of  Ihe  elements  of  the  peripbtnl 
I  part  of  tbe  olfactory  nervous  apparatus  in  the  larger  branches,  *i>d 
[  probably  in  the  most  remote  distribution,  as  well  as  the  nucleiinl 
I  ^aracter  indicative  of  an  essential  continuity  of  tissue  with  tbe  nsi- 
I  cular  matter  of  the  lobe,  are  in  accordance  with  tbe  oneness  of  lb* 
I  Sensation  resulting  from  simultaneous  impressions  on  diSTerMtiArU 
I  of  this  organ  of  sense,  and  neem  to  show  that  it  would  be  most  correct 
I  to  speak  of  the  first  pair  of  nerves,  as  a  portion  of  the  nerroui  C«t« 
I  put  forward  beyond  the  cranium,  in  order  that  it  may  theic  recent, 
I  as  at  first  hand,  the  impressions  of  which  Ihe  mind  is  to  becntneco^ 
I  nizant.  No  true  tubular  fibres  belong  to  the  olfactory  nervous  app*- 
I  nitus,  except  those  commissural  ones  passing  between  the  bulb  W 
I   certain  portions  of  the  cerebrum. 

I  The  branches  of  the  fifth  pair  given  lo  the  nose  (figs.  I06aiMll08), 
I  .are  derived  from  its  ophthalmic  and  superior  maxillary  divianni- 
E  The  nasal  twig  of  the  former,  crossing  the  orbit,  passes  over  the  eri!»- 
I  Tiform  plate  of  the  ethmoid  bone  inio  the  nose,  in  close  coolacl»i* 
a  portion  of  the  olfactory  nerve,  and  most  probably  forms  some  »n«»- 
tomoses  with  iL     Its  subsequent  course  is  downwards,  subdiriding 


t 


down.  Behind,  tba  nuo-paluinc 
ikel'tfanKlioii  ii  uea  drarsoilini 
■uiiH  null.    In  fhML  lbs  bii>*1 


M^mI 
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I  npplf  the  macoQS  membrane  and  skin  in  the  neigbboarhood  of  the 

rtcrior  orifices.     The  pungAt  sensation  preceding  sneezing  seems 

I  be  an  affection  of  this  twig, 

id  the  flow  of  tears  that  accom-  Fig-  los. 

■niea  that  act  is  accounted  for 

f  the  coroDiDn   source   of  this 

id  of  the  tachrymal  nerve.  The 

1*1  bniDches  of  Meckel's  gan- 

lioD  enter  the  nose  through  the 

pheno- palatine   foramen,  or  by 

DKa  between  tbis  and  the  pos- 

>iw  palatine   canal,  and   then 

pcead  orer  the  three  turbinated 

ones  and  the  septum  nasi,  anas- 

mosing  at  severa!  points  with 

In  olfactory  filaments,  and  wilh 

ke  Dasal  branch  of  the  opbthal- 

IM  (figs.  106  and  108).     When 

he  fifth  nerre  is  diseased,  so  that      Na 

■mlion  is  lost  generally  in  the    '^^ 

Cts  nipplied  by  it,  a  brush  may  ;^ 
btroduced  into  the  nostril,  and  «>  »> 
4bed  over  the  surfaces  usually  ttlc'i 
■  extremely  sensitive,  witbout  ^1; 
le  sli^test  discomfort  to  the 
Mtient.  Similar  eflecis  follow  division  of  the  nerve.  Hence  it  may 
n  eoQcladed  that  the  fifth  gives  common  sensibility  to  the  nose,  in 
nmmoD  with  most  of  the  other  parts  which  it  supplies. 

Conditions  of  tmell. — In  addition  to  the  essential  conditions  of 
rtegrity  of  the  nervous  apparatus,  and  the  presence  of  the  requisite 
linalus,  a  healtby  condition  of  the  epithelial  investment  of  the  papilla! 
mna  necessary  for  perfect  smell.  If  the  mucous  surface  is  dry,  or 
r  it  is  in  the  raw  irritable  state,  attended  with  watery  discharge, 
idneed  by  cold,  smell  is  impaired  or  lost.  This  is  explained  by 
oendering  the  manner  in  which  the  nerves  are  ordinarily  brought 
■der  the  influence  of  the  stimulus.  As  in  taste,  a  solution  of  the 
imalus  in  the  surface  of  the  membrane  is  requisite  in  order  that  the 
lonins  substance  may  actually  reach  the  nerve.  Insoluble  sub- 
iBces  cannot  be  smelt.  Hence,  whether  the  membrane  he  too  dry, 
ran  inordinate  excretion  of  fluid  he  going  on  from  its  surface,  the 
KcasaiT  penetration  of  the  stimulus  to  the  nerves  is  alike  interfered 
idi.  In  the  latter  case,  the  effect  may  partly  depend  also  on  a 
Mage  produced  by  the  inflammatory  action,  in  the  excitability  of  the 
crres  themselves. 

Since  odorous  substances  must  undergo  solution  before  they  can 
Feet  the  olfactory  nerves,  why,  it  may  be  asked,  cannot  such  sub- 
iBces,  if  dissolved  in  water  and  injected  into  the  nose,  be  recog- 
sed  by  their  smell  ?     In  answer  to  this  it  may  be  stated,  that  there 

no  reason  to  deny  the  possibility  of  their  being  so  recognized,  as 
r  Bs  the  excitability  of  the  nerves  is  concerned.    But  the  ciliated 
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□ithelium  of  ihe 


?  membra 
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md  the 


nerves  of  common  sensation  BumF 
y  resent  the  conlact  of  all  oibernuioi 
1  the  film  which  moistens  the  surface,  aod  which  is  Daturallf  i'u^ 
I'jiished  hy  it  in  due  proportion  to  the  esigeDcies  of  the  part;  ud 
f  vhen  the  membrane  is  thus  irritated,  and  its  texture  altered  bjAt 
I  water,  it  need  not  exciie  surprise  that  its  special  sensibility  shouMbt 
I  altered  or  disguised.  The  organ  nf  smell  in  lishes  resembles llul<f 
I  Bir-brealhing  animals  in  every  es.seniial  point  nf  structure,  and  ilifloi 
I  mainly  in  the  habitual  conlact  of  its  sentient  surface  with  tht  w- 
I  rounding  water.  It  may  therefore  be  concluded,  that  sensation  I «( 
I  smell  are  excited  in  it  by  substances  brought  to  it  through  Ihe  vittr, 
[  corresponding  in  kind  wi'h  those  brought  in  the  other  case  ibiwj^ 
I  ^he  air,  but  eventually  dissolved  in  the  moisture  of  the  memlinM- 
[  The  nature  of  the  sensation  will  depend  on  the  special  sensibili^ 
I  of  the  nerve,  which  in  both  coses  can  be  excited  only  by  theitJa» 
I  lating  substance  in  solution  ;  and  whether  air  or  water  btingilk 
I  stimulus  to  Ihe  surface  of  the  membrane,  is  made  important  oalylii 
I  the  special  adaptation  of  that  surface  to  the  contact  of  one  or  the  Dlis 
I   medium. 

I  We  may  here  notice  two  important  reasons  for  the  situation  o(  tin 
F  oi^an  of  smell,  so  high  up  in  the  nose,  in  addition  to  the  obvlouiott 
r  of  the  prolecfion  from  mechanical  injury  thus  aflbrded  to  so  d«!icw  ) 
I  I  part.  These  are,  that  it  is  thereby  screened  from  the  contact  oflii 
I  either  too  cold  or  too  dry.  The  interposition  between  llie  onm 
I  orifice  and  Ihe  organ  of  smell  of  projecting  and  folded  membraacidf 
I  active  secreting  powers,  and  containing  large  reservoirs  of  blaoil(i> 
I  the  plexuses  already  described),  seems  designed  lo  answer  both  ibnt 
1  purposes.  These  parts  break  the  force  of  the  current,  warm  it,  lail 
I  impart  that  degree  of  moisture  which  is  best  calculated  lo  aid  \it 
I  solution  of  the  odoriferous  particles  on  the  sentient  surface  to  ixbidi 
I  they  are  afterwards  applied.  The  remarkable  complexity  of  tbc 
I  lower  turbinated  bones  in  animals  with  acute  scent,  without  inj 
I  ascertained  distribution  of  the  olfactory  nerves  upon  them,  has  giren 
I  countenance  lo  the  supposition  that  the  fifth  nerve  may  possess  sooii 
I  olfactory  endowment,  and  seems  not  to  have  been  explained  byllioo 
I  who  rejected  that  idea.  If  considered  as  accessory  to  the  perfection 
I  of  the  sense  in  the  way  above  alluded  to,  this  striking  arrangdunt 
I  yill  be  found  consistent  with  the  view  which  limits  the  powet  of 
I   tmell  to  the  first  pair  of  nerves. 

I  We  have  already  remarked  that  Ihe  exercise  of  the  sense  of  socU 
I  is  not  attended  with  more  than  a  general  idea  of  locality.  The  tea- 
I  fation  is  even  more  simple  in  this  respect  than  Ihat  of  taste.  Units 
I  the  experiment  be  made,  we  know  not  that  we  are  constantly  exerting 
I  the  sense  on  two  sides,  for  the  double  sensation  is  perceived  u  i 
I  ^ngle  one.  Our  observations  on  the  anatomy  of  the  olfactory  nervoui 
1  ^paralus  may  assist  in  the  explanation  of  this  fad. 
I  The  sense  of  smell  maybe  voluntarily  heighteaed  by  shod  ud 
I  quick  inspirations,  which  drive  Ihe  air  smartly  against  the  uppei 
of  the  nose,  and  thus  lead  to  the  more  effectual  detention  of ' 
ferous  particles  by  the  membrane,  while  the  atlenlioD  is  gi 
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Dsations.  On  the  other  hand,  bj  closing  the  nostrils,  and  breathing 
rough  the  mouth,  all  access  to  the  organ  of  smell  is  prevented, 
:cept  that  gradually  eflected  by  admixture  through  the  pharynx 
id  posterior  nares.  It  is  through  this  latter  channel  that  the 
lorous  particles  of  food,  rising  from  the  throat  to  the  nose  during 
cpiration,  blend  the  sensation  of  smell  with  that  of  taste  so  strongly 
id  habitually,  that  it  becomes  difficult  to  discriminate  between 


Analogy  would  lead  to  the  belief  that  the  nervous  apparatus  of 
nell,  if  irritated  by  an  internal  cause,  would  be  the  seat  of  olfactory 
asations.  Such  subjective  phenomena  have  been  known  to  exist 
I  certain  cases  of  disease,  in  which  the  nerve,  or  the  anterior  lobe 
^the  brain,  has  been  ailerwards  found  disorganized.  Occasionally, 
A,  odours  are  perceived  without  the  actual  presence  of  the  object 
RMlly  giving  rise  to  them.  These  also  must  be  regarded  as  sub- 
dive. 

The  quality  of  the  sense,  also,  seems. to  vary  not  a  little  in  different 
eraons ;  some  being  strongly  affected,  even  to  faiutness,  by  a  scent 
rhich  is  almost  imperceptible  to  others.  The  odours  of  flowers,  for 
xample,  are  very  variously  appreciated,  as  every  one  must  have  more 
ff  less  observed.     There  are  corresponding  idiosyncrasies  in  the  other 


Ob  the  subjects  of  this  chapter,  in  addition  to  the  elementary  works  before  qnoled. 
ht  followiog  may  be  consulted: — Bchneideriu-s  de  osse  cribriformi  et  sensu  ac 
>|aBo  odoratas;  Scarpa,  de  organo  olfactas ;  also,  de  audita  et  olfactu ;  Scemmering, 
mm  on^ani  faamani  olfactus,  1809 ;  H.  Cloquet,  Osphr^iologie,  on  trait^  des  odeurs. 
hm,  1S31. 


CHAPTER  XVII. 

r  VinON.— -OF   THE   ANATOMY   OF   THE  EYEBALL,  OPTIC   NERVES,  AND 
APPENDAGES. — OF  THE   PHENOMENA  OF  VISION. 

It  would  appear  that-  an  animal  may  be  sensible  to  light  without 
messing  an  organ  of  vision.  Thus,  that  beautiful  little  polyp,  the 
fira^  shows  a  decided  predilection  for  the  light  side  of  the  vessel 
rwhich  it  is  kept.  Most  animals,  too,  require  the  presence  of  light 
r  the  full  performance  of  their  functions ;  and  this  is  not  the  case 
ilh  animals  alone,  but  with  plants  likewise:  both,  in  the  great  ma- 
rity  of  instances,  pine  away  in  the  dark,  or  fail  to  arrive  at  complete 
svelopment. 

Bnt  the  presence  of  an  organ  of  vision  implies  something  more  than 
e  mere  power  of  distinguishing  between  light  and  darkness.  It 
ml  enable  the  animal  to  discern  something  of  the  colour,  or  at  least 
'the  form,  of  surrounding  objects ;  and  this  in  a  degree  proportioned 
the  perfection  and  complexity  of  its  organization. 
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The  principle  on  which  Ihe  organ  is  constnicled  seem^ 
all  cases  ihe  same,  viz.,  ihat  of  tlie  camera  obscura — a  dark  chmnliir 
wilh  a  small  aperture  for  the  admission  of  light,  a  quantity  of  bliii 
matter  for  the  absorplinn  of  superabundant  rays,  and  a  nervout  eipui- 
sion  on  that  wall  which  receives  ihe  rays  of  light. 

Among  the  lower  invertebrata,  the  eyes,  or  ocelli,  ponsisl  onliofi 
nervous  point,  shielded  wilh  a  minute  quantity  of  colouring  cnaiifr. 
The  chief  additions  which  increase  the  complexity  of  ihese  orgawii 
the  higher  animals  consist  of  transparent  media  and  lenses  fotUr 
refraction  of  the  light,  and  Ihe  production  of  a  more  precise  imag*;"! 
an  apparatus  for  the  regulation  of  the  quantity  of  light  admiileil  ioiIk 
retina  ;  and  of  other  appendages  for  protection  and  movemenl. 

The  position  of  the  human  eye  at  the  upper  part  of  Ihe  fa«  md 
directed  forwards,  while  it  gives  lo  the  countenance  its  roost  irapniHui 
I  element  of  beauly,  adds  greatly  to  the  uiilily  of  the  organ,  by  intms- 
I  Ulg  the  visual  range.  For  protection  in  ihis  exposed  situatinn.ilii 
I  lunk  deeply  in  a  cushion  of  fat,  within  a  bony  cavity,  the  nriif,  ihf 
[  prominent  borders  of  which  are  well  adapied  to  receive  the  inirnil 
r  blows  directed  towards  ihat  region.  It  is  furnished  with  iBu»tl« 
I  capable  of  moving  it  towards  any  side,  and  of  protruding  or  sintiiii! 
I  h.  It  is  likewise  provided  with  movable  lids  to  guard  its  expp!^ 
[  surface  from  mechanical  injury,  and  its  nerve  from  ihe  elTectsnf  w- 
I  cessive  light ;  and  with  a  lachrymal  apparatus,  by  which  the  frontiii 
I  it  is  continually  irrigated  wilh  a  bland  lluid. 
I  In  the  globe  of  the  eye  itself  we  recognize,  as  the  mo»l  fsseol'"' 
I  constituents,  Ihe  expansion  of  the  optic  nerve,  called  Ihe  retina;*ti< 
\  in  front  of  this,  the  Iransparenl  rpfrading  media  which,  as  a  wW'. 
W  transmit  the  light  so  as  to  bring  ils  rays  lo  a  focus  upon  the  nmoM 
I  iheet.  The  curved  form  of  the  retina,  and  Ihe  rounded  figure  oft'' 
I  eye  thence  derived,  are  perfectly  adapted  lo  the  curvatures  of 'li< 
F  refracting  media;  so  Ihat,  if  the  nervous  lamina  had  assumeil  in]f 
I  other  shape,  it  would  have  been  more  or  less  out  of  focus,  and  visioii 
I   consequently  have  been  indistinct. 

I  To  mainiain  the  figure  of  the  retina,  and  lo  protect  a  part  nf  W 
I  much  delicacy,  in  which  the  slightest  change  of  form  would  be  alltrxlfil 
L  with  injury  to  the  function,  the  whole  is  encased  in  a  den**  tualmf 
I  great  strength,  termed  Ihe  sclerotica  {oxx^^ot.  durus),  which  is  o[*iiU'i 
[  except  in  front,  where  it  is  modified  in  structure,  becomes  pefftcilt 
[  toansparent  to  allow  the  tight  to  enter,  and  is  known  as  the  mthw- 
I  Between  the  sclerotica  and  the  retina  is  interposed  a  layer  ft  i«^ 
[  pigment,  contained  in  a  delicate  membrane  termed  the  chonid.  h 
I  front  of  the  retina  are  the  transparent  media.  One  nf  tbexe  ftbc 
I  vitreous  body  or  hamor)  is  contained  immediately  within  Ibe  cup 
I  vhich  the  retina  forms,  and  appears  specially  construcled  to  give  il 
I  that  necessary  support  inside  which  the  sclerolica  furnishes  on  lii' 
I  outside.  The  vitreous  body  occupies  four-fifths  of  the  whole  globe. 
I  Imbedded  in  ils  anterior  part  is  a  double  convex  lens  (the  cryslidli*i 
I  lens  or  bodjf),  which  comes  nearly  up  lo  the  cornea;  leaving,  howcvWi 
[  k  small  cavity  containing  a  watery  fluid,  the  aqiirous  humor,  belwe*n 
I   itself  and  that  transparent  part  of  the  external  case.     Across  ibis 
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cavity,  and  dividing  it  into  an  anterior  and  posterior  chamber,  hangs 
a  vertical  curtain-like  process  of  the  choroid,  called  the  tm,  perforated 
ID  the  centre  by  an  aperture,  the  pupil^  for  the  admission  of  light  to 
the  interior,  and  contractile  under  the  influence  of  light  on  the  retina, 
in  order  that  it  may  regulate  the  amount  of  light  entering  the  organ. 
The  perfect  fluidity  of  the  aqueous  humor  is  a  provision  to  allow  of 
the  expansion  and  contraction  of  the  pupil,  and  of  the  movements  of 
the  lens  itself  towards  or  from  the  cornea. 

The  human  eye  would  be  nearly  globular  were  it  not  that  the 
anterior  portion,  formed  by  the  cornea,  is  a  part  of  a  smaller  sphere 
thin  the  rest,  and  is  therefore  slightly  protuberant.  Hence  the  an- 
tero-posterior  axis  of  the  eye  is  longer  than  the  transverse,  in  the 
proportion  of  twenty  to  nineteen. 

Ib  terresirial  qaadnipeds  its  shape  is  for  the  most  part  nearly  similar.  In  animals 
ftu  inhabit  the  water,  as  Cetacea  and  fishes,  the  eye  is  considerably  flattened  in 
froBt;  so  that,  in  some  fishes,  it  is  almost  a  half-sphere.  In  birds,  on  the  contrary, 
Mpeciilly  those  which  fly  high,  the  cornea  is  very  prominent  compared  with  the  rest 
or  the  eye,  which  is  of  a  more  or  less  flattened  form.  These  diflierences  have  an 
erident  reference  to  the  density  or  rareness  of  the  medium  through  which  the  light 
pMies  to  the  organ. 

A  more  detailed  description  of  the  several  structures  composing 
Ae  ball  of  the  eye  will  now  be  given,  in  which  we  shall  follow  the 
order  most  natural  to  a  dissector,  viz.,  that  from  without,  inwards. 

The  sclerotic  coat  consists  of  white  fibrous  tissue,  in  which,  how- 
ever, the  ultimate  filaments  are  more  distinct,  and  less  wavy  than  in 
ordinary  specimens.  These  form  numerous  layers,  crossing  one  an- 
other chiefly  at  right  angles,  and  thus  constitute  a  membrane  capable 
of  resisting  distension,  and  of  retaining  its  figure  under  pressure. 
It  has  a  white  glistening  aspect,  especially  in  front,  where  it  receives 
the  insertion  of  the  tendons  of  the  four  straight  muscles,  and,  being 
visible,  is  familiarly  known  as  the  "  white  of  the  eye."  The 
sclerotic  is  thickest  behind,  and  becomes  gradually  thinner  in  front, 
till  nearly  in  contact  with  the  cornea,  where  it  increases  in  strength  a 
little. 

In  the  animal  series,  the  sclerotic  hecomes  of  greater  relative  thickness  behind,  in 
proportion  to  the  flattening  of  the  organ  in  front,  and  the  pressure  which  it  will  have 
to  sustain  from  the  surrounding  medium.  In  aquatic  mammalia  this  is  eflected 
simply  by  an  accumulation  of  the  fibrous  tissue  in  that  situation,  as  in  the  whale, 
where  it  is  often  an  inch  in  thickness,  a  wonderful  provision  against  the  enormous 
pressore  to  which  that  animal  is  exposed  at  great  depths.  In  reptiles  and  fishes 
tbere  is  a  thick  cartilaginous  lamina  included  in  the  fibrous  tissue;  and  in  some  this 
cartilage  ossifies,  as  in  the  sea-bream,  mentioned  by  Dr.  Jacob.  In  birds,  too,  where 
the  sclerotica  is  flattened  from  before  backwards,  a  thin  cartilaginous  plate  exists  in 
it,  which  confers  a  peculiar  elasticity  and  firmness,  and  is  at  the  same  time  light  and 
blender.  Its  anterior  part  is  further  fortified  by  fourteen  or  fifteen  osseous  plates, 
lUspo^ted  in  a  regular  series  round  the  margin  of  the  cornea.  Similar  plates  occur 
in  varioas  reptiles,  and  are  especially  remarkable  in  those  gigantic  specimens  of  this 
cimsst  the  Ichthyosauri  and  Plesiosauri,  which  are  only  known  to  us  by  their  fossil 
remains. 

The  optic  nerve  comes  through  the  sclerotic  behind,  at  a  distance 
of  about  its  own  breadth,  or  nearly  one-eighth  of  an  inch,  on  the 
inner  side  of  the  axis  of  the  eye,  by  which  is  meant  the  axis  of  the 


L 


404  INNERVATION.  ■ 

dioplric  media.  This  nerve  contains  a  ronaiderable  quantily  orfibm 
tisNiie  sepamting  and  supporting  its  fasciculi,  and  as  it  Iravertfitti 
sclerotic  this  tissue  becomes  continuous  with  the  borders  of  Ihcipn- 
ture,  so  that  the  aperture  itself  may  be  said  lo  be  cribriform ;  thr  nrm 
passing  through  a  number  of  distinct  canals  of  fibrous  tissue,  litfiw 
it  reaches  the  inner  surface  of  the  sclerotic.  It  is  indiRerent  nhrihii 
this  cribriform  tissue  be  cnlled  neurilemma  or  sclerotic.  One  tlilB(, 
however,  may  he  alwajs  observed.  The  nerve,  aa  it  pierculH 
sclerotic,  contracts,  and  lies  in  a  smaller  compass,  so  that  thf  nUiit 
aperture  is  somewhat  funnel-shaped,  and  wider  behind  than  in  tmh 
and,  though  the  nerve  is  movable  on  Its  entrance  into  the  sclfuKit 
aperture,  tl  is  always  fixed  firmly  at  the  inner  surfiice  of  that  apertun, 
where  the  retina  commences. 

The  aperture  in  the  sclerolic  in  front,  for  the  cornea,  is  circplir, 
and  usually  about  f,'hs  of  an  inch  in  transverse  diameter,  and  ratbn 
less  vertically,  though  in  some  individuals  altogether  smaller,  if 
tween  the  point  of  entrance  of  the  opiic  nerve,  and  the  BttachmMli 
of  the  recti  muscles,  there  are  several  minute  apertures  for  tht  tmt 
mission  of  vessels  and  nerves  to  the  interior.  The  nutrition  of  Ibii 
tunic  itself  is  provided  for  by  small  vessels  ramifying  on  ilssurftcr, 
and  sparinsjty  continued  into  its  substance.  lis  own  proper  vasrulitilj 
does  not  seem  to  be  greater  than  that  of  olher  fibrous  slruclurM. 

Of  the  Cornea. — The  size  and  shape  of  this  transparent  parloftk* 
outer  case  of  the  eye  have  been  already  indicated.  Il  is  S|iben[»l 
rather  than  ftphernidal,  and  its  posterior  surface  isof  pamllelcurrsiw 
with  the  anterior;  so  that  il  does  not  appear  to  be  a  meniscus  lni| 
thicker  in  the  middle,  as  some  authors  have  described  :  this  at  Inf 
is  the  result  of  our  careful  examination.  The  cornea,  when  iticoa- 
cavity  is  filled  up  with  the  aqueous  humor,  is  of  course  a  po»etft) 
converger  of  the  rays  of  light  towards  the  iris,  and  through  the  pupl 
to  the  lens.  Viewed  from  within,  its  circumference  is  exaclly  cir- 
cular; but  on  the  outside  it  generally  appears  wider  lransvet^eN,fti)B 
the  sclerotic,  which  overlaps  it  on  all  sides,  encroaching  upnn  it  i»iii« 
more  above  and  below.  The  cornea  and  sclerolic  are  firmly  cm- 
nected  by  continuity  of  texture,  and  cannot  be  disunited  even  M 
maceration.  The  cornea  is  possessed  of  great  toughne.ts,  and  viU 
even  resist  a  force  capable  of  rupturing  the  sclerotic. 

The  cornea,  though  a  beautifully  transparent  substance,  and  if- 
pearing  at  first  sight  as  homogeneous  as  glass,  is  nevertheless  full  "i 
elaborate  structure.  It  is,  in  fact,  composed  of  five  coats  or  liycTi, 
clearly  distinguishable  from  one  another.  These  arc,  fmin  brrorr 
backwards,  the  conjunctival  lnyer  of  epilhelitim,  the  anterior  r/iriir 
lamina,  the  cornea  proper,  the  posterior  clasUr  Inmina,  and  the  ijntht- 
Hum  of  the  aqueous  kumor,  or  posterior  epithf  Hum.  The  cornea,  wbm 
unindamed,  contains  no  blood-vessels ;  those  of  the  surrounding  patu 
running  back  in  loi)ps,  as  they  arrive  at  its  border. 

On  the  cornea  proper,  or  lamdlaled  cornea,  the  fhickD«a  awl 
strength  of  the  cornea  mainly  depend.  It  is  a  peculiar  modifieatioB 
of  the  white  fibrous  tissue,  continuous  with  that  of  the  sclerotic.  At 
their  line  of  junction  (fig.  109),  the  Gbres,  which  to  the  sclerolie  MA 
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Jeosely  interlaced  in  various   directions,  nnd   mingled   with 
fibrous  tissue,  flatten  out  into  a  membranous  form,  so  as  to 
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in  the  main  the  curratures  of  the  surfaces  of  the  cornea,  and 
ititute  a  series  of  more  than  sixty  lamellie,  intimately  united  to 
other  by  very  numerous  processes  of  similar  structure,  passing 
ne  to  the  other,  and  making  it  impossible  to  trace  any  one 
I  over  even  a  small  portion  of  the  cornea.  The  resulting 
.  which  in  the  sclerotic  are  irregular,  and  on  all  sides  open,  are 
led  in  the  cornea  into  tubular  spaces,  which  have  a  rery  sin- 
imngement,  hitherto  undescribed.  They  lie  in  superposed 
the  contiguous  ones  of  the  same  plane  being  for  the  most  part 
I,  hut  crossing  those  of  the  neighbouring  planes  at  an  angle, 
don  communicating  with  them  (fig.  110).     The  arrangement 
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e  of  these  lubes  can  be  shown  by  driving  mercury,  or  coloured 
air,  into  a  small  puncture  made  in  the  cornea.  They  may 
shown  under  a  high  power  by  moistening  a  thin  section  of  a 
ornea,  and  opening  it  out  by  needles.  The  tissue  forming  the 
I  of  these  tubes  is  membranous  rather  than  fibrous,  though  with 
t  glasses  a  fibrous  striation  may  be  frequently  seen,  both  in  the 
uparaling  the  diSerenI  series  of  tubes,  and  in  that  dividing 
t  the  same  layer  from  each  other.     By  acetic  acid,  also,  the 
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structure  swells,  and  displays  corpuscles  resembling  lliose  appattnt 
I  in  the  while  fibrous  tissue.  Such  is  the  lamellar  structure  of  tbc 
torne»,  which  makes  it  so  much  easier  to  thrust  an  insiruinent  bon- 
zoiitally  than  vertically  into  its  substance.  The  tubes  or  elonaaitJ 
spaces  of  which  we  have  spoken,  are  not  disiended  with  any  W, 
but  are  merely  moistened  in  the  same  way  as  the  areola:  of  orJinirr 
areolar  tissue.  A  perfectly  fresh  and  transparent  cornea  Js  rendwBl 
opaque  by  pressure,  but  it  regains  its  brilliance  on  Ihe  removal  of  An 
compressing  force.  Some  have  supposed  this  lo  tesult  from  the «■ 
pulsion  of  fluid  from  between  its  laminae ;  but  thai  the  opacilyis  ovitt 
simply  to  a  derangement  of  the  elementary  parts  of  its  slruclunii 
plain  from  Ihe  nict,  that  the  same  pbent- 
mena  are  exhibited  by  a  section,  btmni 
ibin,  immersed  in  water,  and  detangeJbj 
stretching. 

Of  the  anlerioT  elastic  ^atniW.— Tbiiu 
a   transparent,  homogeneous   lamint.  CA- 
extensive  with  the  front  of  the  c(>rDea,aiid 
fnrmingtheanleriorboundary  of  Iheconifi 
proper.     It  is  a  peculiar  tissue,  the  affin 
of  which  seems  to  be  that  of  raaiuUiDioi 
the  exact  curvature  of  the   front  of  lit 
cornea;  for  there  pass  from  all  psitsofiu 
posterior  surface,  and  in  particular  froniQ 
edge,   into  the   substance  of  the  COCM 
proper  and  sclerotic,  a  multitude  of  Sl»- 
mentous  cords,  which  take  hold,iniT(iI 
beautiful  artificial  manlier,  of  the  fibres  uvi 
membranes  of  those  parts,  and  serve  to 
brace  them  and  hold  them  in  their  ri^ 
configuration  (fig.  Ill,  b).     These  eoifli. 
like  the  elastic  lamina  of  which  theym 
productions,  appear  lo   be  allied  to  Ibe 
yellow  element  of  Ihe  areolar  tissue.  Tbej 
are  unaffected  by  the  acids.     The  aolerior 
elastic   lamina   sustains   the   conjuactin! 
epithelium  which  covers  the  cornea,  ind 
is  very  probably  the   representative  of  tie 
basement  membrane  of  the  mucous  ayrim, 
as  it  occupies  the  corresponding  poxilioD 
in  regard  to  the  epithelium.      Its  ibicknM 
is  about  ^-^'^s  ''f  3u  inch. 

The  conjunctival  epithelium  of  Ihe  cornea 
may  always  be  obtained  from  a  fresh  tjr, 
by  gently  scraping  its  surface.  It  conniu 
of  three  or  four  layers  of  superposed  pit- 
tides,  inclining  lo  the  columnar  fom. 
where  they  rest  on  the  anterior  eUsiis 
lamina,  and  becoming  imbricated  sc>le> 
on  the  surface  (fig.  Ill,  a).     Id  manjot' 
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aFger  animals  this  epithelium  consists  of  a  much  deeper  series  of 
eated  particles,  and  its  transparency  then  becomes  a  remarkable 
acter. 

is  in  this  epithelium  that  particles  driven  with  force  against  the 
geaerally  lodge,  and  it  is  easily  detached  by  the  instrument  used 
[tract  them.  Vessels  shooting  into  the  cornea  in  disease  lie  under 
nd  small  ulcers  are  formed  by  its  destruction.  In  animals  which 
their  skin  this  lamina  is  shed  with  the  cuticle  of  the  body, 
he  posterior  dastic  lamina  of  the  cornea  (fig.  Ill,  </)  is  a  very 
membrane  in  which  no  structure  can  be  detected.  It  has  all  the 
sparency  of  glass,  and  does  not  become  opaque  by  maceration, 
log,  or  the  action  of  adds.  It  adheres  but  slightly  to  the  cornea 
ler,  and,  when  peeled  off,  it  has  such  a  tendency  to  cufl  with  its 
rior  surface  inwards,  that  it  is  difficult  to  retain  a  piece  of  it  in  an 
Dded  form.  If  floated  in  water,  it  exhibits  a  peculiar  glistening 
t  resulting  from  its  density.  It  readily  tears,  yet  is  so  hard  that 
bitten  through  with  difficulty.  Its  elasticity  is  great,  and  has 
I  supposed  to  contribute  to  the  exact  maintenance  of  the  curvature 
le  cornea,  so  necessary  for  correct  vision.  This  lamina  extends 
to  the  circumference  of  the  cornea,  where  it  becomes  thinner ; 
it  ceases  at  the  border  of  the  iris,  in  a  manner  hereafter  to  be 
ribed. 

fthe  epithelium  of  the  aqueous  humor. — The  elastic  lamma  is  itself 
I  bj  an  exceedingly  delicate  epithelium,  which  exactly  resembles 
exutinp  on  serous  membranes,  (fie.  Ill,  e,  a,p;  see  also  p.  129.) 
epithelium  is  probably  concerned  in  the  secretion  of  the  aqueous 
)r,  bat  it  does  not  extend  over  the  whole  surface  with  which  that 
if  in  contact.  It  is  probably  limited  to  the  cornea. 
^  tte  Choroid.^On  turning  aside  the  sclerotic  and  cornea  (fig. 
ythe  choroid,  with  its  process  the  iris,  is  exposed.  The  choroid 
coorse  perforated  behind  by  the  optic  nerve.  Around  this  it 
ret  pretty  firmly  to  the  sclerotic,  but  in  the  rest  of  its  extent  very 
tly,  and  only  by  the  medium  of  a  slender  web  {lamina  fused) ^ 
n  those  vessels  and  nerves  which  pass  from  the  one  coat  to  the 
•  The  rupture  of  these  adhesions  occasions  a  flocculent  ap- 
iDCe  of  the  choroid,  and  sets  free  some  of  the  brown  colouring 
srwith  which  its  structure  is  loaded.  There  is  no  serous  cavity 
een  the  sclerotic  and  choroid,  as  some  have  imagined,  for  a  true 
elium  is  wanting,  though  the  lamina  fusca  contains  nuclei. 
le  choroid,  on  coming  up  to  the  cornea,  gives  off  its  process  the 
ind  it  there  adheres  intimately  to  the  sclerotic  by  a  very  narrow 
of  white  tissue — the  ciliary  ligament.  For  an  eighth  of  an  inch 
id  this,  however,  it  is  coated  by  a  semi-transparent  band,  which 
lall  distinguish  as  the  ciliary  muscle,  and  the  fibres  of  which 
te  from  the  cornea. 

le  choroid  contains  some  fibrous  tissue,  resembling  that  of  the 
Stic ;  but  it  is  composed  principally  of  blood-vessels  and  pigment- 
It  has  been  usual  to  describe  it  as  having  two  layers,  an  arte- 
ind  a  venous;  an  incorrect  view.  It  is  in  fact  essentially  a  thin 
18  of  capillaries,  disposed  in  a  close  network,  the  meshes  of 
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vhich  are  rather  smaller  behind  ihan  in  front.     Tbla  pi 
'the  inner  surface  of  the  choroid,  and  has  been  known  as  Ihf  hnin 
[  Ruyschiana.     The  arteries  supplying  it,  and  the  veins  carrying  off  ill 

blood,  come  to  it  and  leave  it  at  very  numerous  poinlH,  but  na  ili 
\  outer  surface  onlj,  where  they  are  so  thickly  arran)^d,  side  hj  A, 
'  aa  to  appear  to  form  the  whole  of  that  surface.  The  veins  in  pir 
I  ticular  are  large  and  numerous,  and  disposed  in  beautiful  currs, 
*  converging  lo  four  or  five  trunks,  before  quitting  the  choroid,  ml 
I  Btjled  the  vasa  vorlicosa  (fig.  112,  e,  e).  The  arteries  run  belwH 
I  ^ese,  but  less  regularly. 


Fig.  112. 


Fig.  113. 
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The  capillary  network  of  the  inner  surface  is  so  close  that  thait  ii 
no  room  for  pigment-ce!is  in  its  interstices;  but  between  it  and  Ibt 
arteries  and  veins,  as  well  as  among  the  veins  themselves,  there  i*i 
great  abundance  of  colouring  matter,  which  deeply  tinges  the  whole 
thickness  of  the  membrane. 

The  pigment-cells  in  the  substance  of  the  choroid  (tig.  114,  ■)  u* 

'  extremely  irregular  in  shape,  and  lie  in  various  directions  amoiifiit 

I  the  other  elementary  tissues.     Similar  ones  are  found  in  the  itii,  v»i 

sparingly  in  the  anterior  part  of  (he  sclerotic.     They  are  so  loidttl 

with  pigment  that  iheir  nuclei  are  often  obscured  by  it. 

The  pigmentary  matter  within  these  cells  is  of  a  sepia  colour,  nd 
occurs  in  the  form  of  oblong  or  oval  grains,  less  than  y^^  of  anind 
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114,  b).     These  grains  exhibit  molecular  motion  when  re- 
m  the  cells,  and  sometimes  even  within  the  cells  (p.  72). 
nsoluble  in  hot  or  cold 
be  dilute  mineral  acids, 
mg  acetic  acid,  in  oil, 
ad   ether ;  but  are  dis- 
ler  long  digestion,  by 
nor  potassffi.     The  ash 
)f  common   salt,   lime, 
of  lime,  and  oxide  of 
fin  tmd  Berseliug). 
o»  the  colouiinKiDBtter 
t,  not  only  in  tfie  eyes, 
ler  organs  in  which  it 
rists.     The   eyes  bare    , 
tly  a  pink  appearance,   '' 
liefly  from  the  blood  in    "■.VinM^ 

d...l  :—-  Cboioid.    A  < 

ana  ins.  EHuaudiuntuH. 

Ih/ffoidal  Epithdium. — 

oer  surface  of  the  choroid,  within  the  capillary  network, 
ii^  slightly  to  it,  is  an  epilhelium,  consisting  of  a  single 
ioleated  particles,  of  a  pentagonal  or  hexagonal  shape,  filled 
ent  This  was  first  particularly  described  by  Mr.  Wharton 
» termed  it  the  membrane  of  the  black  fwmmt.  In  using 
,  it  must  be  remembered  that  the  colounng  matter  is  not 
» this  epithelium ;  and  that  this  epithelium  exists  without 
I  front  of  the  tapetum  lucidum  of  animals;  and  also  that  it 
withoat  pigment,  in  albinos,  as  was  first  pointed  out  by 
Hence  the  presence  of  pigment  in  its  cells  is  a  secondary 
The  nuclei  of  the  cells  project  on  the  inner  surface  of 
nbe.  Tbey  are  concealed  by  the  pigment  if  it  is  very 
but  in  general  tbey  are  risible.     Both  conditions  are  seen 
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oidnipeds  and  fiihes  the  inner  sarTace  of  ihr  choroid,  id  in  potrerior 
rillimol  laitre,  owing  lu  the  prrseacc  of  ■  thick  lafcr  of  Wkvj  fibrous 
arlj  arranged,  oauide  ihe  choroidal  ejiilbeiiura  (htre  colourless).  This 
bnt  mnsl  ici  as  a  concave  reSecior,  cauning  the  rays  at  light  to  traverse 
lecond  time,  aod  Ihos,  probably,  iticreasing  the  visual  power,  particularly 
Utily  of  light  admitleil  imo  the  eye  is  small. 

tons  fishes  there  is  a  singular  vascolar  organ  of  a  horse-shoe  shape  ap- 
i  mter  surface  of  the  churoid,  and  covered  by  a  silvery  membrane.  Its 
.mpaifcelly  made  ont,  and  ils  office  is  quite  anlcDOwo.    It  is  called  the 

era  U  a  remartcablo  plienied,  comb-like  process  of  ihe  choroid,  projected 
aooa  hDEnor.anc)  termed  the  peden.  It  is  a  vascalar  membrane,  and 
pigmenl;  its  base  commencing  at  the  entrance  of  the  opiie  nerve,  and 
shins  more  or  less  nearly  to  the  crystalline  lens.  The  retina  does  not 
IL    No  satisfactory  ose  has  yet  been  assigned  to  it.    Its  size  and  shape 

0  considerable  variety. 

icription  of  the  choroid  now  given  refers  only  to  that  por- 
irtiicb  corresponds  to  the  retina,  and  this  latter  membrane 

1  line  {ora  terrata)  about  an  eighth  of  an  inch  behind  the 
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^  .  margin  of  the  cornea-  In  front  of  this  line,  and  as  faTast!ieini,{lit 
I    choroid  is  known  as  the   ciliary  body,  being  modified  to  f om  & 

■  ciliary  processes ;  and  it  h   covered  on  iU  outer  surface  bpni' 

■  transparent  tissue,  the  dliary  muscle,  at  the  anterior  edge  ofwtiick 

■  a  more  opaque  while  ring,  the  ciliary  ligament. 

I  The  clUary  processes  of  the  choroid  project  as  folds,  or  pliitinn, 
I  into  the  vitreous  humor,  and  are  there  lodged  in  corresponding [olu, 
I     the  ciliary  processes  of  the  vitreovs  body.     They  are  seen  from  »illa 

■  to  commence  at  the  anterior  border  of  the  retina,  or  ora  irtrd»,u 

■  mere  streaks,  converging  towards  the  lens ;  and  it  is  only  vba  hI- 
I  vanced  more  than  half  way  to  that  body  that  they  become  proicctid 
I  into  about  sixty  or  seventy  plaits,  with  subordinate  ones  betm 
I  These  terminate  by  small  free  extremities,  which  slightly  orerlipii 
ft  front  the  border  of  the  lens,  without  touching  it,  being  united  «i! 
■>  through  the  medium  of  a  delicate  layer  of  the  hyaloid  membnoE  i' 
L  the  vitreous  humor.  These  folds  take  firm  hold  of  the  vitreous  hg»a 
I  in  its  front  part,  all  round  the  lens.  Their  texture  is  very  nsculir 
I  (fig.  113,6)  and  filled  with  irregular  pigment-cells,  (which  in  & 
I  .  human  eye  are  least  numerous  on  the  most  prominent  parts,)  mi  °> 
!•  their  inner  surface  is  a  tough  colourless  lamina,  composed  of  ill-d«£td 

■  l.  nucleated  cells,  (continuous  with  the  border  of  the  retina,  but  dodj 
W  ,■  Dot  composed  of  nervous  matter,)  by  means  of  which  they  are  iBiu- 
K*   diately  connected  with  the  hyaloid  membrane.     The  streagthof  ite 

■  connection  is  evinced  in  attempts  to  sever  it  in  the  recent  eye.  Afi|f 
K,i  a  certain  amount  of  decomposition  has  taken  place,  the  separating 
I  ,  much  more  easy.  The  ciliary  processes  by  their  anterior  BurfWi 
I  near  their  apex,  contribute  to  form  the  posterior  wall  and  side  of  tic 
U  ,  posterior  chamber,  and  are  continuous  with  the  back  of  the  'oi- 
I  They  are  there  free,  and  washed  by  the  aqueous  humor.  The  almj 
W  ,  processes  are  covered,  and  therefore  concealed,  on  the  outadc  bjllw 
lii  ciliary  muscle. 

■  The  iris  may  rightly  be  regarded  as  a  process  of  the  choroiil;  ilii 

■  continuous  with  it,  although  of  a  modified  structure.  It  foimit 
■■  vertical  curtain  stretched  in  the  aqueous  humor  befisre  the  lens,  wl 
■■"perforated  for  the'  transmission  of  light.  It  is  attached  all  mnnil »' 
K  the  junction  of  the  sclerotic  and  the  cornea,  so  near,  indeed,  to  tlie 

■  <'  latter  that  its  anterior  surface  becomes  continuous  in  the  fQlloKioi; 

■  manner  with  the  posterior  elastic  lamina.  This  lamina  near  its  txx^t' 
k  begins  to  send  ofTfrom  its  anterior  surface,  or  that  towards  tli»  Uffl- 
K-natcd  cornea,  a  network  of  elastic  fibres,  which  stretch  towardi  At 
B.^  border,  becoming  thicker  as  they  advance,  until  at  length  thertft* 
■^  thickness  of  the  lamina  is  expended  by  being  converted  into  thro. 
I'-  These  fibres  then  bend  backwards  from  the  whole  circumfeienct  "i 

■  *  the  cornea,  to  the  circumference  of  the  front  of  the  iris,  and  are  li*t* 
Wr  implanted,  passing  in  this  course  across  the  rim  of  the  anterior  ehus- 
B  ber,  and  through  the  aqueous  humor.  They  are  seen  more  easily  ia 
m^  some  animals  than  in  others,  forming  a  regular  series  of  pillars  snvi"! 
F*.  the  anterior  chamber.     Behind  these  there  is  a  more  diSused  diuo» 

of  the  tissue  of  the  iris  with  the  sclerotic,  by  means  of  the  cibtry 
ligament.     The  iris  is  continuous  behind,  near  its  border,  witb  the 
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iCessea,  and  is  only  free  in  the  iaoer  half  of  its  extent,  Bear 

,  where  it  is  corered  with  a  deue  layer  of  pigment,  and 

t  converging  striae.     This  posterior  surface  is  termed  uv*a. 

uence  of  the  extreme  proximity  of  the  iris  to  the  lens,  the 

chamber  is  much  less  capacious  than  the  anterior,  as  it  is 

<f  smaller  diameter. 

lerior  surface  of  the  iris  has  a  brilliant  lustre,  and  is  marked 

iccurstely  described  b;  Dr.  Jacob, 

lore  or  less  direct  course  towards  the  ^'B- '  '^ 

hese  lines  are  important  as  being  in-  a 

f  ft  fibrous  structure.     Slender,  and 

iroBS  in  the  outer^bree- fourths  of  the 

!  (the  pupil  being  contracted],  and 

•ed   near  the  border  bj  wave-like 

coloured  lines,  they  unite  at  about 
inch  from  the  pupil  into  a  circular 
;notted  and  much  thicker  elevations, 
h  finally  proceed  a  multitude  of  mi- 
cfaing  ant]  anastomosing  filaments, 
reroe  verge  of  the  pupil.  When  the 
iBtracted,  these  converging  fibres  are 

when  it  is  dilated,  they  are  thrown 
•s  into  zigzags.     The  pupil  is  nearly 
nd  is  situated  rather  to  the  inner  side 
itre  of  the  iris.     By  the  movements 
I  it  is  dilated  or  contracted,  so  as  to 
e  or  less  light  to  the  interior ;  and  its 
lader  these  circumstances  may  vary 
t^  to  ^  of  an  inch. 
irieties  of  colour  in  the  eyes  of  dif- 
nais  and  udivmuals  depend  almost      GbnikppMchihaiFLi.  m 
the  colour  of  the  front  of  the  iris,      i^"o"^USLt\^^" 
jtf  resides  chiefly  in  pigment-cells,      M^ifi«i70di.in.M.t.. 
I  its  substance  rather  than  as  a  layer 

irior  surface.  These  cells  are  most  irregular  in  shape  and 
lie  in  the  interstices  of  the  more  essential  tissues,  which 
;  obscure.     The  iris  is  consequently  best  examined  in  albino 

I  is  undoubtedly  contractile,  and  tbe  anatomical  characters 
cipal  tissue  so  nearly  resemble  those  of  unstriped  muscle, 
f  be  considered  as  a  variety  of  that  tissue.  Its  fibres  are 
ik  nuclei  which  are  rather  rounded  than  those  of  unstriped 
id  more  loosely  attached  to  the  contractile  material.  The 
lirection  taken  by  the  tibres  is  towards  the  pupil,  although 
■ore  or  less  meandering  and  inlerlaeing  in  this  course, 
tar  the  pupil,  they  appear  to  join,  and  form  indistinct  arches. 
DStances  it  is  easy  to  detect  a  set  of  circular  fibres,  either 
nto  a  principal  bundle  near  the  pupil  or  more  diffused,  but 
ing  in  front  of  tbe  others.  These  seem  to  answer  to  the 
}res  of  the  bird's  iris,  which  are  of  the  striped  variety,  and 
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occupy  the  front  of  the  caembrane.     There  may  also  fee imiHfff^    - 
Tinguisbed  in  the  very  thin  margin  of  the  pupil  an   arrangeniEgt ^ 
fibres  more  circular  than  radiating. 

The  iris  is  so  vascular  that  some  anatomists  have  considtitJit 
erectile,  and  have  erroneously  ascribed  its  movements  to  this  p- 
perty.  But  its  vessels  are  slender  and  delirate,  and  resemble  tbwi 
the  unstriped  muscle.  They  are  derived  chiefly  from  the  In  tc({ 
ciliary  arteries,  which  on  approaching  it  bifurcate,  and  form  tcaik 
around  it,  whence  pass  inwards  a  great  number  of  minute  bi 
"which  form  loops  near  the  pupillary  margin. 

On  the  anterior  surface  near  the  pupil  a  vascular  circle  ma^tatl 
line  from  which  in  the  fcetus  the  membrana  jmpillaris  sireicheii  «m 
in  front  of  the  pupil.  This  membrane  at  that  early  period  diriJafc 
anterior  from  the  posterior  chamber,  and  receives  from  several  (•* 
of  the  circular  vessel  last  mentioned,  small  branches  which  apprwl 
the  centre,  and  then  return  in  arches,  afler  inosculating  spmt{^ 
across  the  central  point,  The  membrana  pupillaris  is  almost  abvtM 
at  birth. 

The  grayish  structure  coaling  the  choroid  for  about  an  ei^liof* 
inch  behind  the  cornea,  presents  at  its  anterior  edges  more >)• 
and  opaque  circle,  the  ciliary  ligament,  which  seems  to  be  cliicdfil 
H  fibrous  character,  and  to  connect  the  border  of  the  iris  firmljtoii 
sclerotic.  The  plexiform  tissue  of  the  posterior  elastic  lamioaoflte 
cornea  already  noticed,  adjoins  this  ligament,  and  partially" 
with  it. 

The  ciliary  muscle  is  that  grayish,  semi-transparent  structure 

the  ciliary  ligament,  and  covering  thi  "* 
side  of  the  ciliary  body.  It  has  bnn^ 
scribed  as  muscular  by  many  of  the  oUo 
Boatomisls,  especially  by  PorterSeW,  ■'ui' 
others  have  assigned  to  it  a  different  (*► 
racter.  Lately  it  has  been  so  regnrdfJ  bj 
Wagner  and  Dr.  Wallace  of  Nc»  V**!! 
and  we  believe  correctly.  It  belongs  to  ll« 
unstriped  variety  of  muscle,  and  its  fit"* 
appear  to  radiate  backwards  from  the  j»^ 
lion  of  the  sclerotic  and  cornea,  »nd  » I* 
themselves  onibe  outer  surfaceoftheciliwj 
body.  The  more  superficial  fibres  «K  i> 
contact  with,  but  scarcely  adhere  10,  ^ 
sclerotic,  and  are  inserted  into  the  postrtiK 
part  of  the  ciliary  body;  while  the  At^ 
ones  seem  lo  dip  behind  the  iris  to  the  B"" 
prominent  parts  of  the  ciliary  processes «iii 
approach  the  lens.     The  ciliary  muscleis*  . 

have  the  effect  of  advancing  the  ciliiijp*" 

cesses,  and  with  thera  the  lens,  lowwnlfl'  '' 
cornea.  The  ciliary  nerves  pierce  this  muscle  on  their  way  tt  ih ' 
iris,  distributing  to  it  many  filaments  which  may  be  seen  for  ihe  bc* 
part  to  cross  the  fibres. 


Fig.  116. 


niacin 


inofUisOllli 


yUuKl 


I  ^    nid, 

■  l     lolerouc.    a.siiuuiaiiD 

■  *     \\nj  llnnunt,  aDiI  poi 


il  by  Uu  *.— Moguifiod 


8TRUCTUJW  OF  THJB  B9TINA.  413 

Shm  masoilar  Batare  of  this  sinictare  is  confirmed  by  its  aoatomy  in  birds,  vhcre 

%l|claifelj  developed,  as  noticed  hj  Sir  P.  Craropton.    We  find  its  fibres  to  be  of 

vlVilri|wd varietj,  like  the  circnlar  fibres  of  the  iris  in  the  same  class,  and  to  be  snpi 

~iMM  b^  eiliaij  nerves  trarersing  the  moscle  in  a  cirenlar  direction.    They  likewise 

^^MadMte  Ifom  the  oomea,  at  the  circumference  of  which  they  are  auacked  to  the 

^^■Ipjpr  layen  of  the  cornea  proper,  the  elastic  lamioa  being  here  exceedingly  thin. 

^._    'Within  the  choroid  is  the  retina,  which  we  shall  describe  as  a 
^^MiiicUire  distinct  from  the  optic  nerve,  though  continuous  with  it ; 
~  g  our  account  of  that  nerve,  and  of  the  others  pertaining  to 
eye,  till  the  anatomy  of  the  globe  is  concluded. 
Hie  retina  is  the  sheet  of  nervous  matter  which   receives  the 
of  external  objects  thrown  upon  it  by  the  transparent  media, 
it  is  accordingly  placed  immediately  behind  the  vitreous  humor, 
deepest  of  those  media.     It  may  be  said  to  commence  at  the 
a  in  the  sclerotic  and  choroid  by  which  the  optic  nerve  enters 
eje,  and  to  terminate  by  a  finely  j&gged  border  (the  ora  serrata) 
Ihe  hinder  border  of  the  striated  part  of  the  ciliary  body.    It  is 
behind,  in  the  deepest  part  of  the  globe,  and  gradually  thinner 
8.     or  a  pinkish-^ray  tint,  and  semi-transparent  when  fresh, 
images  formed  upon  it  may  be  seen  through  it  from  behind,  if 
sclerotic  and  choroid  coats  be  first  carefully  removed.     When 
into  accidental  folds,  it  resembles  in  appearance  the  vascular 
substance  of  the  cerebral  convolutions.     The  exquisite  function 
by  this  nervous  membrane,  its  expanded  form  and  sepa- 
Ety  from  other  structures,  have  always  made  it  an  object  of  pecu- 
interest  with  physiologists,  who  have  not  unreasonably  expected 
important  secrets  of  nervous  function  might  b^  disclosed  by  an 
insight  into  its  structure.     Whatever  the  conclusions  to  be 
iWD,  it  is  certain  that  this  structure  is  elaborate  and  complex,  and 
lilHtby  of  an  attentive  study. 

The  first  part  of  the  retina  to  be  described  is  the  Jibrous  gray  layer^ 

forms  the  immediate  continuation  of  the  optic  nerve,  and  which 

seated  on  its  inner  surface.     This  is  a  layer  of  fibrous  character, 

3liuing  from  the  end  of  the  optic  nerve,  and  apparently  consisting 
the  tubular  fibres  of  that  nerve  deprived  of  their  white  substance ; 
^M  is,  being  no  longer  tubular  and  white,  but  solid  and  gray,  and 
^Mted  together  more  or  less  into  a  membrane.  This  at  least  seems 
^tt  to  be  certain,  that  the  white  substance  of  Schwann  does  not 
^W  in  the  nervous  substance  of  the  retina,  but  ceases  as  the  nerve 
IMvates  the  sclerotic.  It  has  been  particularly  described  as  existing 
M  the  retina  of  the  rabbit ;  but  the  fact  seems  to  be,  that  in  this  animal 
^le  nerve  does  not  end  in  the  retina  till  some  way  within  the  globe, 
^,  afker  bifurcating  and  spreading  out  as  a  white  strealc  within  the 
^Mffoid,  the  bundles  of  nerve-tubes  suddenly  lose  their  white  lustre, 
%|d  assume  the  appearance  of  the  gray  fibres  of  the  layer  now  under 
Consideration.  These  bundles,  both  in  animals  and  man,  may  be 
9een  to  anastomose  in  a  close  plexiform  manner,  especially  near  the 
^ic  nerve,  and  finally  constitute  a  thin  sheet,  which  becomes  thinner 
wd  leas  fibrous  as  we  trace  it  forwards,  until  at  length  it  can  be  no 
longer  discerned.  This  fibrous  gray  layer  of  the  retina  is  united  to 
Ike  hyaloid  membranci  containing  the  vitreous  humor,  by  a  layer  of 
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nucleated  cells  almost   perfectly  transparent,   and   somelimM  iq  I 

difficult  of  discovery  on  that  account.     It  is  to  be  remarked,  ihaltbe  1 

"ibrous  gray  layer  is  the  only  nervous  element  of  the  retina  eiiiSij 

f  over  the  extremity  of  the  oplic  nerve  where  it  enters  the  g!ob»H  I 

I  spot  incapable  of  vision.     Immediately  around   this  spot,  the  odn  I 

Fig.  117. 
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ice  which  have  now  to  be  described,  and  the  finta 
sicular  gray  layer.     This  layer  is  on  the  outei  suifct 
■      '  mi^ 


of  the  fibrous  layer,  and  so  inlimately  blended  \ 
almost  seem  as  if  the  fibres  successively  terminated  in  it.  The  iw 
cular  layer  is  thicker  behind,  and  gradually  thinner  forwards.  Iin^ 
'  accurately  corre^jponds  wilh  the  vesicular  matter  of  the  conrolutioM 
of  the  cerebrum,  consisting  of  a  finely  granular  matrix  with  i"'"^ 
Spersed  very  delicate  vesicles,  furnished  with  pellucid  globular  DQcId 
of  characteristic  appearance. 

The  blood-vessels  of  ihe  retina,  which  are  thickly  distribiiled,  bfr 
long  solely  to  the  fibrous  and  vesicular  layers  now  mentioned.  The 
central  artery  of  Ihe  retina,  after  entering  the  globe  in  the  aiimf'tit 
oplic  nerve,  sends  four  or  five  radiating  branches,  which  almost  i^llO^ 
dialely  perforate  the  fibrous  layer  and  spread  out  in  a  beautifuHj 
arborescent  manner,  as  a  capillary  network  in  the  substance  of  tliB 
vesicular  stratum.  After  slight  maceration,  it  is  easy  to  w*)ib  tb( 
nervous  material  out  of  the  me.shesof  the  vessels;  and  theylheofota 
a  vascular  layer,  but  which  it  is  hardly  correct  to  describe  Midi* 
tinct  lamina  of  the  retina.     They  are  merely  the    nutrient  vessels  w 

I  the  part,  and  are  the  representative  of  the  close  network  of  the  p»J 
substance  of  the  cerebral  convolutions.  Their  wall  is  a  diaphanniH 
membrane  with  nuclei  projecting  al  intervals,  and  the  meshes  aveng* 

I  jJb  of  an  inch  diameter. 

(       Behind  the  vesicular  gray  layer  is  the  granular  layer,  a  term  »e 

,  inall  apply  to  it,  because  it  seems  to  consist  of  a  close   aggrcgition 
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innoles,  which  refract  the  light  more  powerfully  thin  the 
Dg  [MrtB,  and  bare  scarceljr  any  appearance  of  ioterreniag 
!j  night  be  regarded  perhaps  as  analogous  to  the  nuclei  of 
Buch  resemble  a  layer  of  granules  in  the  substance  of  some 
ibnl  coBTolulions,  and  of  the  lamins  of  the  eerebellam. 
aide  more  evident  by  acetic  acid.  This  lijer  it  difided 
>r  which  the  inner  is  much  the  narrower,  bj  k  patt  itratmi, 
only  be  seen  by  very  careful  manipulation, 
outside  of  the  granular  layer  is  that  remarinbl*  lamina, 
the  name  of  its  discoverer, 
VM  JaeobL     It  consists  of  r*  US- 

d  rods,  placed  uprightly, 
nd  inwards,  the  thick  out- 
i  it  is  very  easily  detached 
Ht  of  the  retina,  wh»i  the 
nmoved,  so  as  to  float  as 
iTcds,  visible  to  the  naked 
water  in  which  the  eye  is 

The  rods  have  a  tendency 
I  from  one  another  when 
nter,  and  the  club-shaped 

are  then  often  seen  to  be 
a  sudden  bendins  back  of 
ike  a  crook,  which  may  be 
I  opened  ouL     Interspersed 

Toas  are  seen  on  the  outer  surface  a  nnmber  of  clear  spaces, 
tnnsparent  cells  were  disseminated  among  them.     This 

the  connecting  medium  between  the  retina  and  the  cho- 
lelium. 

len  before  slated  that  the  optic  nerve  pierces  the  sclerotic 
ie  retina  abont  an  eighth  of  an  inch  on  the  inner  side  of  the 

eye.  Precisely  in  this  axis,  the  retina  is  of  a  decidedly 
we  in  a  roundish  spot  of  about  ^  o{  vi  inch  diameter, 
r  its  discoverer,  the  yellow  tpot  of  SamTKerrmg.     This 

only  in  man  and  the  monkey  among  mammalia,  but  an 
lart  has  been  found  by  Dr.  Knox  in  reptiles.  It  has  been 
lysome  as  a  fold,  by  others  as  a  foiamen  in  the  retina,  and 
il  examinations  we  should  speak  of  it  as  a  small  mound, 
«  of  the  retina  towards  the  vitreous  humor,  with  a  minute 
the  sammiL  On  removing  the  sclerotic  and  choroid  with 
care,  the  inlerior  of  the  globe  can  be  seen  from  the  out- 
[h  this  hole ;  and  yet  the  membrane  of  Jacob  appears  to  be 
over  it.  On  examining  the  structure  of  the  retina  about 
■pot,  from  within,  the  fibrous  expansion  of  the  optic  nerve 
retching  in  every  other  direction  to  a  much  greater  dis- 
lOt  be  traced  quite  up  to  the  spot  itself.  Nucleated  cells 
elongated  meshes  of  the  fibrous  plexus  already  described, 
gth  the  fibres  disappear,  and  (he  closely  set  cells  seem  to 
rhole  surface  of  the  spot.  The  gradual  subsidence  of  the 
)  interstices  of  the  cells  we  have  diitinctly  seen.    As  for 


INNERVATIOIT. 


fhe"  colni 


J  malter, 

several  tissues  and  so 


TOOtWI 
JBiOftJI 


is  not  in  grains  of  pigment 
;oon  disappears  in  water.  The  use  of  Ihe  ] 
spot  is  unknown.  It  is  interesling  to  obsei 
connection  wiih  the  perfection  of  visnoi^ 
spot,  that  Ihe  principal  branches  of  ^^ 
end  vein  of  the  retina,  ahove  and  bn 
round  it  at  a  distance,  going,  as  it  wtj_ 
their  course  to  avoid  it,  so  thai  onlye 
vesseis  are  found  in  iis  immetliale  Ticiniij 
It  now  remains  lo  describe  the  Inmj 
I  ...  ,.r  ,i,e      media  which  occupy  the  interior  of  li 

"■,''.  "'^  the  eye. 
'  I".  The  vitreous  body,  Ijing  in  the  eM 
-li'cc.'  the  Mtina,  and  61ling  all  but  about  tT 
L'i^*'"*"'"^""""'  fifth  of  the  globe,  has,  when  entire,  l] 
ence  of  soft  jel  ly.  It  consists  of  sn  e 
fine  and  close,  but  perfectly  transparent  web  of  fibrous -< 
meshes  of  which  are  exceedingly  small,  and  contain  an  aqaet 
If  the  tissue  be  cut  into,  the  water  will  slowly  drain  off,  sbowii 
continuity  of  the  cells  with  one  another;  and  the  manner  in 
they  are  constructed  by  interlacing  fibres  may  be  very  plainlj 
with  a  high  power  near  the  ciliary  processes,  in  the  vicinity  of 
these  fibres  are  particularly  strong.  The  whole  vitreous  bt 
bounded  by  or  contained  in  an  envelop  of  extremely  thin  hoi 
neous  membrane,  having  corpuscles  or  cell-nuclei  on  its  inner  tn 
where  the  fibrous  tissue  is  attached  (fig.  1 17,  h,  h').  It  would  pc 
be  convenient  to  restrict  the  term  hyaloid  membrane  to  this  en' 
Where  Ihe  retina  extends,  that  is,  as  far  as  the  ciliary  \ 
hyaloid  membrane  is  in  contact  with  ils  inner  surface,  ■  ' 
to  it  by  an  extremely  transparent  layer  of  cells,  which 
invisible  until  swollen  by  the  imbibition  of  water  (fig. 
These  cells  serve  merely  as  a  bond  of  connection  between  \hth] 
membrane  and  the  fibrous  lamina  of  the  retina.  Between  the 
rior  border  of  the  retina  and  the  border  of  the  lens,  the  vitreoof 
i.^  accurately  adapted  to  Ihe  ciliary  stris  and  processes  of  lbecb( 
and  presents  a  series  of  plaitings  precisely  similar  to  those  oflbi 
cesses  themselves,  and  termed  the  ciliary  processes  of  the  vitmiu 
Collectively  they  form  a  circle  called  zonula  eiltans,  or,  zontef 
The  two  structures  are  in  a  manner  dovetailed  inio  one  anolher 
so  intimate  is  their  union,  that,  when  the  processes  of  Ihe  cborw 
drawn  away  from  the  vitreous  body,  Kime  of  their  pigment  is 
rally  left  adhering  to  the  processes  of  the  latter. 

In  Ihe  centre  of  its  anterior  surface,  in  a  space  nearly  correspo 
lo  the  area  between  the  points  of  the  ciliary  processes,  ihe  vi 
body  is  hollowed  out  to  receive  the  crystalline  lens.  Thi«^ 
contained  in,  or  bounded  by,  a  perfectly  closed  capsule,  0 
a  lissne  exactly  resembling  the  elastic  lamina  of  the  C 
described.  To  the  whole  posterior  surface  of  this  capsuti^ 
very  narrow  circumferential  portion  of  its  anterior  surfseej  j| 
structure  of  the  vitreous  body  is  firmly  attached ;  the  byi 
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e  ttieir  not  passing  behind  the  lens,  but  adhering  to  the  capsale 
oud  a  little  in  front  of  its  rim,  afler  crossing  the  interral  sepa- 
iglhe  tips  of  the  ciliarj  processes  of  the  choroid  from  the  lens. 

■  the  rim  nf  the  lens  is  not  exactly  at  the  surface  of  the  vitreoua 
f,  but  buried  alighdy  within  it,  and  over- 

led  a  little  b;  k.     AH  round  the  rim  of  the  Fig.  130. 

,  there  is  a  caritj  in  the  vitreous  body,  ez- 

lug  under  the  circle  of  the  ciliarj  processes 

le  Tatter,  and  termed  the  canai  of  Pttit  (fig. 

,  and  fig.  JI€*}.     The  hyaloid  membrane 

riitoting  these  ciliary  processes  forms  the 

sior  wall  of  this  canal,  which,  by  its  adhe- 

I  la  the  ciliary  processes  of  the  choroid,  is 

jeet  to  be  drawn  forwards  by  the  contraction       

Icciliary  muscle  already  ducrihed  (p.  4l2).    J',!,'!^^^'' 

en  this  occurs,  the  lens  also  is  adrenced,  in    'r'"C""  •fr™.  "■  .~'=" 

Kqaence  of  the  union  of  this  anterior  wall    imiisus  tha  [»«taa  or  iiw 

he  hyaloid  to  its  anterior  surface  near  the    SSr  "'  •'•""^-a""  *'- 

.    Were  the   canal  of  Petit  wanting,  the 

aj  muscle  would  act  rather  on  the  vitreous  body  around  the  lent, 

■  an  the  lens  itself.  Its  existence  may  be  easily  shown  by  filling 
itb  oiercuiy  or  air,  through  an  arliflcial  orifice  in  its  anterior  wall. 
-iojected  fluid  fills  out  the  plaitings  of  the  ciliary  processes. 

Ic  refracting  index  of  the  vitreous  body  is  about  1-339,  that  of 
tr  being  1-336,  so  that  the  difference  between  them  is  very  trifling, 
nay  be  referred  in  part  lo  the  transparent  fibrous  tissue.  Its 
■ieal  constitution,  according  to  Berzelius,  is  as  follows: 

Witer     ......    98-40 

Chloride  of  Sudiam, 
Albaaen 


t  eaily  life  the  vitreous  body  gives  passage  by  a  canal  to  a  branch 

M  central  artery  of  the  retina  to  the  back  of  the  tens;  and  in  large 

Ills,  though  not  in  man,  this  appears  to  supply  some  branches  to 

vitreous  body  itself  even  in  the  adult  state. 

he  eryttaUine,  as  already  mentioned,  is  a  double  convex  lens; 

its  surfaces  are  of  unequal  curvature,  the  posterior  being  the  more 

tx.    In  the  adult  Ibe  difler- 

'  is  nearly  as  4  to  3,  but  it  is  F%-  isi- 

eto  some  variety  in  difierent 

telM.     Chosaat  has  observed 

Iiw  curvatures  of  the  lens  in 

ox  are  ellipsoids  of  revolu- 

RMod  the  lesser  axis,  but        ^^^^^  L.ni:-q.  ai  wnh,  ».  ai  liz  jtit 

kcr  they  are  so  in  man  is  not     old.  <  Aduu   d.  i(ai<<ai»d  in  (pim,  aui  pw- 

ntoed:   the  subject  is  one     iing: 

diflbiult    of    investigation. 
has  alters  its  shape  with  age;  being  in  the  fixtus  more  spherical, 

fattened  in  childhood,  and  still  more  so  in  advanced  life.    In 


bs  fro 
ineM 
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infancy  it  projects  into  the  aqueous  humor  so  as  to  h 
in  old  age  there  is  a  space  intervening.  The  lens  also  varies 
sistence  with  age;  being  very  soft  at  an  early  period,  Tcrj 
declining  years.  At  no  epoch  of  life,  however,  is  it  of  unifo 
sistence  throughout;  being  always  denser  and  firmer  from 
inwards.  In  the  adult  its  diameter  is  from  i  to  j  of  an  inch, 
antero-posterior  axis  ahout  j  to  }  of  an  inch.  It  weighs  fro 
to  four  grains. 

The  lens  is  divided  into  capsnle  nnd  body.  The  mannS 
it  is  encased  and  fixed  by  the  capsule  in  the  vitreous  bodj,-1 
already  described.  It  only  remains  to  add,  that  the  anlenW 
the  capsule  is  nearly  four  times  thicker  than  the  posterior; 
strength  being  required  in  front,  where  the  surface  is  free 
aqueous  humor,  than  behind,  where  it  is  adherent  lo  (he  tissui 
vitreous  body.  The  diminution  in  thickness  does  not  occur  a 
at  the  rim  of  the  lens,  but  commences  gradually  on  the  i 
surface  near  (he  rim,  at  a  line  corresponding  to  the  airachi 
the  anterior  wall  of  the  canal  of  Petit.  The  capsule  is  p 
closed,  and  cannot  allow  of  the  passage  of  either  vessel  or  n 
its  interior. 

The  body  of  the  lens  is  constructed  in  a  manner  calculated  ti 
admiration.  It) 
6eies,  by  which  ii 
into  contact  wilht 
sule,  consists  of 
of  extremely  tran 
nucleated  cells 
senled  in  fig.  1 
These  cells  form 
ganized  coonecti 
dium  between  ih 
and  capsule  of  ih 
and  there  is  no  inl 
not  occupied  bj 
After  death  the 
soon  become  load 
water  (absorheti 
probably  by  the 
from  the  aqueous  humor),  which  is  the  aqaa  Morgagni,  ttii 
have  supposed  to  exist  naturally  between  the  capsule  and  bod 
lens  near  its  border. 

The  body  of  the  lens  is  composed  of  fibres  superimposed 
another,  and  united  side  to  side  in  laminae,  of  which  many  hi 
must  exist.  The  mode  of  arrangement  of  the  fibres  is,  howevc 
artificial  than  this.  In  the  mammalia  in  general  there  are  tI 
the  front  surface,  when  the  lens  has  slightly  lost  its  transf 
three  lines,  extending  from  the  centre  two-thirds  to  the  bori 
dividing  it  into  three  equal  parts:  and  on  the  opposite  surfu 
similar  lines  exist,  having  an  intermediate  position.  FraM 
these  lines  the  fibres  pass  from  surface  to  surface.     Thus,  I 
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di  from  the  centre  in  front,  adrances  midway  between  two  of  the 
s  over  the  border,  and  comes  on  the  opposite  aur&ce  to  the  ex- 
Bitr  of  one  of  the  lines.  Others  pass  from  the  extremities  of  the 
a  \n  front,  and  are  lost  in  the  centre  behind.  And  the  rest  of  the 
wificial  plane  are  intermediate  to  theae,  and  as  nearly  parallel  as 
ir  curved  course  will  allow.  If  we  now  consider  that  these  lioes 
the  lUfface  are  but  the  edges  of  planes  which  dip  to  the  centre, 
I  iflbrd  points  of  divergence  e&d  concourse  for  all  the  fibres  deep 
nil  as  superficial,  we  shall  readily  comprehend  what  may  at  first 
ktiecm  an  intricate  structure.    Tbia  arrangement  was  known  to 

Fig.  1S3.  Fig.  134. 


Lfui.   kicdincd   in    ipiril   ind 
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■wenhoeck,  and  has  been  shown  by  Sir  D.  Brewster  to  present 
elies  in  diflerent  classes  of  animals.  In  the  hamao  lens  we  finit 
tripartite  division  is  seen  imperfectly,  and  only  in  the  centre  ;  for 
Ihree  primary  diverging  lines  bifurcate  again  and  again,  and  with 
iderable  irregularity,  so  that  the  ultimate  subdivision  is  into  from 
re  to  sixteen  parts  in  the  adult,  but  only  from  four  to  six  in  the 
I. 

)  the  account  now  given  may  be  added,  that  as  the  fibies  are 
ler  in  proportion  as  they  are  more  internal,  so  do  they  appear 
iwer,  more  cylindrical,  solid,  and  intimately  united  to  each 
',  aa  we  trace  the  structure  inwards.  The  superficial  fibres  are 
ned  according  to  the  surface  tbey  answer  to;  and  of  all  it  may 
lid,  that  they  are  narrower  towards  their  extremities,  as  their 
gement  renders  necessary.     The  edges  of  the  fibres  in  fishes  are 

beautifully  toothed,  and  dovetailed  together,  as  Sir  D.  Brewster 
ed  out  (fig.  132,  d) ;  and  something  similar  may  be  detected  in 
lore  supei^cial  fibres  of  the  lens  of  the  larger  mammalia,  and  in 
But  the  deepest  fibres  present  scarcely  any  trace  of  this  ele- 
•tructure.     Near  the  tripartite  division  of  the  lens  the  fibres  arc 

nnited  than  elsewhere,  and  appear  more  or  less  consolidated 
her.  The  average  thickness  of  the  fibres  in  man  is  about  j-iVs  of 
eh. 

le  increasing  density  of  the  lens  towards  its  centre  is  attended 
an  increase  of  the  refracting  power,  deugned  to  augment  the 
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convergence  nf  ihe  central  rays  of  the  transmitted  pencils  in  their 
course  through  the  lens,  and  thus  lo  bring  them  to  the  same  facus  villi 
the  circuraferentiai  rays.  Sir  D.  Brewsier  stales  the  refracting  power 
of  the  lens  at  Its  surface  to  be  1-3767,  and  at  the  centre  1'3990. 

The  lens,  during  its  development,  has  a  very  copious  distribution 
of  blood  lo  the  outer  surface  of  its  capsule,  from  two  sources.  Tht 
central  artery  of  the  retina  sends  a  vessel  through  Ihe  vilreous  humor 
to  the  centre  of  its  posterior  surface,  ^vhich  branches  into  a  nidlati^ 
series  of  capillaries  investing  il  as  far  as  Ihe  border,  vhen  tbn 
anastMHOse  with  vessels  derived  from  the  ciliary  processes,  vbia. 
proceed  some  way  over  the  front  of  the  capsule,  and  return  in  loopi. 
None  of  these  vessels  continue  after  the  lens  has  attained  to  maturi^. 

I'he  lens  consists  chiefly  of  albumen,  and  becomes  hard  and  opaau 
fay  boiling.  The  central  parts  evidently  contain  a  smaller  ptopoitiOB 
of  water  than  the  outer  layers,  which  merely  become  flocculenl  bylhe 
action  of  heit.  The  fibrous  and  lamellar  structure  is  more  easily  seta 
when  thus  rendered  opaque,  and  it  then  separates  more  easily  bIod; 
the  triple  or  inulliple  planes  already  indicated.  Berzelius  stales  lli« 
precise  chemical  constitution  of  Ihe  lens  to  be  as  follows: 


nltri    1 
llilrf 

dthi    1 


Th-e  aqueous  humor,  as  lis  name  imports,  is  very  nearly  pure  wilwi 
containing,  according  lo  Berzelius,  less  than  a  (il'iieih  of  tls  weigiil  ' 
other  mailers,  of  which  more  than  half  is  chloride  of  sodium,  lod ' 
rest  exlraclive,  soluble  either  in  waler  or  alcohol. 

Il  6Hs  up  the  space  between  the  cornea  and  lens — tt  space  dtvldfJ 
into  two  cavities  by  the  membrana  pupillaris  in  the  fcelus,  and  slHl 
partially  divided  by  the  iris  into  an  anterior  and  posterior  thimbii, 
continuous  through  the  pupil.  The  anterior,  though  smalt,  is  nmcli 
larger  than  the  posterior,  and  is  hounded  by  the  cornea  in  front,  (lie 
iris  behind,  and  a  portion  of  the  ciliary  ligament  at  ils  circumfennce- 
The  posterior  is  bounded  by  the  iris  in  front,  the  lens  and  a  nim' 
circle  of  hyaloid  membrane  behind,  as  well  as  by  the  ciliary  procOMi 
which  slope  towards  the  iris,  and  thus  limit  the  lateral  dimensinniof 
the  chamber.  It  is  very  easy  lo  imagine  the  exisience  of  a  lining 
membrane  to  this  cavily  of  the  aqueous  humor,  such  as  would  form 
a  closed  sac,  and  answer  to  the  serous  structures ;  and  g  mtmhrant  of 
the  aqueous  /lumor  has  accordingly  been  described  by  several  anito- 
mists.  But  the  most  careful  observation  fails  to  detect  any  suck 
serous  sac,  though  Ihe  posterior  epithelium  of  Ihe  cornea  (p.  407) 
closely  resembles  that  of  serous  surfaces.  No  epithelium  exists  in 
front  of  the  iris,  and  certainly  none  is  present  on  the  snterior  surfnet 
of  the  lens:  this  ve  can  aver  from  repeated  examination.  On  the 
posterior  surface  of  the  iris,  however,  there  seems  lo  be  a  pigmeotag 
membrane. 

Of  the  Optic  JVerves,  and  their  central  connections. — The 
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nres  is  devoted  to  the  sense  of  sight,  and  on  that  account 
ed  the  name  of  Optic  Nerves. 

riced  manner  in  which  these  nerves,  terminate  in  the  retinse, 
nt  relation  in  size  between  them  and  the  organ  of  vision, 
J  which  they  suffer  when  the  visual  apparatus  has  been 

the  impairment  or  loss  of  vision  which  follows  a  morbid 
lem,  place  it  beyond  all  question  that  they  are  the  proper 
I  of  visual  impressions  to  the  sensorium. 
ic  nerves  form  a  most  extensive  connection  with  the  brain 
le  optic  tracts.     The  optic  tracts  are 
led  bands  of  nervous  matter,  which  ^is*  ^26. 

om  the  posterior  and  superior  surface 
ocephale  (the  region  of  the  quadrige- 
irdes)  forwards  along  the  inferior  sur- 
;b  crus  cerebri,  and  after  passing  in  a 
arse  (concave  inwards)  along  the  base 
n,  unite  in  front  of  the  tuber  cinereum 
Jary  bodies,  and  form  a  very  intimate 
vhieh  is  called  the  ckiasma  or  com- 
'  the  optic  nerves, 
its  chiasma  the  optic  nerves  spring,  piuoftheoptienarTMon 
re  as  they  pass  forwards  into  the  orbits  i:?;^n~*fti^:'yu«- 
le  optic  foramina.  T|iis  point  may  rSo'Sit^'lKr^iilS 
upon,  therefore,  as  their  origin.  To  ofih«axi»ofihchaino». 
1,  however,  more  exactly  their  relation 
Ji,  it  will  be  necessary  to  trace  the  connections  of  the  optic 
1  to  inquire  into  the  structure  of  the  chiasma. 
Dg  each  optic  tract  back  from  the  chiasma,  we  find  that  it 
a  pretty  close  connection  with  the  locus  perforatus  on  the 
id  with  the  tuber  cinereum  on  the  inside.  Whether  any  of 
spring  from  the  tuber  cinereum  is  matter  of  great  uncer- 
urther  back  the  optic  tract  adheres  by  its  outer  margin  to 
erebri,  and  is  concealed  by  the  middle  lobe  of  the  brain. 
urse  it  expands  considerably,  and  at  the  posterior  edge  of 
erebri  it  forms  intimate  connections  with  certain  gangliform 
the  brain«  First,  we  observe  its  connection  wiSi  ^e  ex- 
iculate  body,  a  small  prominent  tubercle  of  darker  colour 
unrounding  parts,  and  situate  at  the  posterior  margin  of  the 
»ems  to  involve  the  outermost  fibres  of  the  tract,  as  a  gan- 
firom  it  a  band  of  fibres  is  continued  back  to  the  posterior  of 
igeminal  bodies.  Beneath  the  posterior  extremity  of  the 
mus  the  innermost  fibres  of  the  tract  form  a  connection  with 
Hilar  body,  the  internal  geniculate  body,  from  which  fibres 
aed  backwards  to  the  anterior  of  the  corpora  quadrigemina. 
,  thus,  appear  to  divide,  each  into  two  bands:  of  which  the 
after  passing  through  the  external  geniculate  body,  reaches 

and  the  inner  one,  similarly  related  to  the  internal  geni- 
^,  reaches  the  nates. 

10  tracts  are  connected  with  the  optic  thalami  chiefly  through 
ate  bodies.    Each  tract  adheres  to  the  outer  side  cf  its  cor- 
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responding  thalamus  for  some  distance,  but  whelber  any  6bres  siek 
into  it  is  not  determined.  In  the  horse,  dog,  sheep,  and  raonkei. 
this  arrangement  is  very  conspicuous,  as  the  greater  portion  of  lis 
fibres  of  the  tract  expands  over  the  internal  geniculate  body,  whid 
is  incorporated  with  the  posterior  extremity  of  the  thalamui.  Tie 
diameter  of  the  tubules  of  the  optic  tracts  we  bare  found  to  iwj 
from  -nW  to  sAs  of  an  '"ch. 

The  chiasma  results  from  the  junction  of  the  optic  tracts  in  front  of, 
and  inferior  to,  the  tuber  cinereum.     The  fibres  which  form  the  irintr 
margin  of  each  tract,  p,  are  con- 
Fig.  126.  tinned  across  from  one  side  of 
the  brain  lo  the  other,  and  fom 
no   connection   with   the  optic 
nerves,  and  exist  where  ihm. 
nerves  do  not  exist,  as  in  lit 
mole.     These  fibres  may  be  re 
garded  as  commissural  bclweio 
the   Ihalami  of  opposite  ^*i- 
coBTKofBbrc.  in  iho  ciiiurBa,u«iiibiiBj  b)'    The    remaining    fibres  of  ile 
hVra°n«d''ul'lli.mrt,°AmX^rfiV«"™m™  tracts   go   lo    form    Ihe   oplit 
miHun"  iSiwI«'ST*kiamir"'"p"  D^^Tf   ""ves;   ihc  Central  ones  pas? 
iHs  pncuding.  into  the  nerve  of  the  oppos'e 
side,   decussating    the    simik 
fibres  of  the  other  tract;  and  the  outermost  fibres,  much  frwn  in 
number  than  the  central  ones,  pass  to  the  optic  nerve  of  the  stmt 
side. 

This  disposition  of  the  fibres  of  the  chiasma  may  be  demonstnte<! 
on  a  specimen  which  has  been  sufficiently  hardened  in  spirit,  by  tetiing 
the  fibres  in  Iheir  proper  direction  after  the  removal  of  the  nearilemW' 
By  such  a  procedure  it  may  be  shown  that  each  optic  nerve  derim 
its  principal  fibres  from  (he  tract  of  the  opposite  side,  and  onlyabT 
fibres  from  those  of  its  own  side. 

The  existence  of  such  a  decussation  of  fibres  in  tbe  chiasm*  is. 
moreover,  rendered  highly  probable  by  the  strong  indications  of  most 
extensive  decnssation,  resembling  that  of  Ihe  anterior  pyramidi,!" 
some  of  Ihe  large  carnivorous  birds,  and  also  in  Ihe  crossing  *(ft* 
entire  optic  nerves  in  some  of  the  osseous  fishes,  the  cod  for  cxumiK- 
In  the  common  domestic  quadrupeds  the  decussation  of  the  fiw** 
is  not  to  be  made  out  so  plainly,  probably  from  its  being  more  com- 
plicated. The  chiasma  somewhat  resembles  a  knotted  union  of  the 
two  tracts,  which  is  dense  and  firm  in  structure. 

The  optic  nerves  appear  also  to  be  connected  by  fibres,  forming  'iif 
anterior  border  of  Ihe  chiasma,  and  which  may  be  regarded  as  com- 
missural belween  the  two  retiniE  (u,  fig.  126). 

From  the  quadrigeminal  tubercles  lo  the  chiasma,  nerve-tubes. 
mostly  of  large  size,  are  visible  by  the  microscope  in  the  tracts,  h 
the  chiasma  and  the  optic  nerves,  the  fibres,  although  very  Taritbl* 
in  size,  are  so  closely  connected  together  that  it  is  exceedingly  di(B- 
cult  to  separate  them.  They  seem  to  be  collected  into  numeniui 
small  bundles,  having  an  intricate  plexiform  interlacement  wilhin  llw 
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I  ^eath.  Each  bundle  is  sarrounded  by  a  &rm  but  dense 
ima,  and  thus  it  is  impossible  by  the  ordinary  means  of  mani- 

to  separate  a  portion  of  the  nerve  of  sufficient  delicacy  to 

any  considerable  length  of  its  fibres. 
!  and  character  of  the  fibres  may  be,  j.j    j^, 

d  by  examining  portions  of  tnem 
reject  from  the  margin  of  the  piece.  'v 

optic  nerre  is  abundantly  supplied  ] 

>nlaries,  whicb  form  a  network  with 
rd  meshes  in  its  substance.  A  little 
the  globe,  it  receives  from  the  oph- 

artery  a  branch,  before  alluded  to,  ( 

ia  centralis  retins,  which  penetrates 

is,  along  which  it  runs  to  the  inferior     f„^'*SI?'hilIn^n'Sp"e'n^»'or 

re,  in  a  canal  of  fibrous  tissue.    This     "''oo«  »!«>.  tad  T«riH«.  'ai 

'.  !■    ,         ,  1      .1  a  Iho  MBlimi  siu  priBDcu  be- 

then  radiates  to  supply  the  retina,     vond  iht  whii*  ■nbiiuice  «  > 
le  fetus  sends  forwards  a  twig  to  the     a^,"  "'"""'■-"•*"■  >** 
t  is  accompanied  everywhere  by  cor- 
ing veins. 

nerves  are  distributed  to  the  eye,  which  are  connected  with 
lent  and  other  actions  of  the  eyeball.  These  are  derived  from 
halmic  division  of  the  tifih,  from  the  third  pair,  and  from  the 
etic.  It  is  remarkable,  however,  that  all  these  nerves,  with 
vptions,  between  their  origin  and  their  distribution  in  the 
'  the  eye,  meet  in  a  small  ganglion  situated  on  the  outer  side 
>tic  nerve,  called  the  ophthalmic  or  levHcular  ganglion.  This 
nsoally  considered  a  portion  of  the  cephalic  division  of  the 
etic;  it  is  connected  with  the  superior  cervical  ganglion  by  a 
neb  which  ascends  from  the  carotid  plexus  along  the  carotid 
nd  enters  the  orbit.  A  long  nerve  from  the  nasal  branch  of 
halmic  division  of  the  fifth  also  joins  this  ganglion  at  its  supe- 

posterior  angle,  and  a  short  thick  branch  from  the  third  nerve 
:  ganglion  at  its  inferior  posterior  angle.  From  the  anterior 
f  the  ganglion  thus  formed,  proceed  two  bundles  of  delicate 
from  twelve  to  sixteen  in  number  (ci/turynervei),  which,  after 
pierced  the  sclerotic  at  its  posterior  third,  pass  between  that 
d  the  choroid,  and  are  distributed  chiefly  to  the  ciliary  muscle 

hut  also  to  the  cornea. 

the  nasal  branch  of  the  ophthalmic  there  proceed  two  long 
called  long  ciliary  nerves,  which  do  not  form  any  connection 
ophthalmic  ganglion.  These  nerves  pass  off  in  company, 
separate  from  each  other,  one  going  to  the  inner,  the  other 
juter  side  of  the  eyeball;  they  penetrate  the  sclerotic,  and 
my  the  other  ciliary  nerves  in  their  distribution  to  the  ciliary 
ind  iris. 

ye  is  moved  by  six  muscles,  four  straight  and  two  oblique. 
ler  arise  from  the  margin  of  the  optic  foramen,  at  the  apex 
bit,  and  are  inserted  into  (he  sclerotic  near  the  cornea,  above, 
nd  on  each  side.  The  superior  oblique  arises  with  the  recti, 
tt  direction  changed  by  a  pulley  of  fibrous  tissue  at  the  upper 
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and  inner  part  of  the  margin  of  the  orbit;  whence  it  puses  n^ 
D^warils,  outwards,  and  downwards,  under  the  superior  rectus  muscit 
Cto  the  sclerotic  behind  the  transverse  median  plane  of  the  glol)^  it- 
Jtweenthe   superior  and  external  recti.     The  inferior  oblique  Jrt« 
I  from  the  lower  part  of  the  margin  of  the  orbit,  about  its  inoef  Hifll, 
r  and  passing  backwarfls,  outwards,  and  upwards,  under  the  inferior 
L  rectus,  is  inserted  into  the  sclerotic,  near,  but  beneath  the  supcnor 
I  oblique.     The  action  of  the  recti  muscles  is  obvious:  whea  used  u 
f  concert,  they  fix  (he  eyeball;  when  singly,  Ihey  turn  it  towarJi iIkii 
I   respective  sides.     The  globe,  besides  being  imbedded  in  fat,  is«> 
1   pended   or  slung  in  a  capsule  of  fibrous  tissue,  wilh  which  it  ii  » 
I   immediate  contact.     This  is  attached  in  front  to  the  tarsal  cartilagti, 
I    and  is  prolonged  backwards  over  the  globe  and  oplic  nerve,  »l!n 
f  being  perforated  by  the   muscles.     Mr.   O'Ferrall,  who  hu  liltlj 
I  directed  attention  to  this  fibrous  structure,  has  termed  it  the  tiaia 
F  vaginalis  oculi.     It  is  important,  as  furnishing  support  to  the  «jeU 
"under  muscular  movements.     The  recti  muscles  are  supplied  bjikt 
third  pair  of  nerves,  except  Ihe  external,  which    receives  the  lii^ 
The  oblique  muscles  antagonize  the  recti,  and  must  in  Bdililioii,^ 
acting  together,  draw  the  globe  inwards,  and  converge  thei<es« 
the  eyes.     The  superior  oblique,  if  alone,  would  most  probably  i>M 
^tfac  front  of  the  eye  downwards  and  outWHrds,  and  Ihe  inferior obliijx 
R^pwards  and  inwards;  but  on  these  points  much  difference  of  opimm 
utill  prevails.     The  former  is  supplied  by  the  fourth  pair,  the  1* 
E,by  the  branch  of  the  third  that  gives  the  motor  fibres  to  the  o[iM 
r  jsic  or  lenticular  ganglion,  from  which  tlie  ciliary  muscle  snJ  iw 
txeceive  their  nerves.     And,  in  connection  wilh  the  latter  a^^BDplMB^ 
Kit  is  interesting  to  remark  that  the  pupil  contracts  when  the  ejMW 
RjlJirected  inwards  and  upwards,  and  generally  also  in  the  adjustic^' 
■  for  near  vision,  which  is  attended  wilh  a  convergence  of  tne  (^"^ 
Euces.     During  sleep  the  eyes  are  usually  turned  inwards  and  opwA 
uuitl  the  pupil  is  contracted — actions  produced  through  the  oedimn 
Cof  the  inferior  division  of  the  third  pair  supplying  the  inferior  oMiqw 
Eand  iris.     The   iris  is  evidently  involuntary  in  its  movements;  M 
[contracts  only  in  obedience  to  this  stimulus  of  light  upon  iheRliUi 
Lpr  when  the  eye  is  turned  upwards  and  inwards. 
t-     The  eyelids  are  exquisitely  a<iapted  to  shield  the  eye  from  too  rtn»| 
flight,  and  to  protect  its  anterior  surface  from  the  contact  of  hoitfiil 
Liobstances.     In  the  upper  lid,  which  is  much  larger  and  roo^etnOf^ 
Lftble  than  the  lower,  tliere  is  a  thin  sheet  of  cartilage,  cuired  to  lit 
Efthe  front  of  the  eye,  and  to  facilitate  its  gliding  motion  ovcrthegloW- 
I  To  the  posterior  convex  border  of  this  tarsal  cartilage  ihe  letfitw 
rpalpebne  muscle  is  attached,  which  thus  serves  to  elevate  the  wMt 
LJid.     The  lower  lid  possesses  a  very  narrow  slip  of  cartilage,  which 
rineets  the  upper  at  each  side  through  the  medium  of  fibrous  tisMf, 
I  which,  at  the  outer  angle  of  the  eye  is  attached  loosely  to  Ihe  ni»l^ 
L.bone,  and  at  the  inner  angle  forms  a  tendinous  cord,  the  tendo  «». 
^ about  a  quarter  of  an  inch  long,  which  passes  horizontally  to  be  filri 
to  the  nasal  process  of  the  superior  maxillary  bone.     This  latter  ■< 
the  principal  attachment  of  the  eyelids.     The  eyelids  enclose  ft* 
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lieularia  mnsrle  between  the  skin  and  their' cartilages,  tts  fibres 
a  in  curves  from  the  lower  border  of  the  tendo-oculi  and  neigh- 
aring  part  of  the  border  of  the  orbit,  encircling  the  eye  and  form- 
1 1  thin  layer  under  the  skin,  both  of  the  lids,  cheek,  and  brow, 
a  returning  to  the  upper  border  of  the  tendo-oculi.  They  are  sup- 
:ed  by  the  portio  dura,  and  perhaps  by  some  fibres  of  the  fifth  nerve, 
d  act  generally  in  answer  to  the  stimulus  of  air  or  foreign  particles 

the  fifth  nerve  in  the  conjunctiva,  as  well  as  of  a  too  strong  light 
mt  the  retina.  The  will  exerts  a  limited  power  over  the  orbicula- 
1,  bat  is  quite  unable  to  restrain  its  action  when  sufficiently  excited 

Ae  before-named  stimuli.  The  entire  muscle  consists  of  striped 
les.  The  lida  are  further  armed  along  their  free  margin  by  the 
Keate  curved  hairs,  called  the  lashes.  These  intercept  the  entry  of 
reign  particles  directed  against  the  eye,  and  assist  in  defending  the 
gaa  from  excess  of  light. 

At  the  border  of  (he  eyelids,  the  skin  becomes  continuouiwith  their 
aeons  lining,  termed  the  conjuMliva,  This  membrane  lies  upon 
e  tarsal  cartilages,  and  is  then  reflected  over  the  front  oftfae  globe, 
heie  it  has  been  already  in  part  described  with  the  cornea.  Be- 
rcenthe  cartilages  and  the  conjunctiva,  and  partially  imbedded  in 
e  ibrmer,  are  the  Meibo- 
im  ^an^y  which  may  be 
«nUrouriitbeeonjunc(iTR 
.(UK  1^).  Each  gland 
>Uats  of  a  series  of  folli- 
es, arranged  upon  an  elon- 
Utd  common  duct,  which 
■plies  itself  on  the  border 
r  (he  lid.     They  consist  of 

basement  membrane  and 
i  epithelium  (fig.  139); 
Khtter  contains  sebaceous 
atler  in  its  cells,  and  is  in 
ontiDual  course  of  fortna- 
M.  Its  particles,  when 
illy  developed,  are  thrust  . 
nnrd  along  the  duct,  and 
Mtitulethe  secretion.  The 
•of  the  Meibomiao  glands 

obvioosly  to  prevent  ad- 

oion  of  the  lids;  and  their 

ilBgement  side  by  side,  so  as  to  form  an  even  layer,  adapts  them  to 

enrftee  of  the  globe,  over  which  they  are  being  constantly  moved. 

Wf  are  a  variety  of  the  cutaneous  sebaceous  glands,  which  they 

Kinble  in  every  particular  except  shape.     At  the  inner  canthus  is 

arveruzed  sebaceous  gland,  covered  with  mucous  membrane,  and 

nlly  termed  the  caruncle  [%.  130). 

T1i«  conjunctiva  of  the  lids  presents  on  its  free  surface  a  minute 

pillarj  structure,  probably  connected  with  the  exquisite  sensibility 

licli  renden  this  membrane  so  valuable  a  covering  to  the  eye.    Iq 


—From  Sgemaer- 
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ihe  disease  lermed  granular  lids,  these  papillx  are  liyperlrophW^ 
To  the  sclerolic  coat  Ihe  conjunctiva  is  loosely  attached  by  las  amb 
tissue  in  which  numerous  tortuous  vessels  lie. 

The  front  of  the  eye  is  irrigated  by  Ihe  lachrymal  fluid  secreled^ 
the  gland  of  that  name.  This  gland  is  placed  within  Ihe  orbit,  unde 
cover  of  the  external  angular  process  of  Ihe  frontal  hnne.and  isaboul 
the  size  represented  in  lis.  I2S,  I.  In  appearance  and  slructurf  tl  lui 
much  similarity  (o  the  salivary  glands;  its  ulumale  parts  being tcm- 
cular.  Its  ducts,  about  seven  in  number,  open  on  the  conjunciirt, 
at  its  upper  and  outer  part  near  its  reflexion  on  to  ibe  globe,  anil  arc 
arranged  in  a  row,  so  as  to  disperse  their  secretion  over  the  atm- 
brane  (fig.  128,  d).  The  constant  motion  of  the  upper  lid  facilitilM 
the  distribution  of  the  Quid,  which  thus  streams  continually  ovcrdit 


Fig.  iss. 


Fig.  130. 


tF<ciutf.rflYeiiid.h.ir>iwi«hi: 

The  lithrTiiiBl  f\<ui 
r««dwiihU.by.li>l 

I>llig1.i.    t.  EpillicJiuni  ean.iiiul- 

■e  L«ftirTiB«l  AppinW-t. 


front  of  Ihe  eye,  and  carries  off  any  extraneous  particles  thai  atj 
have  found  their  way  into  it.  The  fluid  is  then  conducted  iolollM 
nostril  through  a  singular  system  of  channels,  lined  by  mucous  ntOr 
brane,  continuous  between  that  of  the  eye  and  nose.  Near  the  mnM 
end  of  the  border  of  each  tarsus  there  is  an  orifice,  a  little  proDoineal, 
and  projecting  slightly  backwards,  so  as  not  to  be  obstructed  when 
the  lids  are  closed.  These  are  the  pmicla  lachrymalia  (6gs.  128  oi 
150^.    They  lead  by  two  ducts  [canaliculi),  into  the  Uckrymal  sac, » 
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lined  by  the  lachrymal  and  superior  maxillary  bones,  com- 
f  fibrous  membrane.  This  is  continued,  under  the  name  of 
i,  into  the  inferior  meatus  of  the  nose,  where  it  opens  under 
the  lower  spongy  bone.  A  fold  of  mucous  membrane  usually 
s  orifice, 
r  phenomena  of  Vision,^ — The  consideration  of  the  changes 

illowing  lavs  affecting  the  passage  of  rays  of  light  through  transparent 
irioas  density  ought  to  be  kept  steadily  in  view  by  the  student  of  the  phy- 
rision. 

of  light,  in  its  passage  from  a  rare  into  a  dense  medium,  is  bent,  or,  in 
ftoage,  refracted,  lowardM  the  perpendicular  to  ihe  point  of  incidence,  if  it 
*ly  upon  the  surface  of  the  latrer  medium.  The  direction  of  the  ray,  there- 
•red  in  the  dense  medium.  The  degree  of  this  refraction  depends  partly 
lensiiy  of  the  medium,  and  partly  upon  the  angle  at  which  the  ray  falls 
e  angle  of  incidence).  If  the  ray  of  light  fall  upon  the  transparent  surface 
gles  to  it,  it  will  pass  through  it  without  undergoing  any  change  in  its  di- 

ray  pass  from  a  dense  to  a  rare  medium,  it  will  be  refhictedyiwii  the  per* 

10  the  point  of  incidence. 

bvious,  from  what  has  been  stated,  that  the  incident  and  refracted  ray  will 

on  different  sides  of  the  perpendicular. 

eases  where  rays  of  lif^ht  pass  from  one  transparent  medium  to  another,  a 

lion  of  them  is  reflected  at  the  surface  of  each  new  medium.  If,  therefore, 

ihrough  many  different  media  in  succession,  much  of  it  will  be  completely 

9m  its  original  direction  by  reflexUm, 

leral,  the  greater  the  specific  gravity  of  a  body,  the  greater  is  its  refracting 

encil  of  rays  diverging  from  a  luminous  point  fall  directly  upon  the  surface 
X  lens,  they  will  not  all  be  equally  refracted.  The  central  ray  will  pass 
changed  in  its  course.  Those  nearest  the  centre  wilt  be  least  refracted; 
distant  from  it  (which  consequently  fall  with  the  greatest  obliquity  upon 
'.  of  the  refracting  medium)  will  be  most  refracted, 
e  emergence  of  the  rays  of  light  from  a  bi-convex  lens  into  air,  or  any 
nm  less  dense  than  the  lens  itself,  each  ray  will  be  bent  away  from  the 
liar  to  the  point  of  emergence.  The  effect  of  this  is  to  cause  a  converge 
the  emerging  rays  towards  the  central  ray;  at  this  point  of  cinivergence, 
n  image  of  the  luminous  point  from  which  the  rays  originally  pashed  is 

point  of  convergence,  or  focus,  varies  as  to  its  distance  from  the  surface  of 
,  according  to  the  refracting  power  of  the  lens,  the  amount  of  curvature  of 
I,  and  the  distance  of  the  luminous  body.  Its  distance  constitutes  the  focal 
istance  of  a  lens. 

ksequence  of  the  unequal  refraction  of  rays  passing  through  a  convex 
ens  of  convergence  of  the  central  rays  is  more  distant  from  the  surface  of 
an  that  of  the  peripheral  rays.  Hence  the  image  formed  at  the  focus  of 
in  some  degree  indistinct  at  its  e<1ges.  The  imperfection  is  due  to  what 
lly  called  spherical  aberrulum ;  and  it  can  be  C(  unteracted  only  by  mter- 

passage  of  the  circumferential  rays,  or  by  employing  such  a  combination 
I  will  establish  a  jubt  proporiion  between  the  refraction  of  the  central  and 
rays.  This  aberration  is  liable  to  occur  in  all  forms  of  lenses,  whether 
concave. 

le  light  is  compound,  and  may  be  analyzed  by  passing  a  beam  of  sunlight 
prism.  The  s<ilar  spectrum  ilius  furmed  on  a  surface  opposite  the  prism  is 
of  bands  of  diffVrent  colouis  insensibly  passing  into  each  other,  which  are, 
from  above,  violet,  intiiso,  blue,  ?reen,  yellow,  orange,  and  red.  Of  these 
(loured  rays,  that  which  is  most  bent  from  the  original  direction  of  theso'ar 
e  violet,  and  the  red  is  the  least  refracted.  It  is  owing,  therefore,  to  this 
frangibility  of  the  different  kinds  of  simple  light  that  we  are  enabled  to 

white  light  by  its  tran><mission  through  a  prism, 
e  different  coloured  rays  which  have  emerged  from  the  prism  be  allowed 

a  second  similar  prism,  held  in  a  reversed  position,  they  will  on  Iheir 

unite  to  form  white  light  again. 
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produced  in  the  rays  of  light  passing  through  a  rtnuble  coofcx  Im 
b  £xpl»it)s,  to  a  great  (legrep,  tht;  pliennmena  resulting  from  the  pasigt 
I  of  tbe  rays  tlirough  the  dioptric  media  of  the  eye, 
I  A  ray,  falling  on  the  surface  of  such  a  lens,  is  bent  toward)  Ifct 
I  perpenilicular  lo  the  point  of  incidence,  and  continues  in  Ihnt  dirK- 
['  tioD  to  the  opposite  surface  of  the  lens.  It  then  emerges  from  ibt 
[lens,  anil,  In  thus  passing  from  a  dense  to  a  rare  medium,  it  iib«iii 
I  from  Ihe  perpendicular  to  the  point  of  emergence.  It  canllitiitK 
[  shown  ihal  (he  coiiiponent  rays  of  a  pencil  diverging  from  ipCUU, 
r  will  be  bent  lowHrds  ihe  central  ray  of  ihe  pencil,  or  ihat  whicb/illl 
I  perpendicular  to  the  convex  surface,  and  be  brought  to  a  focus  in  ii( 
[  fcne  of  tbe  central  ray.  And  the  several  pencils  of  rays,  prccetiliiig 
I  from  different  points  of  an  object,  cross  one  another  in  iraveisinglit 
Ipns,  so  that  the  foci  to  which  they  are  respectively  broughl  Iwjood 
the  lens  are  in  positions  the  reverse  of  those  from  whicli  ibey  seloal, 
t  and  the  entire  image  is  a  reverse  of  the  object. 
I  To  apply  this  lo  the  eye. — If  a  luminous  object,  as  ihe  Qant  o(l 
I  eandle,  be  placed  eight  or  ten  inches  in  front  of  the  orgsn.sonif  nji 
I  fall  on  the  sclerotic  and  are  reflected ;  the  more  central  oDet  fill  to 
I  the  cornea;  some  are  reflected,  and  others  pass  through  it,aresligkilj 
I  converged  by  it,  and  enter  the  aqueous  humour,  which,  being  probf 
I  biy  of  tbe  same  refracting  power,  does  not  alter  their  course.  P» 
I  ing  onwards,  some  meet  the  iris  and  are  absorbed  or  reHeded  b]ril| 
C  vhitst  others  advance  through  Ihe  pupil.  Thus  rays,  falhng  cm  I 
I  large  extent  of  Ihe  cornea,  are  converged  so  as  lo  fall  on  tLelstS- 
I  By  the  convexity  of  the  surface  of  the  lens,  as  well  as  by  tbe  greilf 
I  density  of  lhal  body  towards  its  centre,  this  convergence  is  niocli  in- 
I  creased.  Lastly,  by  their  passage  into  the  rarer  medium  ofiheiiif" 
f  ous  humour,  tbe  rays  are  further  converged  by  the  refraclioa  of  luk 
I  ray  from  the  perpendicular  to  the  poinl  of  incidence,  and  ihe  ic»W»l 
I  pencils  which  they  form  are  brought  lo  as  many  foci  in  the  retina.  Aol 
[  still  further,  the  rays  from  the  opposite  points  of  the  luminoua  obJKt, 
I  by  reason  of  ihe  change  of  direction  which  they  undergo  through  liw 
I  successive  refracfions,  cross  one  another,  (the  angle  of  crossing  bfwg 
1.  called  the  visual  angle,)  and  thus  the  image  of  the  Hame  on  the  nUH 
I  appears  inverted. 

I  This  inversion  of  Ihe  image  may  be  exhibiled  by  n  model,  ifftf 
I  venting  Ihe  transparent  mediit  of  the  eye,  with  a  retina  of  grMwl 
I  glass;  or  it  may  be  shown  on  a  recent  eje  by  simply  removing ih' 
[  «paque  coats  behind  the  retina,  or  in  the  eye  of  a  white  rabbit,  >A<t 
[  removing  Ihe  muscles  and  areolar  tissue  around  it. 
I  When  the  retina  corresponds,  or  nearly  so,  lo  the  points  nf  cw 
I  mergence  of  the  several  pencils  of  lighl,  dislind  vision  of  Ibeobjfd 
I  ig  obtained;  and  the  distance  for  distinct  vision  is  ordinarily  iboul 

B  J3.  The  liiflVrfnl  rerranaibiliiyofitierays  or *iinplf  light  iianoih»rsoDrc»ofi(di» 
L|ttncinci-s  in  imagexfnrmedhy  iheirnQsmission  of  ll^hi  ihrnui^  Icdnm  with  cam! 
Ejnirface!!,  The  images  are  rringed  by  prismaiic  colourg,  Ii  in  called  Kcbiualll 
Aromalie  aberration  I  and  may  be  cnrrecied  by  mrans  analngaus  lo  rbose  adoplHM 
enrreeiing  tpha-tcai abfralion.  Ii  is  obvinusly  i>r  great  imponnncc  in  all  opiieali*- 
slruinFni:^  f.^r  aiding  or  increa«ring  Ihe  powers  of  vifion  lhal  Itiey  should  ■*  mact  «• 
possible  b«  free  from  these  £atircfi  of  iitipf rfeclion. 
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inches.  If  that  distance  be  increased  or  diminished  (no  change 
ig  produced  in  the  eye),  vision  is  indistinct;  for  when  the  object 
amoved  to  a  greater  distance  from  the  eye,  it  is  obvious  that  the 
18  will  be  moved  forwards,  or  will  fall  short  of  the  retina ;  and 
m  the  object  is  approximated,  the  focus  will  be  moved  backwards 
>eyond  the  retina :  in  both  which  cases  the  same  point  of  the  re- 
i  will  receive  rays  from  several  points  of  the  object.  Hence  it  is, 
twhen  the  eye  is  adapted  to  distinct  vision  at  a  distance  of  ten 
bes,  we  cannot  distinctly  see  objects  at  a  greater  or  less  distance. 
nn  the  cause  of  this,  which  has  been  just  alluded  to,  however,  it 
mdent  that,  provided  the  rays  unite  very  nearly  on  the  retina, 
ioD,  especially  of  large  objects,  may  prove  sufficiently  distinct,  al- 
Qgh  not  perfectly  clear.  Hence  the  distinction  of  Jurin  between 
md  tind  perfect  vision  is  worthy  of  being  borne  in  mind.  Dis- 
stness  of  vision  will  depend  on  the  size  of  objects,  as  well  as  on 
ir distance  from  the  eye;  perfection  of  vision,  on  their  distance 
De. 

riiis  leads  to  the  consideration  of  one  of  the  most  admirable  pro- 
ions  for  the  extended  utility  of  the  organ ;  viz.,  its  capacity  of 
iptation,  under  the  influence  of  the  will,  to  distinct  vision  at  every 
tiuice  beyond  that  of  a  few  inches.  We  have  the  power  of  pro- 
ing  some  change  in  the  eye  by  which  its  focal  length  is  modified 
rait  the  varying  angle  at  which  rays  from  surrounding  objects  fall 
Ml  it  Many  different  explanations  have  been  attempted  of  the 
de  in  which  this  adaptation  is  effected,  of  which  may  be  mentioned 
tof  Jurin,  Rarosden,  and  Home,  that  the  cornea  undergoes  a  change 
ti  curvature,  becoming  more  convex  for  near  objects:  and  that  of 
I  Cartes,  Albinus,  Hunter,  and  Dr.  Young,  who  considered  the 
I  muscular,  and  to  possess  within  itself  the  power  of  changing  its 
rature. 

Hhers,  again,  ascribe  this  power  of  adaptation  to  the  iris,  the  mo- 
•  of  which  might,  as  Knox  supposed,  alter  the  curvature  of  the 
I ;  or,  according  to  Sir  David  Brewster,  cause  the  lens  to  change 
ilace,  and  come  forward  during  contraction  of  the  pupil.  A  change 
be  position  of  the  lens  has  also  been  supposed  to  occur  from  con- 
ttons  in  the  ciliary  processes  or  zonula,  and  many  have  contended 

the  entire  eyeball  may  alter  its  relative  dimensions  by  the  action 
Is  tnuscles. 

:  18  conceivable  that  any  of  these  changes,  could  they  be  proved 
itlly  to  take  place,  might  be  sufficient  to  account  for  the  effect ; 

in  estimating  their  relative  value,  the  greatest  importance  is  to  be 
ehed  to  the  anatomical  evidence  by  which  they  may  be  supported. 
he  eye  of  the  bird,  the  ciliary  muscle,  from  its  position  and  af- 
ments,  must  necessarily  approximate  the  lens  to  the  cornea ;  and 
reasons  for  considering  the  same  part  muscular  in  mammalia,  and 
»,  for  ascribing  to  it  the  same  function  as  in  birds,  have  been  al- 
ly mentioned,  and  appear  to  us  conclusive.  We,  therefore,  on 
omical  grounds  alone,  adopt  this  view,  ably  advocated  by  Por- 
elUy*  conceiving  that,  when  the  eye  is  intent  on  near  objects,  the 

*  Treatise  on  ihe  Eye.    Vol.  i.  p.  446. 


ISNERVATION. 


k  eiliBry  maBc!e  is  contracted,  the  iens  advanced  towards  the  comti, 
Blind  the  latter  membrane,  perliaps,  rendered  more  convex  bj-  At 
I  Iraclion  of  the  muscle  on  its  border  by  means  of  the  cordage  o(  Ihi 
I  |Kisierior  elastic  liimina  ;  while  in. vision  of  remote  objects  the  Ipmij 
P  carried  back  towards  the  retina  by  the  elasticity  of  the  netghbourinj 
I  parts.  It  is  interesting  to  notice  that  this  ailjusiing  faculty  of  ibrrj! 
L  II  greatly  impaired  or  altogether  lost  by  extraction  of  ibe  lens,  orbj 
I  paralyzing  the  ciliary  and  iridia)  muscles  by  bclladonns.  Dr.  Chj 
I  Wallace  considers  that  the  ciliary  muscle  ndvances  the  lens  by  c«- 
I  pressing  the  reins,  and  thus  causing  an  erection  or  leogtbeaing,  ol 
I  the  ciliary  processes. 

It  has  long  been  observed  that  the  pupil  is  very  prone  to  conlnet 

during  near  vision,  and  to  dilate  when  the  organ  is  adapted  tont* 

[  remote  objects ;  and  it  has  been  imagined  that  this  change  i»  lh(  «■ 

[  cessary  condition  of  adaptation,  and  may  affect  Ihe  lens  througlilii 

I   ciliary  body.     In  some  persons,  however,  not  at  all  deficient  in  ttii 

'   adjusting  power,  the  iris  continues  to  oscillate  for  sometime  »fr»rllil 

I    eye  is  adjusted,  without  disturbing  vision;  and  we  have  occaMMiIlT 

I  found  the  pupil  to  remain  dilated,  though  a  near  object  is  being;  etui 

at  and  the  illumination  remains  Ihe  same.     Moreover,  the  artfoii of 

light  on  the  pupil  has  no  effect  on  the  adjustment  of  the  eyv,  iiMt 

We  can  continue  to  see  an  object  distinctly,  whether  it  be  viewril^ 

«  strong  or  by  a  feeble  light. 

I        These  facts  are  sufficient  to  prove  that  the  movements  in  llieifil, 

I   Usually  coincident  with  the  act  of  adjustment,  are  not  the  cause  of  lU 

I   BCt.     They  seem  rather  to  be  of  Ihe  nature  of  associate  mov*m(f», 

I   produced  by  Ihe  close  connection  of  the  iris  wilh  the  riliary  musfif, 

and  by  the  community  of  source  from  which  both  these  derive  ihfii 

[  Biotor  nerves,  viz.,  from  Ihe  third  pair,  Ihrough  the  ophthalmic  gin- 

[  giton.     And  it  is  an  important  circumstance,  that  certain  consemu^ 

movements  of  ihe  eyeballs,  performed  through  the  medium  of  Ihe  tfcinl 

I    pair,  are  lilcewise  associated  with  the  act  of  adjustment.    The  mow- 

.    inenls  of  the  iris  chiefly  minister  to  another  function,  the  reguliiin 

«f  the  quantity  of  admitted  light. 

The  conlraction   of  the  pupil   during  near  vision,  by  obstroctifi* 

more  of  the  circumferenlial  rajs,  answers  Ibe  important  purpowol 

torrecting  the  excessive  aberration  of  sphericity  which  results  ffOffl 

the  greater  divergence  of  the  rays  entering  ibe  eye  from  near  objects, 

Some  persons  have  Ihe  power  of  adjusting  the  eye  to  distinct  TiMcn 

I   >t  different   distances,  either  to   a  very  limited   extent  or  not  It  ill; 

ind  we  observe  two  states  of  vision  connected  with  this  defect,  which 

are  generally  dependent  on  cerlainphysical  condition!)  of  the  lenseof 

L  the  eye:  these  are  shortsightedness,  or  myopia;  and  longBightedoeiti 

I  In  presbyopia. 

f       Mj/apia. — Thus,  we  meet  with  many  persons  who  cannot  distinctlr 

j    see  a  yard  before  them, — who  fail  to   recognize  the  features  of  ibrir 

I    actjiiaiiitances  in  the  street.     In  reading,  they  are  obliged  to  bring 

the  book  close  to  their  eyes:  in  looking  at  an  object  at  atl  distant, 

they  exhibit  a  characteristic  winking  {fvu,  connivo).    Myopia  occurs 

in  adolescence,  and  is  accompanied  with  a  too  great  re&actmg  poner 
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of  the  media,  so  that  the  image  is  formed  anterior  to  the  retina.  In 
ofder,  therefore,  to  throw  back  the  image  on  the  retina,  the  object  is 
brought  very  close  to  the  eye ;  or  the  convergence  of  the  rays  of  light 
may  be  diminished  by  the  use  of  a  concave  Tens. 

It  seems  probable  that  the  state  of  myopia  may  be  acquired  by  the 
babit  of  looking  intently  at  small  and  near  objects,  and  that  the  com- 
mon practice  of  remedying  the  inconvenience  by  the  use  of  concave 
glasses  tends  to  increase  the  defect.  Frequent  exercise  of  the  eyes  on 
remote  objects  has,^  no  doubt,  the  effect  of  making  them  far-sighted. 
It  is  a  common  error  to  say  that  myopia  disappears  naturally  in  ad- 
Tmnced  life. 

Pmhyopia, — Others  again  imperfectly  distinguish  near  objects, 
^Hhilst  they  see  distant  ones  very  plainly,  and  the  distance  at  which 
they  can  see  distinctly  is  sometimes  very  great.  Persons  thus  affected 
cannot  read  small  print  with  the  eyes  unassisted,  and  they  prefer 
boldiog  the  book  at  a  distance.  This  condition  of  vision  is  connected 
with  a  too  flat  cornea,  a  deficient  aqueous  humour,  or  a  flattening  of 
the  lens :  and  it  is  in  a  great  degree  accounted  for  by  the  diminutidn 
in  the  refracting  power  thence  resulting,  so  that  the  focus  is  behind 
the  retina.  It  belongs  to  the  advanced  periods  of  life^  It  may  b^ 
Corrected  by  convex  glasses,  which  increase  the  convergence  of  the 
vays  of  light. 

It  is  manifest  that  neither  of  these  defects  is  dependent  on  the  f^us- 
JHilar  apparatus  of  adjustment,  but  rather  on  the  curves  of  the  refract- 
ing media,  which  throw  the  organ  in  one  direction  or  the  other  beyond 
the  range  of  the  adjusting  power  with  which  it  is  provided.  When 
the  refracting  media  are  optically  corrected,  as  by  the  use  of  glasses, 
die  adjusting  faculty  can  be  exercised. 

In  the  eye,  considered  as  an  optical  instrument,  there  are  other 
powers  besides  those  already  named,  which  serve  to  make  it  more 
perfect,  and  to  place  it  in  favourable  contrast  with  the  most  success- 
hi  creations  of  human  ingenuity. 

One  important  office  of  the  iris  is  to  prevent  the  passage  of  rays 
diroagh  the  circumferential  part  of  the  lens,  and  thus  to  obviate  that 
indistinctness  of  vision  which  would  arise  from  spherical  aberration^ 
or  that  unequal  refraction  which  results  from  the  difference  \ii  the 
iDgle  of  incidence  of  the  several  rays  on  a  curved  surface.  In  this 
respect  it  resembles  the  diaphragms  used  in  optical  instruments.  By 
its  position,  close  to  the  suiface  of  the  principal  lens, — and  behind  or 
within  the  first  one  by  which  the  light  is  converged,  viz.,  the  concavo* 
Convex  one  formed  by  the  cornea  and  aqueous  humour, — it  is  adapted 
Id  admit  the  greatest  quantity  of  light  to  the  lens,  consistently  with 
the  correction  of  the  spherical  aberration. 

The  aberration  of  sphericity  is  further  obviated  by  the  increased 
density  of  the  lens  from  its  surface  towards  its  centre,  so  that  the 
rays  falling  on  its  middle  region  are  made  more  convergent  as  they 
traverse  it,  than  those  passing  near  its  border. 

ChromaHe  aberration^  or  that  which  occasions  a  coloured  image  by 
(be  inequality  of  the  refraction  of  the  elementary  colours  of  white 
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light  by  the  same  mejium,  is  in  some  way  prevented  in  the 
eye,  when  adjusted  to  distinct  vision. 

The  image  formed  by  a  convex  lens  is  slightly  coloured  at  its  mar- 
gin. This  colouring  is  corrected  in  praclice  by  a  compounJ  af^anj;^ 
ment  ol'  lenses  difiering  in  shape  and  dtnsily,  of  which  the  sccmJi 
while  it  continues  the  convergence  of  the  rays  from  their  ofigiul 
course,  re-associates  the  dispersed  colours  and  recomposea  the  lia 
light. 

The  achromatism  of  the  eye  may  be  in  part  due  to  the  ditetsiijol 
shape  and  density  of  the  refractive  media,  which  seem  to  beat  soot 
analogy  to   the  system  forming  ihe  achromatic  object-glass  of  Htf- 
sehel.     This  is  formed  of  a  double  convex  lens  of  crown-gUsf,  «ilt 
surfaces  of  unequal  curvature,  the  more  convex  being  turned  io»>nii      .= 
Ihe  object;  and  of  a  concavo-convex  of  flint-glass,  the  concave 
of  which  receives  Ihe  lens  of  crown-glass,  while  its  convex 
towards  the  eye.     The  cornea  and  aqueous  humour  form  a 
convex  lens  which  dilTers  in  density  from  the  crystalline. 

It  is  possible  that  the  greater  density  of  the  inner  fibre 
may  likewise  share  in  producing  the  eflecC.  But  this  entire  subjrtl 
is  involved  in  much  obscurity,  and  it  is  right  to  add  that  sonievtf) 
high  authorities,  including  Sir  D.  Brewster,  deny  that  the  chiomatic 
aberration  receives  any  correction  in  the  eye  ;  that,  in  fact,  it  eiiili 
in  all  cases,  and  is  imperceptible  only  in  consequence  of  itsb«ing» 
slight.  It  may  be  observed  that  when  Ihe  eye  is  not  adjusted  loiiis- 
tinct  vision,  a  coloured  fringe  is  seen  around  objects.  If  the  ejtlit 
fatigued  and  incapable  of  adjustment,  or  if  helladoana  be  used.tlin 
colours  are  seen. 

The  rays  of  light  which  have  now  .been  traced  to  the  retina,  il* 
though  they  come  to  a  focus  in  that  membrane,  yet  can  scami], 
from  its  extremely  thin  and  transparent  nature,  be  said  to  forma 
image  upon  it.     The  image,  however,  which  becomes  visible  in  lit 
experiment  on  a  dead  eye,  though  partly  due  to  the  opacity  thcl^ 
tina  acquires  soon  after  death,  is  yet  an  evidence  that  this  roenbrut 
does  not  give  passage  to  Ihe  light,  like  transparent  glass,  ortbtbu- 
mours,  but  rather  like  ground  glass,  dispersing  and   reflecting  soot 
portion,  as  indeed  its  peculiar  texture  must  dispose   it  to  do,    Tbt 
pink  colour  of  the  pupil  in  albinos  shows  the  reflection  that  occunin 
those  cases  from  the  vascular  choroid  and  retina;  and  Mr.  CumiuiDg 
has  recently  pointed  out  that  in  ihe  eyes  of  all  persons,  where  tbt 
pupil  is  tolerably  large,  a  very  decided  reflection  from  the  bollonal 
the  eye  may  be  observed  under  favourable  circumstances.     To  m»ii{ 
it  apparent  he  places  the  individual  at  a  distance  of  ten  feel  froni  1 
single  gas-light  or  lamp,  and  directing  him  to  look  a  little  on  one  utlt, 
a  strong  glare  becomes  visible  to  any  one  standing  almost  directly  be- 
tween him  and  Ihe  light.     In  some  persons  this  glare  is  exceedmti'j 
brilliant,  like  that  from  burnished  brass;  in  others  it  is  fainter.     Tbii 
reflection  can  hardly  he  regarded  as  important  in  a  physiological  poiat 
of  view.    It  probably  proceeds  from  the  hyaloid  membrane,  the  relini, 
and  from  the  choroid  also,  but  from  the  latter  more  or  lesa  according 
to  the  amount  of  pigment  present  in  the  particular  instance.     It  a 
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narkable  that  these  reflections  do  not  interfere  with  the  perfection 
the  sense,  do  not  derange  the  integrity  of  the  impression  resulting 
im  the  first  passage  of  the  rays.  Corresponding  but  more  vivid  re- 
ctions  from  the  iapetum  lucidum  in  certain  animals  serve  a  useful 
'fp<>se,  by  giving  an  additional  stimulus  to  the  retina,  where  but  a 
tbie  light  is  admitted  to  the  organ. 

ExcUabiiUy  of  the  retina^  and  of  the  allied  nervous  parts. — When 
e  retina  is  stimulated,  we  have  the  sensation  of  light,  whatever 
ay  be  the  nature  of  the  stimulus  applied.  Pressure,  for  instance, 
Bue  on  the  side  of  the  eye  in  the  dark,  gives  rise  to  the  sensation 
*  a  spot  of  light,  the  situation  and  size  of  which  will  be  determined 
f  those  of  the  point  of  the  retina  touched.  The  same  is  true  of  the 
Xie  nerve,  and  of  certain  parts  of  the  encephalon  with  which  the 
mre  is  connected.  The  sensation  of  light,  then,  consists  in  a  recog- 
ition  by  the  mind  of  a  certain  condition  or  affection  of  these  nervous 
iftSy  and  this  condition  may  be  induced  by  the  application  of  any  of 
tt  ordinary  stimuli  of  nerves.  The  retina,  however,  is  capable  of 
uog  affected  in  this  way  by  the  luminous  rays;  and  perhaps  this 
ipacity  is  dependent  on  the  peculiar  manner  in  which  the  nervous 
atter  is  spread  out  in  this  part.  However  that  may  be,  the  light 
icident  on  the  retina  is  the  only  stimulus  which  can  naturally  affect 
;  and  the  other  parts,  endowed  with  the  same  kind  of  excitability, 
la,  in  the  natural  state,  be  stimulated  only  in  a  secondary  manner, 

I  though  by  induction  through  the  retina.  It  is  certain  that  the 
legrity  of  these  other  parts  is  essential  to  vision,  and  it  may  there- 
re  be  concluded  that  during  vision  they  are  all,  immediately  or 
ediately,  in  a  state  of  excitation. 

The  retina  is  not  affected  sufficiently  for  the  purposes  of  vision  by 
rery  faint  light;  and,  on  the  other  hand,  a  very  strong  light,  espe- 
illj  if  long  applied,  will  produce  effects  analogous  to  those  resulting 
MB  an  inordinate  stimulus  to  other  organs:  the  blood-vessels  of  the 
;ina  will  become  unduly  injected,  its  nutrition  disordered,  and  even 
texture  destroyed.  But  the  retina  exhibits  a  considerable  power 
•ecommodation  to  different  amounts  of  light,  and  thereby  the  utility 
the  organ  is  much  enhanced,  as  well  as  its  safety  provided  for. 
ker  a  short  stay  in  the  dark,  objects  disclose  themselves,  which  at 
It  were  imperceptible;  and,  on  the  other  hand,  a  light  which  was 
first  too  bright,  becomes  agreeable  by  use.  This  adaptability  is 
ile  independent  of  the  iris,  and  has  its  analogue  in  the  case  of 
ery  nerve  of  ^ense. 

The  trif,  however,  by  its  contractile  power,  is  a  most  important 
ent  in  protecting  the  retina  from  the  effects  of  sudden  transitions 
nn  dark  to  light;  and  in  thus  co-operating  for  the  maintenance  of 
nost  essential  quality,  excitability,  the  iris  is  seconded  by  the  eye- 
b  and  brows.  The  iris  contracts  under  a  strong  light,  by  virtue  of 
fi  stimulus  imparted  to  the  retina;  for  if  this  or  the  optic  nerve  be 
ttroyed  or  paralyzed,  as  in  amaurosis,  the  iris  no  longer  contracts. 
is  interesting,  however,  to  notice  that  the  iris  of  the  unsound  e^e 

II  often  contract  in  company  with  its  fellow,  when  the  opposite 
and  retina  is  stimulated.     The  motion  is  therefore  evidently  caused 
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by  a  reflexinn  of  Ihe  stimulus  from  t!ie  optic  nerve,  tbrotigb  tl 
ous  centre  along  Ihe  inferior  branch  of  the  third  pair  to  the  iris,  toil 
the  consensual  action  of  the  two  sides  is  effected  in  the  nntmj 
centre.  Mechanical  irritaiion  of  the  ciliary  ner?es,  or  tbiri!  piir, 
occasions  contraction  of  the  pupil  on  the  same  side.  The  orbiculirit 
palpebrarmn  and  corrtigator  supercilii  likewise  contract  under  »  jm*- 
erful  glare,  in  obedience  to  a  stimulus  retiecled  through  Ibe  optic 
jitrve,  and  quile  independently  of  the  will.  This  is  well  exemplifini 
in  children  affected  with  strumous  ophthalmia,  in  whom  the  eici* 
biliiy  of  the  retina  is  highly  exalted. 

The  pigmenlflvm  nigrvm  is  a  permanent  shield  to  Ihe  retina,  »b»<iA- 
ing  the  light  which  falls  upon  it,  and  remaining  the  same  under  ijl 
degrees  of  illumination.  The  excitability  of  the  retina  in  erraium 
usually  exposed  to  Ihe  full  light  of  day,  requires  this  additional  pro'K- 
tion  ;  and  where  it  is  deficient,  as  in  albinos,  an  ordinary  light  becomet 
painful,  and  the  movable  protecting  parts  are  habitually  broughl  in'o 
increased  use.  In  animals  of  nocturnal  habits,  furnished  wiib  i  tapfr 
tum  lucidum,  the  excitability  of  the  retina  is  probably  scfflrtW 
modified,  and  Ihe  iris  also  is  generally  larger,  and  capable  of  n 
ampler  range  of  motion. 

Duration   of  impressions  on  the  retina. — We  continue  to  «*e  B 

object  after  the  rays  of  light  emerging  from  it  have  ceased  to  f»ll  Bpon 

the  retina,  and  Ihis  for  a  period  proportioned  to  Ihe  inlensity  mi! 

duration  of  the  impression  they  have  left.     The  familiar  experimtfit 

of  twirling  a  lighted  slick,  so  as  lo  see  a  luminous  circle,  shorn  tbtt 

I  the  impression  made  by  it,  when  at  any  one  point  of  space,  remiiu 

T  on  Ihe  retina  uutil  it  reaches  that  point  again.      By  ascertaining  tiM 

Speed  necessary  for  completing  a  luminous  circle  of  a  certain  sii(« 

can  estimate  the  duration  of  the  impression;  and  by  augmentingot 

diminishing  ihe  brilliancy  of  the  ignited  point  its  duration  is  fntmd 

to  be  affecled.     A  momentary  impression  of  moderate  intensity  mb* 

tinues  for  a  fraction  (according  to  D'Arcy,  about  an  eighth  part)  of  I 

second.     But  if  the  impression  be  made  for  a  considerable  tifMH 

any  one  point  of  Ihe  retina,  it  endures  for  a  longer  period  aftww 

object  is  removed.     It  is  owing  to  ihis  relenlive  power  of  the  reliM, 

i  diat  the  rapid  and  involunlary  act  of  winking  does  not  interfere  viik 

I  OontinuouB  vision  of  surrounding  objects. 

■   Appearances  of  objects  remaining  after  the  removal  of  the  objw^ 

I  ftemselves  from  the  field  of  vision,  come  under  the  head  of  o<^ 

I  mectra.     In  figure  they  correspond  to  the  image  the  object  has  thm" 

I  on  Ihe  retina,  but  they  are  of  the  complementary  colour  lo  that  ofibt 

object.     Thus,  the  spectrum  left  by  a  red  spot  is  green ;  by  a  tiotrt 

ipot,  yellow ;  by  a  blue  spot,  orange ;  and  these  colours  of  the  sperlr* 

•re  particularly  obvious  when  the  eye  is  directed  towards  a  while 

I  ground.     It  is  further  remarkable,  that  after  long  gazing  on  a  tmT 

[  bright  light,  as  the  sun's  disc,  Ihe  remaining  spectrum,  if  viewed  os 

I  •  while  surface,  assumes  the  different  colours  in  succession,  fh!B 

black,  through  blue,  green,  and  yellow,  lo  white:   if  viewed  on* 

black  surface,  the  order  of  the  succession  is  reversed.   These  sevefil 

phenomena  can  only  be  referred  to  pariiculer  slates  or  modes  of  eici- 
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ition  of  the  retina,  by  means  of  which  alone  it  is  that  the  differences 
Fthe  component  colours  of  white  light  are  made  evident  to  our  per- 
eptiye  powers. 

It  appears  by  a  simple  experiment,  for  the  principle  of  which  we 
re  indebted  to  Mariotte,  that  the  small  portion  of  the  retina  corre- 
^ding  to  the  entrance  of  the  optic  nerve,  is  incapable  of  exciting 
uual  sensation  though  it  receive  the  image  of  an  object.  Place  the 
bombs  together  at  arm's  length,  shut  the  left  eye  and  fix  the  right 

Se  steadily  on  the  left  thumb ;  then  the  right  thumb,  if  moved  gradu- 
y  outwards  (so  that  its  image  on  the  retina  of  course  traverses 
awards),  ceases  to  be  visible  in  a  particular  spot,  but  is  again  seen 
icyond  it.  It  will  be  remembered  that  the  fibrous  lamina  of  the  gray 
icrvous  layer  of  the  retina  is  here  evolving  itself  from  the  nerve,  and 
wmoiyet  invested  frith  the  vesicular  or  other  lamina;  a  circumstance 
4  great  interest  in  regard  to  the  modus  operandi  of  the  constituents 
»f  the  retina  in  vision. 

It  has  indeed  been  denied  by  an  eminent  physiologist,  that  the 
ttina  is  insensible  to  light  at  this  point,  on  the  ground  that,  if  such 
vera  the  case,  we  should  see  a  dark  spot  in  our  field  of  view  when- 
ver  we  use  only  one  eye.  To  produce  the  physical  sensation  of 
larkness,  however,  the  retina  seems  as  necessary  as  the  nerves  of 
fdinary  feeling  are  to  the  production  of  the  physical  sensation  of 
old.  Both  sensations  are  occasioned  by  the  absence  of  the  respective 
timnlus,  but  the  specially  endowed  nerve  is  as  essential  to  acquaint 

•  with  the  absence  as  with  the  presence  of  the  stimulus.  What 
lariotte's  experiment  proves  is  simply  that  over  that  spot  no  nervous 
Mtter,  having  the  peculiar  power  of  excitability  by  light,  exists;  and 
I  ftr  as  the  faculty  of  seeing  with  that  spot  is  concerned,  it  is  as 
loogh  the  piece  of  retina  had  been  punched  out.     We  no  more  see 

dark  iipot  corresponding  to  it,  when  we  look  with  one  eye,  than 
'e  see  everything  dark  behind  us — where  there  is  no  nervous  expan- 
on  visually  endowed.  For,  in  strict  language,  a  distinction  must 
a  drawn  between  the  sensation  of  darkness  and  the  absence  of  the 
nsation  of  light. 

This  incapacity  of  vision  at  the  entrance  of  the  optic  nerve,  seems 
»  be  essential  to  the  mode  of  junction  of  the  retina  with  the  nerve, 
nee  it  appears  to  have  beeh  the  chief  reason  why  the  nerve  was  not 
lade  to  enter  in  the  axis  of  the  eye.  If  the  blind  spot  had  been 
taated  In  the  axis,  a  blank  space  would  have  always  existed  in  the 
mtre  of  the  field  of  vision,  since  the  axes  of  the  eyes,  in  vision,  are 
mAe  to  correspond.  But,  as  it  is,  the  blind  spots  do  not  correspond 
hen  the  eyes  are  directed  to  the  same  object;  and  hence  the  blank, 
Uch  one  eye  would  present,  is  filled  up  by  the  opposite  one. 

Though  no  other  part  of  the  retina  is  insusceptible  of  luminous 
npressions,  yet  there  is  p^ood  reason  to  suppose  that  the  hinder  part 
r  it  is  much  more  capable  of  appreciating  them  than  the  anterior. 
iThen  using  one  eye  only,  we  naturally  direct  it  towards  the  object 
e  wish  to  inspect,  and  in  that  way  throw  the  image  to  the  bottom 
'the  globe.     When  the  eye  is  thus  fixed,  objects  near  the  boundary 

*  the  field  of  vision  are  less  distinctly  seen  than  those  at  its  centre. 
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The  poslerior  part  of  ihe  relins,  loo,  is  the  best  aOnpled  lore 
correct  iioages  through  the  dinptric  raeilia,  and  we  finil  its  g(«y  ntff- 
ous  layer  becoming  thinner  nnd  thinner  townrds  its  anterior  bnnlfr. 
It  is  probable  that  the  mns\  nnterior  part  of  the  retina  is  oeftrunl 
in  vision,  since  it  cad  scarcely  receiFc  rays  directly  from  ihc  tna. 
Dr.  Young,  by  fixing  the  eye  in  (he  most  natural  direclinn,  viz.,lDf 
wards  and  a  little  downwards,  and  by  then  moving  before  it  a  lumirKKii 
object,  in  various  directions  until  it  passed  beyond  the  range  of  riatnt, 
ascertained  the  range  upwards  lo  be  50°;  downwards,  70";  inwudi, 
60°;  and  outwards,  90*^:  the  extent  in  each  direction  being limiitJ 
by  the  coatigiioits  paris  of  Ihe  face.  An  object,  thereforp.  occuppng 
only  an  angle  of  1-^0°,  bolh  in  the  vertical  and  borizonial  illreciiaa, 
und  suitably  placed,  would  about  till  the  field  of  vision  of  a  singlt 
eye,  when  the  organ  was  Gxed  as  above  described.  Now,  it  anjit 
proved  that  no  part  oT  the  image  of  such  an  object  would  fllluib 
anterior  part  of  the  retina. 

Perhaps  it  is  only  in,  or  very  near,  Ihe  axis  of  vl^on,  tbit  V^ 
(:aii  be  said  to  be  perfect.  The  existence  of  the  yellow  spot  of  Sii>> 
I  nerring  at  that  point  continues  a  riddle  which  the  most  allreiiti 
[<  cxaiuiaalioi]  of  its  anatomy  has  not  yet  solved.  And  from  the  uhvKt 
I  9f  this  spot  in  almost  all  Ihc  lower  animals,  we  are  led  to  duubl  in 
[  ipiporlance  to  perfect  vision. 

,  To  the  perfect  exercise  of  vision,  as  of  all  the  niher  senws,u 
I  fSbrt  of  altention  is  necessary  ;  and  this  ellbrt  is  naturally  accominiitil 
[  with  a  motion  of  the  eyeball  towards  the  oliject,  so  thai  Ihe  inaff 
t  may  be  thrown  upon  the  central  part  of  the  retina,     Tlie  ningt  nl 
I  potion  of  the  eyeball  Dr.  Young  calculated  at  bo"^  in  every  directJNi; 
I  10  that,  the  head  being  fixed,  a  single  eye  may  have  perfect  viaionof 
I  any  point  within  a  range  of  110°.     This  field  is  further  widenrilhf 
I  the  use  of  the  opposite  organ,  but  beyond  this  an  increased  latff  ii 
I  only  to  be  acquired  by  movements  of  the  entire  head. 
I   I    The  internal,  or  ^r»y  nervous  layer  of  the  retina  seems  to  belbl 
I  essential  part  on  which  Ihe  power  of  the  retina  in  Ihe  process  of  ri«H 
[  depends.     That  layer  is  an  unbroken  ihect,  continuous  by  its  Gbnu 
I  ioternal  surface  with  the  axes  of  the  tubules  of  the  opiic  nerve, nd 
I  baving  its  external  surfiice  formed  by  a  structure  simitar  lo  thai  of  I^ 
r^neritious  substance  of  ihe  cerebral  hemispheres.     Its  permeaiinti  \ij 
I  a  close  network  of  capillaries  assimilates  it  slill  furlher  lo  Ihegn; 
[  jurvous  matter;  for  which  reasons  it  may  be  considered  as  a  poninn 
of  the  cerebrum  advanced  towards  the  surface  of  the  bodyinit* 
I  luitahle  relation  In  a  dinptric  apparatus  for  Ihe  reception  of  nysnf 
I  light  frora  external  objects.     The  opiic  nerve  may  be  regarded  »?• 
commissure  between  the  gray  nervous  sheet  within  Ihe  scleroiie,  aaJ 
tfie  gray  nervous  matter  of  cerliiin  parts  of  the  ctrebrum.      We  birt 
I    1^  more  reason  to  deny  the  iminediale  connection  of  the  sensoriuis 
[  with  ilitj  retina,  than  its  immediate  connection  with  any  small  porliM 
I  ^f  the  cerebral  convolutions,  duly  united  with  the  rest.     The  naiiK 
oS  the  connections  between  the  retina  and  Ihe   brain,  and  the  |iht- 
noniena  to  which  their  disruption  gives  rise,  have  been  tb«  occAsina 
of  many  interesting  speculations  regarding  the  mode  in  which  Ihe 
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ind  is  reached,  or,  in  other  words,  as  to  how  an  impression  on  the 
•tina  becomes  a  sensation  to  the  mind.  But  we  shall  probably  be 
itappointed  if  we  imagine  that  any  facts  which  have  been  or  may 
ft  hereafter  ascertained,  are  capable  of  leading  to  the  solution  of  a 
poblem  too  inscrutable  for  our  limited  powers. 

It  is  a  matter  of  considerable  interest,  as  regards  the  mode  of  action 
r  the  retina  in  vision,  to  determine  how  distant  the  images  of  two 
oiDta  OQ  the  retina  must  be,  to  be  seen  distinctly  as  two ;  in  other 
'ords,  how  small  a  portion  of  the  retina  is  capable  of  independent 
*Mation.  As  the  result  of  many  experiments  and  calculations  by 
nitb,  Harris,  and  others,  this  may  be  stated  as  probably  about  jifzv 
FtB  inch,  so  that  the  objects  must  subtend  an  angle  of  at  least  40". 
'wo  points  within  an  angle  of  that  size  would  appear  as  one.     It  is 

question  somewhat  difierent,  what  is  the  smallest  portion  of  the 
Ptina  capable  of  sensation ;  and  undoubtedly  an  object  whose  sides 
abtend  an  angle  very  much  smaller  than  the  preceding  may  be 
isible,  if  sufficiently  bright.  But  this  circumstance  of  quantity  of 
ght  introduces  a  difficulty  into  the  inquiry,  since  even  a  mathemati* 
it  point,  if  sufficiently  brilliant  and  out  of  focus,  might  become 
inble  by  its  circle  of  aberration  on  the  retina ;  although,  if  its  rays 
let  in  the  retina,  it  would  be  invisible.  But,  in  carrying  our  specu- 
itioDS  thus  far,  we  must  cease  to  regard  the  retina  as  a  mathematical 
lane,  and  remember  that  it  has  a  certain  thickness,  in  traversing 
rhich  the  rays  would  necessarily  cover  more  than  a  point,  either  in 
oot  of  or  behind  the  exact  focus.  It  is  obvious  that  a  linear  object 
iMild  be  more  perceptible  than  a  point,  and  a  moving  object  more 
>  than  a  stationary  one,  in  consequence  of  wider  and  more  distant 
ortioDS  of  the  retina  being  affected  in  both  cases. 

The  apparent  truthfulness  of  a  view,  recently  put  forward  on  high 
itbority  in  Germany,  and  copied  into  several  works  in  this  country, 
■kes  it  necessary  to  explain  here  that  the  rod-like  particles  of  Jacob's 
embrane,  though  corresponding  nearly  in  size  with  the  points  of  the 
(ina  capable  of  independent  sensation,  yet  beins  on  the  choroidal 
irface,  and  separated  from  the  gray  nervous  layer  by  the  intervening 
anules,  can  scarcely  have  a  share  in  determining  the  size  of  the 
dependent  visual  points.  The  unfortunate  error  which  placed  these 
ds  as  papillee  on  the  hploid  surface  of  the  retina,  was  too  tempting 
eround  of  theory  not  to  be  readily  admitted  as  true,  without  scru* 
ilous  examination ;  and  the  price  to  be  paid  will  probably  be  some 
>gree  of  discredit  thrown  on  minute  anatomical  research. 

Correct  Vision  with  an  inverted  Image. —  Visual  idea  of  Direction, — 
be  image  on  the  retina  being  the  reverse  of  the  picture  of  external 
ijects  seen  by  the  mind,  it  is  manifest  that  in  some  way  or  other  the 
Tension  is  counteracted  ere  the  impression  becomes  a  sensation.    It 

conceivable  that  this  correction  may  take  place  in  the  optic  nerve 
'  brain,  but  it  is  far  more  probable  that  it  occurs  in  the  retina.     It 

certain  that  we  do  not  see  the  ima^e  as  it  exists  on  the  retina,  or 
I  inversion  would  not  have  remainea  so  long  unknown ;  we  rather 
e  out  of  or  from  the  retina.  The  simple  experiment  of  pressing 
ith  the  finger  on  the  retina  through  the  ocular  tunics,  and  thus 
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I  riiciting  a  luminous  appearance  on  the  oppo»te  s^e^e^Mt^m 
ft'ttat  the  apparent  projectioa  of  a  luminosity  in  a  direction  |)erp^t»- 
K'd4GuIar  to  the  point  siimulateil,  Is  a  necessary  part  of  the  excllatiiliij 
v^ff  the  retina.  If  this  be  granted  as  an  ultimate  fact,  it  will  expliu 
ftiwhy  an  inverted  image,  formed  on  a  concave  retina,  shows  obJMi 
win  the  same  position  as  they  are  shown  by  ibe  other  senses  vbtcli 
Ivceive  direct  impressions  from  them,  particularly  touch. 
I  It  has  been  supposed  by  Miiller  and  Vollkmann,  Ifaat  objtcliJo 
Pfeally  appear  inverted;  but  they  argue  that,  as  long  as  all  do  so,eT(i 
I  -risible  parts  of  our  own  bodies,  there  is  nu  need  of  a  correction.  But 
■  'Ihis  will  not  explain  the  perfect  harmony  existing  between  imprO' 
^l^lons  conveyed  through  the  senses  of  hearing  and  touch,  with  llroie 
i'^Cnved  from  sight.  Sounds  are  appreciated,  and  tactile  impretunoi 
I  are  felt,  as  proceeding  from  a  particular  direclinn  as  regards  t)ieW| 
r^r-our  several  organs  are  conceived  as  existing  in  a  particular  nUtin 
r  position,  altogether  independently  of  vision — and  vision  ucoidi 
I  Entirely,  and  at  once,  with  these  senses  in  the  delerminatian  i( 
I  locality,  without  the  necessity  of  an  education  of  the  sense,  lucbu 
f  a  reversed  impression  on  the  mind  through  the  eye  would  rei)uiK. 
I  Were  the  eye  and  the  whole  body  fixed,  we  should  still  bim 
\  knowledge  of  the  relative  position  of  visible  objects,  and  of  couiwof 
L  tfae  direction  in  which  each  point  of  their  surface  was  placed,  utc 
W  sards  the  organ  of  sense;  and  as  rays  coming  from  objects  in  ibenM 
I  qireclion  as  regards  Ibe   body,  would  then  always  fail  on  theniK 

Evl  of  the  retina,  we  might  conclude  that  each  part  of  that  membrue 
itd  the  power  of  conveying  the  notion  of  position  in  one  (iireclim 
I  qnly  as  regards  the  body.  But  the  eye  being  a  very  movable  orgio, 
k  We  are  enabled  to  make  the  image  of  a  stationary  object  travel  n^ 
I  <cessively  over  a  large  tract  of  ibe  retina  without  the  object  appeiring 
f  to  move ;  since  we  are  conscious,  through  tbe  muscular  sense,  of  ibt 
I  notion  in  ourown  eye.  The  visual  idea  of  direction  in  regard  la  tbt 
I  body,  therefore,  does  not  depend  on  the  image  falling  on  a  particnlil 
f  point  of  the  retina,  but  in  a  great  measure  on  tbe  muscular  senw.ia 
I  oonjunclion  with  that  quality  of  the  excitability  of  the  retina  ttnulf 
I'  tpoken  of. 

I  It  is  proper  also  to  mention  that  the  limits  of  the  field  of  v'aM, 
I  jbrmed  by  certain  parts  of  the  face,  are  a  standard  to  which  tlie  tniad 
I  refers  in  estimating  the  position  of  visible  objects.  The  outline  ollhl 
I  field  remains  the  same,  through  all  movements  of  the  eye.  Tli« 
f  motions  of  the  hea<l  or  body  can  alone  bring  new  objects  into  llit 
I  field ;  and  the  muscular  sense  thus  still  further  contributes  to  enliM" 
W  ^e  usefulness  of  the  sense  of  vision. 

I  Visual  Perception  of  Shape  and  Size. — If  an  object  form  a  Iwp 
I  ieaage  on  the  retina,  and  of  a  square  figure,  we  conceive  it  at  on« 
I  to  be  large  and  square ;  and  of  this  no  otlier  explanaiioii  can  he  eives 
f  than  that  the  visual  points  making  up  the  surface  of  the  retina  bttt, 
I  as  regards  space,  a  relation  to  one  another,  of  which  the  mind  isin- 
'  tnilively  cognizant  in  framing  its  ideas  from  visual  impressions.  Bat 
'  the  size  of  an  image,  relatively  to  the  whole  retina,  will  vary  vm 
the  distance  of  tbe  object;  and  the  conception  of  its  real  dimeasiou 
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Id  be  erroneous,  were  it  not  that  the  impression  were  corrected 
be  muscular  sense  engaged  in  the  adjustment  of  the  eye  to  dis- 
e,  and  by  the  lessons  of  experience.  When  a  person,  blind  by 
met  from  infancy,  is  couched,  he  concludes  that  the  diversified 
ils  of  the  scene  presented  to  him  are  at  an  uniform  distance,  as 
picture ;  and  a  species  of  education  can  alone  undeceive  him. 
learns,  through  touch,  that  all  objects  are  not  equally  near  to  him, 
gradually  familiarizes  himself  with  the  changes  in  their  apparent 
,  distinctness  and  colours,  produced  by  the  movements  of  his 
le  body  with  regard  to  them.  The  adjusting  faculty  is  an  addi- 
il  source  of  correct  knowledge. 

vmal  Perception  of  Motion  in  Objects. — When  an  object  moves 
direct  line,  to  or  from  the  eye,  its  motion  is  inferred  chiefly  by 
change  efiected  in  the  size  of  its  image  on  the  retina,  as  when  a 
iDOtive  engine,  at  full  speed,  approaches  the  observer.  When 
object  moves  in  an  arc,  of  which  the  eye  is  the  centre,  its  mo- 
if  known,  if  the  eye  be  fixed,  simply  by  the  movement  of  its 
p  across  the  retina.  But  most  motions  occurring  around  us  are 
irn  in  both  these  ways.  When,  too,  the  attention  is  excited  to 
moving  object,  the  eye  is  naturallv  moved  in  concert  with  it, 
rder  to  keep  its  image  near  the  axis  of  the  organ  where  vision 
ost  perfect.  Our  appreciation  of  the  direction  and  velocity  of 
motion  is  thus  heightened  by  the  exercise  of  the  muscular  sense. 
tMeness  of  the  Organ  of  Vision, — The  preceding  account  has 
I  almost  confined  to  the  phenomena  of  vi^on  with  a  single  eye ; 
mains  to  be  explained  how  the  doubleness  of  the  organ  ]|ffects  the 

I  some  animals  the  eyes  are  so  placed  as  to  look  in  different  di- 
1008,  and  in  these  the  images  formed  are,  doubtless,  independ- 
f  recognized  by  the  animal,  just  as  are  those  thrown;OB  different 
I  of  the  retina  of  a  single  eye  in  ourselves.  But  where  the  eyes 
boA  directed  the  same  way,  it  is  manifest  that  a  domit  image  of 
I  object  must  be  receiTed,  and  that  the  singlenedjdpf  the  result- 
sensation  must  depend  either  on  our  noticing  only  one  of  these 
get,  or  else  on  our  forming  a  single  conception  frofn  both  conjoint- 
It  is  easy  to  prove  that  the  latter  is  generally  tfecase,  although 
lometimes  derive  our  information  from  the  aSpp)Zir^  only  one 
• 

"be  eyes  are  moved  in  concert  by  the  muscles  attached  to  them, 
liat  their  axes  always  converge  towards  the  object  to  which  they 
adjusted.  The  consequence  of  this  is,  that  the  corresponding 
its  of  the  two  images  are  made  to  occupy  corresponding  points  of 
two  retinae,  or  very  nearly  so,  and  single  vision  is  produced.  If 
two  images  are  unsymmetrically  placed  on  the  retinse,  as  where 
optic  axes  do  not  converge  to  the  object,  a  double  sensation  is 
led.  Thus,  in  squinting,  two  impressions  are  excited,  unless,  by 
;  habit,  one  eye  ceases  to  be  adjusted  and  employed,  and  gradually 
I  its  excitability:  but  when  two  similar  objects  are  presented  to 
eyes  of  a  squinting  person,  one  carefully  in  the  axis  of  each,  their 
{es  coincide  and  they  are  seen  as  one.    The  double  vision  of 
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drunkenness,  and  of  certain  cerebral  aSectioii!), is  eirplicaWe  psifl)*** I 
the  same  ground,  but  in  such  CHses  considerable  altownnce  tnostlc- 
maile  for  ihe  disordered  slate  of  the  sensorium.  Again,  if  rorre«pond- 
ing  points  of  the  two  reiina".  are  pressed  by  the  finger,  a  sin^lf  luni- 
nosily  is  perceived  ;  but  a  double  one,  if  the  points  touched  trcDn- 
Bymnielrical.  Something  similar  to  this  blending  of  two  im[»e«uun 
in  one  sensation  exists  in  the  sense  of  hearing,  and,  perhaps,  elmii 
taste  and  smell. 

The  corresponding  points  of  the  two  retinte  are  snch  as  voolil  It 
in  contact,  if  the  two  retinre  were  adapted  to  one  another:  (heiqipff 
and  lower  parts  correspond  with  the  upper  and  lower,  and  iheiaw 
side  of  one  wilh  the  outer  side  of  the  other. 

As  we  are  entirely  ignorant  of  the  mode  in  which  the  mind  tsln 
cognizance  of  a  single  impression  on  an  organ  of  sense,  wecanwl 
hope  to  understand  how  a  single  sensation  can  result  from  8  dmiMs 
impression.  But  it  is  most  interesting  to  remark  a  structnril  peit- 
liarity  in  the  course  of  the  optic  nerves,  which  certainly  alliej  itiel! 
wilh  this  wonderful  part  of  their  function.  Their  partial  decuswum 
in  the  chiasma,  or  commissure,  connects  each  retina  with  bolfcopw 
tracts,  and  with  the  corresponding  portions  of  the  cerebrum ;  and  il 
is  not  improbable,  as  Dr.  Wollaston  conceived,  and  Mr.  Mm  t" 
described,  that  the  right  side  of  both  retinee  is  continuous  wiilitl* 
right  optic  tract,  and  the  left  side  of  both  wilh  the  left.  Tbiswwll 
place  each  side  of  the  central  apparatus  in  connection  wHh  its  m 
side  of  both  the  symmetrical  images,  and  might  be  supposed  to  i»™ 
their  conception  as  one.  Dr.  Wollaston  relates,  that  on  diffem'* 
casions  he  lost  the  power  of  seeing  one  half  of  an  object  to  which  b* 
directed  both  eyes;  and  others  have  experienced  similar  tempoifT 
attacks.  Thus,  Abernethy  would  humorously  affirm  that  he  wuU 
sometimes  see  only  his  ne  and  My,  having  lost  Ihe  other  membeisnf 
his  name.  Such  phenomena  are  readily  explained  by  suppnsinK  lliE 
anatomical  arrangement  of  ihe  sides  of  the  retina,  wilh  regard  loft* 
optic  tracts,  to  be  such  as  above  described,  since  any  derangeorttrf 
one  optic  tract  would  then  affect  the  same  part  of  both  optic  iai«|^ 
Indeed,  in  Dr.  Wollaslon's  own  case,  a  tumour  was  found  in»otfinj 
one  of  Ihe  optic  tracts,  as  had  himself  inferred  from  the  phenoEnnoa 
above  menlidnedv^ 

What  we  have  before  advanced,  however,  regarding  the  unbrolKi 
sheet  of  gray  nervous  mailer  in  the  reiina,  leads  ns  to  attach  tv« 
more  imporlance  to  the  commissural  fibres  which  appear  to  connKt 
the  two  retiniP  together,  through  the  medium  of  Ihe  chiasmi,  U'' 
independently  of  parts  behind  it.  We  conceive  that  these  comoi^ 
sural  fibres  may  connect  corresponding  parts  of  Ihe  retina,  mueh  in 
the  same  way  as  corresponding  parls  of  Ihe  cerebral  convolutions i^ 
the  opposite  hemispheres  are  linked  together  by  the  corpus  calloso™ 
or  other  commissures;  and  that  the  unity  of  action  of  the  donli't 
organ  may  depend,  as  to  its  physical  cause,  on  the  same  prineipit  "> 
both. 

This  capacity  of  forming  a  single  conception  from  a  double  imprt"" 
sion  may  appear,  at  first  sight,  to  be  given  simply  to   obviate  can- 
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nsioD ;  but  Mr.  Wheatstone  has  most  ingeniously  shown  that  it  con- 
tna  new  power  on  the  sense,  viz.,  that  of  appreciating  forms  pro- 
ccted  in  relief. 

Such  objects,  if  sufficiently  near  the  eyes  for  the  optic  axes  to 
Mmverge  in  viewing  them,  are  seen  from  two  difierent  directions : 
bey  are  represented  on  each  retina  by  a  different  perspective  pro- 
icenon;  and  the  more  so,  the  nearer  the  object  to  the  observer. 

Hr.  Wheatstone  has  shown  that  the  single  sensation  excited  by 
ihese  two  images  is  that  of  a  third  image  different  from  them  both, 
but  excitable  only  by  both  of  them  at  once,  and  attended  with  the 
BOtioD  of  solidity,  or  projection  in  relief.  He  has  illustrated  this  by 
IB  instrument  which  he  terms  the  stereoscope.  Some  object  of  three 
diffleasions  (as  a  cube)  is  represented  in  two  drawings  as  it  would  be 
neo  at  a  small  distance  by  each  of  the  two  eyes.  These  drawings 
IR  then  placed  symmetrically  in  the  right  and  left  compartments  of  a 
null  box,  so  as  to  be  reflected  by  sloping  mirrors  to  the  eyes  of  the 
obienrer,  each  view  to  its  corresponding  eye.  When  he  looks  at 
Cidk  separately,  it  seems  a  mere  drawing  on  a  flat  surface;  but  when 
k  regards  both  views  at  once,  they  appear  to  coalesce,  and  a  solid 
pmnment  figure  seems  to  occupy  Uieir  place.  Mr.  Wheatstone  has 
lb  diown  that  the  same  effect  occurs,  although  there  may  exist 
ioiBe  disparit]^  between  the  size  of  the  two  images ;  and  that  the 
moltint  idea  is  that  of  a  figure  of  intermediate  size.  Now,  unless 
ii  object  is  placed  directly  in  front  of  the  eyes,  its  image  is  larger  in 
ttK  eje  than  the  other,  because  it  is  nearer  one  eye  than  the  other ; 
nd  this  faculty  of  striking  a  mean  between  the  two  impressions  is, 
fcrelbre,  constantly  made  use  of. 

The  above  facts  abundantly  prove  the  non-existence  of  absolutely 
ftntsponding  points  on  the  two  retinae,  such  as  were  formerly  held 
^  exist.     But  they  do  not  invalidate  what  has  before  been  advanced 

2M;ting  the  general  correspondence  of  certain  tracts  of  the  two 
s,  and  the  absolute  non-correspondence  of  others. 
Mr.  Wheatstone  further  observes,  that  if  two  dissimilar  images  are 
^presented  at  once  to  the  corresponding  parts  of  the  two  retinae, 
wj  are  not  blended,  but  seen  alternately,  according  to  their  dis- 
teetness  and  degree  of  illumination.  This  is  a  verv  singular  cir- 
cvittance,  and  agrees  closely  with  what  takes  place  wnen  dissimilar 
^lAmTs  are  viewed  in  the  same  way. 

^^  ftesQbjects  treated  of  in  this  chapter,  reference  is  made  to  the  following  works : 
y^Pftcriptio  Anatomica  Oculi  Humani;  Haller,  Eletnenta  Physiologiae,  torn.  ▼.; 
JJU'l^Mon  the  Eye  and  Vision  (an  admirable  work);  Dr.  Jacob's  paper  on  the  PhiU 
22^1819,  and  in  the  12th  vol.  Med.  Chir.  Trans.,  and  the  article  <<  Eye"  in  the 
yNop.  Anat.  and  Phyr.,  by  the  same  author;  Mr.  Dairy mple's  Anatomy  of  the  Eye, 
2^*^  1^34;  the  introdaction  to  Mr.  Lawrence's  Treatise  on  Diseases  of  the  Eye, 
j^EdiLy  1841 ;  Mr.  Wharton  Jones*  Essay  pre6xed  to  MacKenzie  on  Diseases  of  the 
QB;  Arnold,  Qber  das  Aage  des  Menschen;  Soemmerring's  Plates  of  the  Eye;  Mul- 
yiind  Wagner's  Physiology;  Mackenzie  on  Vision;  Bowman  (W.)  Illustrations 
^Ae  Anatomy  of  the  Eye  in  health  and  disease,  now  in  course  of  publication. 
29 
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CHAPTER  XVm. 

ir   HEARING. THE    ORGAN    OF   HEARING, ITS   DEVELOPMEST   II  IHt 

ANIMAL     SERIES. — THE      EXTERNAL     EAR. — THE      TYMPASIffl.— IE 
LABVBINTH. — THE  FUNCTIONS  OF  THESE  PARTS. 

It  is  by  the  sense  of  hearing  that  the  mind  takes  cognizauct ai 
those  oscillations  of  elastic  matter  which  give  rise  to  the  pbeaoDCU 
of  sound. 

The  communicalion  of  these  oscillations  to  Ihe  ear  may  taltepIiB 
through  the  air,  or  through  the  interveolloD  of  some  solid  couiiucUii, 
brought  into  immediate  connection  with  the  organ  of  hearing.  1' 

The  essential  part  of  the  organ  of  hearing  is  a  sac,  containing  luii,    r 
upon  which  the  nerve  of  hearing  is  freely  distributed :  this  ssc  btiaj     I 
in  connection  wilh  the  cranial  parieles.     This  is  repreaented  in  lit     I 
P  htiinan  subject  by  (hat  small  cavity  which  is  excavated  in  the  peimM     1 
F.  portion  of  the  temporal  bone,  called  the  vestibuh.     This,  and  (A™     I 
\  tani-circular  canals,  with  a  spirally  disposed  canal,  divided  bjap3>     ' 
f  tition,  constiluling  the  cochlea,  form  the  labyrinlh.     External  lo  ihij, 
[  and  situate  between  the  squamous  and  petrous  portions  of  the  tempo- 
[  ral  bones  is  a  cavity,  the  tympanum,  which  in  front  further  corannini- 
I  cates  very  freely  with  Ihe  cavity  of  the  throat  through  an  open 
[  ehannel,  tlie  Eustachian  lube,  whereby  air  has  a  free  access  into  tbe 
I  tympanum.     This  cavity  is  closed  on  the  outside  by  a  membnne 
I  {membrana  tt/mptmi)  vhicli  extends  over  its  external  orifice  as  o'u 
I  a  drum.     A  communication  is  established  between  the  membniie 
I  and  the  inner  wall  of  the  tympanum,  by  a  chain  of  small  bones  which 
\  extends  from  the  one  to  the  other.     These  are  the  ossicles  of  ihetu. 
•  The  ouler  bone  of  the  chain  is  intimately  attached   to  the  merabmi 
fympani,  and  the  inner  one  to  a  membrane  which  closes  the  restibole 
the  outside.     The  three  bones  which   compose   the  chiin  >re 
I  articulated  by  moveable  Joints,  and  arc  moved   by  small  muscle^ 
[  -irhich  are  thus  enabled  to  regulate  the  tension  of  the  raembrana  tjia- 
r  pani,  as  well  as  of  the  membrane  of  the  vestibule.     Externally  li  u 
apparatus  for  collecting  sounds,  and  conducting  them  to  the  tjin- 
I  panum. 

DcBttoprntnt  of  Ike  Organ  of  Hatring  in  the  Animal  Seria. — There  is  do  Olgi*  1" 

f  fte  body  in  vrhicb  we  find  a  more  remarkable  gradation  ofdevelppmeol  inlhtnricB 

I  DlBtsM  of  animals,  itinn  in  the  ear.    We  nee  ii  existing  as  a  simple  sac  in  iIk  f^ 

[   kpud  and  gasicrupod  mollusks,  and  io  cruslacea.    In  ihe  cattle-Ssb,  ilcomisnof  * 

'   •mall  9ac  Jilled  wilh  fluid,  lodged  Id  b  chamber  excaraied  in  Ihe  craoial  ctnilifi' 

The  chamber  is  closed  everywhere  eicept  ai  ihe  emrance  of  ihe  aodilotj  «"* 

I   %hich  passea  in  to  eipand  upon  Ihe  sue.     From  its  inner  snrface  lh«fe  pniKl 

Several  oblnse  processes,  of  a  soft,  elastic  nklure,  which  support  Ihe  sac.    ImW 

comalns  a  calcareous  body  or  ololilhe.    Even  at  ihts  early  stage  of  defelopmtat  ^ 

organ  is  donhle,  and  ihe  iwo  cavilies  are  separated  from  each  oiher  bjraTeijto 

'is  thai  these  cnvilies  are  strictly  analogons  to  the  Ttslj  W»  ■ 


the  bifther  classes. 
In  Gasteropoda,  the  organ  ci 
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ich  contains  fluid  and  seyeral  small  otolithes,  which,  according  to  Siebold, exhibit 
narkable  moyements. 

D  Crastaeca,  the  organ  still  exists  as  a  simple  sac.  This,  as  Dr.  Arthur  Farre  has 
>wn,  is  sitaate,  in  the  lobster,  in  the  base  or  first  joint  of  the  lesser  antenna.  Its 
ce  is  indicated  bj  a  toagh  membrane  which  covers  an  oval  aperture  in  the  apper 
-face  of  this  joint;  the  membrane  being  a  continuation  of  the  same  structure  which 
ms  the  shell,  but  in  which  the  earthy  matter  is  wanting.  Towards  the  inner  and 
terior  margin  of  this  membrane,  there  is  a  small  round  aperture,  through  which  a 
atle  maj  be  passed.  *'On  removing  this  oval  membrane,  together  with  a  portion 
the  surrounding  shell,  the  internal  organ  is  brought  into  view,  completely  imbedded 
the  soft  integument  and  muscular  structure  of  the  antenna."  It  consists  of  a  sac, 
shape  like  an  auricle,  and  of  a  homy  structure,  like  soft  quill,  suspended  in  the 
Dtre  of  the  joint,  free  on  all  sides,  and  having  only  a  single  attachment  near  the 
■enure  in  the  oval  membrane  already  described;  it  nearly  fills  the  cavity  of  the 
iat  The  sac  contains  particles  of  siliceous  sand,  which  find  their  way  into  it 
lOQgh  the  aperture  alreaay  described,  and  probably  fulfil  Uie  ofi&ce  of  the  otolithes 
hieh  exist  m  other  classes  of  animals.  Numerous  very  remarkable  ciliated  pro- 
■tts  are  attached  to  the  lower  surface  of  the  vestibular  sac :  they  are  arranged  in  a 
nudrcular  line.  In  the  neighbourhood  of  this  line  the  auditory  nerve  attaches 
teir  to  the  sac,  and  forms  a  plexus,  which  covers  the  whole  under  surface  of  the 
it,  extending  also  towards  its  upper  surface.  The  nerve  is  derived  from  the  lesser 
id  greater  antennal  nerves. 

Dr.  A.  Farre  has  shown  that  the  cavity  situate  at  the  base  of  the  greater  antenna 
not,  as  has  been  hitherto  supposed,  suited  to  act  as  an  organ  of  hearing.  It  is  a 
■ical  papilla,  abruptly  truncated,  and  having  stretched  over  it  a  membrane,  which 
pierced  in  its  centre  by  an  aperture  capable  of  admitting  a  small  bristle.  On 
ikiag  a  section  of  this  part,  nothing  more  is  seen  than  a  narrow  canal  in  the 
thj  substance  leading  perpendicularly  from  the  external  orifices,  and  terminating 
niplly  at  the  depth  oi  two  lines.  A  nerve  is  sent  ofif  to  this  organ  from  the  supra- 
OfHuifeal  ganglion.  Such  an  organ  is  very  ill-adapted  for  hearing.  Dr.  Farre 
I  ascertained  that  this  is  the  most  sensitive  part  of  the  body  of  the  lobster; 
Ace,  while  the  mechanical  irritation  of  any  other  parts  excited  only  a  slight 
▼ement  in  the  limbe  of  the  animal,  when  out  of  water,  and  somewhat  feeble,  the 
ehing  of  this  part  was  immediately  followed  by  a  violent  and  almost  spasmodic 
ipiDg  of  the  taiL**    (JParrt  on  ike  Organ  of  Hearing  m  Cnulaeea.    Phil.  Tr.  for 

D  Fishes  the  organ  of  hearing  acauires  a  considerable  increase  in  the  complexity 
Is  organizatiDn*  It  consists  of  a  vestibular  sac,  with  the  accession  of,  in  general, 
M  semicircular  canals.  In  the  myxine,  however,  a  fish  of  very  low  organization, 
m  is  only  one  of  these  canals.  In  the  lamprey  there  are  only  two.  The  vestibular 
eonsists  of  a  large  sac  {uirieubu  of  Breschet},into  which  the  semicircular  canals 
Uf  and  with  the  walls  of  which  they  are  continuous,  and  of  a  small  offset  from 
(  larger  one  (the  »a€eulu§  of  Breschet).  This  apparatus  is  composed  of  a  tbin» 
isparent,  elastic  membrane.  It  is  filled  with  fluid,  and  contains  in  each  sac,  either 
eciainous  bodies  (olofifAes),  of  beautiful  structure  and  great  diversity,  as  in  the 
roQS  fishes,  or  masses  of  pulverulent  deposit,  like  powdered  chalk  (ptokoma),  as 
be  cartilaginous  fishes.  These,  whether  hard  or  soft,  consist  of  carbonate  of  lime,. 
,  therefore  may  be  quickly  decomposed  b^  a  mineral  acid.  The  whole  of  this 
ilory  apparatus  is  deposited  in  an  excavation  of  the  cranial  wall,  which  commu- 
nes with  the  cavity  of  the  cranium  itself,  excepting  in  the  rays  and  sharks,  in  which 
i  enclosed  by  the  cranial  cartilages.  It  is  suspended  in  fluid  (part,  probably,  of 
etiebro-iipinal  fluid),  which  constitutes  the  analogue  of  the  perilymph  in  the 
her  animals.  In  some  fishes,  according  to  Breschet,  an  additional  offset  from  the 
per  sac  exists,  to  which  he  gives  the  name  eyaiieuk.  All  these  parts  are  analogous 
lie  membranous  labyrinth  of  the  higher  animals,  there  being  nothing  to  represent 
tympanum  or  the  cochlea.  In  many  of  the  osseous  fishes  the  auditory  apparatus 
no  communication  whatever  with  the  exterior.  In  rays  and  sharks,  however,  a 
kmgation  of  the  labyrinth  extends  through  an  opening  in  the  occipital  portion  of 
skali  to  the  surface  just  beneath  the  skin.  In  many  fishes,  according  to  Weber, 
ivfisan  intimate  connection  between  the  auditory  apparatus  and  the  swimming 
Ider,  although  their  cavities  have  no  communication  with  each  other. 
B  Amphibia,  the  auditory  apparatus  is  closed  off  from  the  cranial  cavity,  and  is 
mined  in  the  cranial  bones.  It  consists  of  a  vestibule  with  three  semicircular 
•b.    In  some,  there  is  placed  external  to  this  labyrinth  a  tympanic  cavity. 
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closed  on  the  eiterior  by  a  membrane,  which  h  iniimuelj  nnited  wilh,  or  >  ponW 
of,  ihe  ioTegument,  or  a  ihin  layer  of  cartilage.  An  osseaas  pillar  (the  colantllc); 
or  a  chain  of  Iwo  or  ihree  osaicles,  eiiends  from  ihe  wall  of  ihe  vtslibnlc  lo  ihu 
lymgianic  membrane,  analogous  lo  Ihe  lympanic  bones  in  ihc  haman  snbiKi.  Ii 
the  ReptiIeK,  Ihere  is  a  shorl  canal  connectpd  wiib  Ihe  veslibalr,  analogoaa  <o  iln 
cochlea.  The  existence  of  ihis  canal  esiablishes  that  of  a  second  edernal  opnuK 
belonging  lo  the  labyrinih,  or  fcnaira  cothkx.  in  addilion  lo  the  fenatnt  iwtluL 
Some  of  the  Replilcs,  as  ihe  serpenia,  are  devoid  of  a  diMlBCt  Ijmpanic  oiiljr;  b« 
the  eitKience  ofa  columella  beneaih  the  skin  indicates  a  nidimenlarjr  Gtale  of  Iv  b 
others,  as  the  lorioises,  crocodiles,  and  lizards,  such  a  cavity  exisU,  wilh  in  owd 
canal  of  communicaiion  wilh  Ihe  fauces,  the  Eustachian  lube,  and  wilh  a  csldwlk 
The  fluid  of  the  Inbyrinib  contains  cryElalline  particW  in  place  of  oioliibes. 

In  Birds,  the  or^an  of  hearing  has  the  same  parts  as  ia  the  higher  repu1n>  h 
labyrinth  has  the  cochlea  and  semicircnlar  canals,  and  the  two  frnestrs,  isd  tkn 
is  a  tympanic  caviiy  with  a  columella.  The  cochlea  is  a  very  slightly  bedi  cui\ 
divided  by  a  membranous  Eepium  into  Iwo  passage!^,  scala  vesiibati.  and  ttUt 
trmpaoi. 

In  Mammalia,  the  general  characters  and  structure  of  Ihe  organ  of  hearing  cMf 
resemble  those  of  man. 

In  examining  Ihe  nnatomy  of  the  humRti  ear,  we  shall  first  desote 
the  external  ear,  next,  the  middle  ear,  or  tympanum,  and  lutlj,  At 
labyrinth. 

Fift  131. 


The  External  Ear  comprises  Ihe  free,  expanded  part,  aunclt  or 
pinna,  and  ihe  auditory  canal  or  external  tneulus. 

The  aurkle  presents  an  outer  surface,  which  is  on  the  whole  con- 
cave, and  slightly  inclined  forwards.  On  this  surface  are  seTen' 
eminences  and  depressions,  resulting  from  Ihe  folded,  or  nUh" 
crumpled,  form  of  its  cartilaginous  basis,  and  which  are  seen  rcTertfd 
OR  the  free  {lortion  of  the  opposite  surface.  These  are : — a  proiclQCot 
rim  or  helix,  and  within  it  another  curved  promineoce,  the  anUn^i 
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irhtch  bifurcates  above,  so  as  to  enclose  a  space,  the  scaphoid  fossae 
wd  describes  a  circuit  round  a  deep,  capacious,  central  cup,  the 
sonrAa.  At  the  end  of  the  helix,  in  front  of  the  concha,  is  a  small 
Ictached  eminence,  the  tragus^  so  named  from  its  bearing  a  tuft  of 
bair  resembling  a  goat's  beard.  Opposite  this,  behind  and  below 
the  concha,  is  the  aniiiragus.  Below  is  the  pendulous  lobe^  com- 
posed of  dense  areolar  and  adipose  tissues.  The  concha  is  imper- 
fectly divided  into  an  upper  and  a  lower  part  by  the  anterior  cnrved 
extremity  of  the  helix.  The  groove  of  the  helix  is  continued  into  the 
upper  division,  and  :the  auditory  canal  leads  from  the  front  and 
deepest  part  of  the  lower  division  where  it  is  overhung  by  the  trasus 
aad  its  protective  tuft  of  hairs.  The  cartilage  of  the  pinna  consists 
of  one  principal  piece,  from  which  that  of  the  tragus  and  antitragus 
is  separated  bv  a  fissure  filled  up  by  fibrous  membrane.  It  is  very 
flexible,  and  elastic,  has  a  yellowish  colour,  and  belongs  to  the  same 
category  as  the  cartilages  of  the  als  nasi,  &c.  Ligamentous  fibres 
bind  the  concha  behind  and  above,  and  the  tragus  in  front  to  the 
bone  and  fascia  in  the  neighbourhood.  A  few  muscular  fibres  passing 
between  different  parts  of  the  auricle,  serve  to  impress  upon  them 
movements,  but  so  slight  as  to  be  hardly  worthy  of  note.  These 
fibres  are  found  externally  on  the  tragus,  the  antitragus,  the  upper 
end  of  the  helix,  and  behind  on  the  concha.  The  whole  of  the  car- 
tilaginous part  of  the  ear  is  rendered  movable  by  three  muscles,  the 
mferior  and  anterior  auriSj  arising  from  the  epicranial  aponeurosis, 
and  converging  to  the  concha  and  helix,  and  the  posterior  aurisy 
passing  between  the  mastoid  process  and  concha. 

The  auiiiary  canal  passes  from  the  concha  inwards  for  about  an 
inch,  or  rather  more.  It  inclines  a  little  forwards,  and  is  slightly 
bowed,  so  as  to  be  higher  near  the  middle  than  at  either  end.  Its 
width  does  not  equal  its  height,  and  it  is  altogether  narrower  in  the 
middle.  The  membrana  tympani,  which  terminates  it,  is  placed 
obliquely,  in  consequence  of  the  lower  side  of  the  meatus  being  longer 
than  the  upper.  The  canal  consists  of  two  parts,  a  cartilaginous 
and  fibrous  one,  and  an  osseous.  To  form  the  first,  the  cartilage  of 
the  concha  and  tragus  is  prolonged  inwards  as  far  as  the  auditory 
process  of  the  temporal  bone,  and  constitutes  a  tube  imperfect  at 
the  upper  and  back  part,  where  its  deficiency  is  supplied  by  fibrous 
Bembrane.  This  cartilage  is  rendered  still  further  movable  by 
partial  slits  in  a  vertical  direction  {incisune  Santorini).  Muscular 
fibres  are  described  by  some  to  exist  in  the  meatus,  which,  accord- 
ing to  Haller,  become  shortened  by  their  contraction.  The  osseous 
part  of  the  auditory  canal  consists  in  the  fcetus  of  a  ring  of  bone,  to 
which  the  membrana  tympani  is  attached  {tympanic  ring  of  the  tem- 

Gral  bone).  In  the  adult,  it  is  nearly  three-quarters  of  an  inch 
ig,  and  gives  the  meatus  the  form  and  direction  already  described. 
The  skin  of  the  external  ear  is  delicate,  and  well  supplied  with 
vessels  and  nerves.  The  orifice  of  the  meatus,  besides  being  con- 
cealed behind  the  tragus,  is  defended  by  hairs,  and  a  close  arrange- 
ment of  ceruminous  glands,  which  furnish  an  abundant  secretion, 
cafeulated  to  entangle  particles  of  dust,  or  small  insects,  and  to  pre- 
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Tent  their  entrance  into  the  organ.  These  f^ 
seated  in  ibe  stibculaneous  tissue,  where  ihe  cartilage  is  cieQciu^ 
anil  (Id  not  extend  into  Ihe  osseous  portion  of  ihe  canal.  Tkt 
cerumen  is  an  oily,  very  bitter  substance,  of  a  yellow  colour.  Bid 
contains,  in  addition  to  fat,  albumen,  and  colouring  matter,  a  bi&a 
principle  analogous  to  that  of  Ihe  bile.  If  not  removed  from  tiM 
to  time,  it  is  liable  to  form  hard  pellets,  which  either  impact  Ibe 
passage,  or  come  into  contact  with  ihe  membrana  tympani,  aod  ia 
eiiher  case  seriously  interfere  with  Ihe  transmission  of  sound  to  the 
internal  parts.  These  concretions  are  partially  soluble  in  ellier  and 
turpentine. 

The  Middle  Ear,  or  tympanic  cavity,  is  a  space  filled  with  sir, 
communicating  with  the  pharynx  by  the  Eustachian  lube,  and  inter- 
posed between  the  externa!  meatus  and  the  labyrinth.  It  opens 
behind  into  the  mastoid  cells,  which  are  also  filled  with  air,  and  it 
is  traversed  by  a  chain  of  moveable  bones,  connecting  the  membniia 
tympani  with  the  vestibule,  or  common  central  cavily  of  Ibe  lilit- 
rinth.  The  tympanum  is  of  irregular  shape,  compressed  latenliy, 
and  lined  by  a  very,  delicate  ciliated  epithelium,  prolonged  from  Uie 
pharynx. 

The  external  wall  of  Ihe  tympanum  is  formed  by  the  mttrJ>n%s 
tympani,  and  a  small  extent  of  the  surrounding  hone.  The  mem- 
brane is  nearly  oval,  hut  wider  above  than  below,  and  as  alreidj 
slated,  placed  in  a  slanting  direction,  so  as  to  form  an  obtuse  angle 
wilh  the  upper  wall,  and  an  acute  one  of  about  45°  with  the  fl»l 
of  Ihe  auditory  c.inal.  It  consists  of  three  laminse,  an  external,  mid- 
dle, and  internal.  The  external  is  derived  from  the  cuticular  lining 
of  Ihe  canal,  and  easily  detaches  itself  with  that  structure  aftermue- 
ratioD.  The  middle  is  strong  and  fibrous,  perhaps  analogous  lo  the 
dermal  part  of  the  integument,  and  attached  through  the  mediunof 
a  dense  fibrous  rim  to  the  bone,  which  presents  a  distinct  groove  for 
its  reception,  except  above.  The  handle  of  Ihe  malleus  is  fitmlj 
united  to  this  layer  of  the  membrane,  in  a  vertical  direction  ai  ^ 
down  as  the  centre,  and  draws  Ihe  membrane  inwards  along  thit 
line,  90  that  ils  outer  surface  is  concave,  ils  inner  convex.  Tbe 
abundant  small  vessels  supplying  this  pari  run  along  the  haodlc^ 
the  malleus,  and  thence  radiate  more  or  less  directly  towanls  Ibe 
border.  Tbe  fibrous  tissue  is  in  part  similarly  disposed,  aod  Ihus 
seems  to  have  led  Sir  E.  Home  to  describe  a  radiating  muscle  ia  the 
membrane,  which  does  not  appear  lo  exist.  Seen  from  within, » 
concentric  arrangement  of  the  fibres  is  more  obvious.  The  inner 
layer  is  the  ciliated  epithelial  lining  of  the  cavity,  which  is  easily 
scraped  off"  for  examination  in  the  fresh  state  (see  p.  73), 

The  !'i(ernai  wall  of  Ihe  tympanum  (fig.  132)  has  two  orifices  of 
communication  wilh  the  internal  ear;  the  fenestra  ovalis,  a,  leading 
to  the  vestibule,  and  {he  Jeiiedra  rotundn,  b,  opening  into  tbe  cochlea. 
Both  these  are  closed  by  membrane  which  prevents  the  escape  of  lti< 
fluid  conlained  in  these  inner  chambers,  and  communicates  vibralioni 
to  it.  The  Tenestra  ovalis  is  likewise  occupied  by  the  base  of  tb* 
stapes,  one  of  Ihe  chain  of  ossicles  connecting  it  with  the  membnua 
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ppani.  Between  the  fenestra  is  the  promontory,  c,  corresponding 
ihe  first  turn  of  the  cochlea,  and  furrowed  by  two  or  three  canals 

f  the  nerves  which  form  the  anastomosis  of  Jacobson,  n.     Behind 

I  fenestra  ovalis  is  a  conical  eminence,  the  pyramid,  d,  hollowed, 
3  presenting  a  small  oriiice  at  its  summit,  which  is  on  a  level  with 
:  middle  of  the   vestibular  fenestra.     The  pyramid  contains  the 

^edius  muscle,  the  tendon  of  which  emerges  at  its  summit,  and 


to  the  neck  of  the  stapes.  This  muscle  is  supplied  by  a  twig 
■n  the  portio  dura  nf  the  seventh  pair.  At  (he  base  of  the  pyramid 
lian  aperture  lhrouf;h  which  the  chorda  tjrapani,  m,  enters  the 
ppanuro.  Thence  this  nerve  passes  forwards,  between  the  handle 
|the  malleus  and  the  long  arm  of  the  incus,  and  emerges  through  a 
BbI  close  to  the  Glaserian  fissure.  Above  the  pyramid  an  arched 
Hainence,  e,  indicates  the  course  of  the  aqueductus  Fallopii,  close 
iQte  tympanum ;  and  behind  this  is  the  free  communication  with 
t  mastoid  cells, ^Z". 

Tbe  anterior  part  of  the  tympanum  presents  above  the  canal  for 
LteasOf  tympani  muscle,  and  below  the  oriiice  of  the  Eustachian 
K.     Tbe  former,  t,  is  chiefly  formed  by  a  curled  plate  of  bone,  the 

riMiu  eochUariformis,  g,  ending  in  a  kind  of  perforated  summit, 
some  have  termed,  anterior  pyramid.  This  is  a  little  above  the 
Mstr«  ovalis,  and  gives  passage  to  the  tendon  of  tbe  tensor  tym- 
pi,  which  becomes  attached  to  tbe  short  process  of  the  malleus. 
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Fig,  133. 


The  Etistackian  ttthSf  about  one  inch  and  a  half  in  len^li,  Indtftw 
tile  tympanum  downwards,  forwards,  and  inwards,  to  its  orifiee  in 
the  pharynx,  which  is  seen  as  a  slit  with  an  elevated  edge  close  be- 
hind the  inferior  turbinated  bone  of  the  nose  (see  fig.  106,  /,  p.  396). 
By  its  straight,  but  inclined  course,  the  passage  of  mucus  from  ih( 
tympanum  is  facilitated.  Its  upper  extremity  for  more  than  ba)f  u 
inch  is  bony,  while  in  the  rest  of  lis  extent  it  is  cartilaginiios,  It 
dilates  at  each  end,  especially  the  lower,  where  the  cartilage  is  ihick- 
cned  and  everted.  It  forms  a  passage  for  the  air  in  and  outof  i!k 
tympanum.  It  exists  in  all  animals  in  which  a  tympanum  is  fouail, 
but  in  many,  the  tubes  of  opposite  sides  hare  a  common  outlet  an  tbt 
I  pharynx.  External  to  the  opening  for  the  Eustachian  tube  islbc 
k  opening  for  the  anterior  muscle  of  the  malleus  (Glaserian  fissure)  mJ 
that  for  the  escape  of  the  chorda  tympani. 

The  ossicles  of  the  tympanum  are  three,  the  malleus,  the  ineg«,iiid 

lhcstapes(fig.  133).     The  nvi/fnu  (hin- 

raer)  has  a  large  extremity  abo?e,  lemifd 

the  head,  m,  bounded   by  a  constrietiM 

or  neck,  from  which  the  handU(musi- 

briumj,  A,  passes  down,  imbedded  in  At 

membrana  tyropani,  as  already  descnbeii. 

Its  concavity  directed  outwards  txpliici 

the  similar  inequality  of  that  membmie' 

The  short  process  is  a  slight  conicil  pro- 

jeclioB  from  the   neck,  which  reeeijo 

the  insertion  of  the  tensor  tympani  aus- 

cle:  the  slender  process  (p.  graeiliit,?, 

also  passes  from  the  neck,  but  fortriidi 

and  outwards,  to  enter  the  Glaserian  fii- 

sure.     On  the  back  of  the  head  and  neck 

an  articulation  is  formed  with  the  iocu- 

Tbe  incus  (anvil),  is  shaped   not  unlike 

a  molar  tooth.     It  articulates  with  the 

malleus  by  the  anterior  surface  or  suomil 

iietepiiniTeoiiHBisii.s.viiiii    of  its  body,  and  has  two  processes,  a  i^ 

S«r]'iEwidi«^Mn<!''V™AiDo'i5'    and   a  long  cms:  the  former,  (e,lr»i  » 

backward   direction,   and   projecti  inW 

Ibe  mastoid  cells,  the  latter,  Ic,  descends  lo  a  level  with  the  fentstn 

mvalis,  bends  inwards,  and    is  tipped  with  a  lenticular  pr»mi,\t> 

Narhich  the  head  of  the  stapes  is  attached,  a.     The  slapts,  or  nimp 

Ifbone,  s,  is  almost  sufficienlly  described  by  its  name.     lis  coostraction 

s  truly  elegant.     It  has  a  head,  neck,  two  branches,  and  a  bau.    Tbt 

I  last  fits  into  the  fenestra  oralis,  lo  the  margin  of  which  it  isaltacheil, 

I  iby  membrane,  so  as  to  enjoy  some  freedom  of  motion.      Its  neck  »• 

■-oeives  the  insertion  of  the  stapedius  muscle.     The  chain  of  ossiclei, 

now  described,  stretches  across  the  tympanum   by  no  means  in  t 

straight  line,  and   its  parts  are  permitted   to  enjoy  some  degrwtif 

motion,  not  merely  by  Ihe  double  joint  existing  between  lheni,bB' 

by  the  mode  of  Iheir  attachment  at  either  end. 

These  bones  are  moved  by  small  muscles,  two  of  which  are  tiot 


n.  HF*d  of  Ihe  rnmllcDi.  below  whb 
<suu>  gnrllKor  langpn>c«iu,  uil 
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)ated.  Thege  are  the  iniemal  muscle  of  the  malleus^  and  the  sta- 
ius  muscle.  Each  of  these  muscles  consists  ofistriped  fibres, 
rhe  inierrud  muscle  of  the  maUeus^  or  tensor  tympanic  occupies  the 
lal  above  the  osseous  portion  of  the  Eustachian  tube.  It  is  at- 
bed  in  front  to  the  under  surface  of  the  petrous  bone,  and  to  the 
tilage  of  the  Eustachian  tube ;  it  proceeds  backwards,  and  ends 
I  tendon  which  turns  abruptly  outwards  from  the  osseous  canal  in 
ich  the  muscle  is  lodged,  and  is  inserted  into  the  short  process  of 
!  malleus.  It  draws  this  part  inwards,  and  thus  heightens  the  ten- 
n  of  the  membrana  tympani.  An  anterior  muscle  of  the  malleus^ 
laxator  tympani  muscle,  is  described  by  many  anatomists  as  passing 
m  the  Glaserian  fissure  to  the  processus  gracilis.  The  stapedius 
uele  occupies  the  conical  interior  of  the  pyramid ;  its  surface  is 
Dneurotic,  its  interior  fleshy,  and  it  terminates  in  a  small  tendon 
lich  emerges  at  the  apex  of  the  pyramid,  and  then  passes  to  be 
terted  into  the  neck  of  the  stapes.  In  contraction  it  would  fix  the 
pes  by  pulling  its  neck  backwards.  It  probably  compresses  the 
itents  of  the  vestibule. 

Of  the  Internal  Ear^  or  Labyrinth.  This  is  the  potential  part  of 
I  organ  of  hearing,  and  includes  the  ultimate  distribution  of  the 
Te.  It  consists  of  three  parts,  the  vestibule,  the  semicircular 
lals,  and  the  cochlea,  all  of  which,  from  their  delicacy  and  minute- 
ts  of  structure,  demand  careful  examination.  They  are  a  series  of 
ities  hidden  in  the  hardest  part  of  the  petrous  bone,  communicating 
the  outside  with  the  tympanum,  by  the  fenestra  ovalisand  rotunda 
Huly  described,  and  on  the  inside  with  the  internal  auditory  canal, 
ich  conveys  the  nerve  to  them.  The  very  compact  bone  imme- 
Idy  bounding  these  cavities,  considered  apart  from  the  less  dense 
le  which  surrounds  it,  is  termed  the  osseous  labyrinth^  in  distinction 
n  a  membranous  labyrinth  within. 

y  the  Osseous  Labyrinth, — The  singularly  complex  shape  of  this 
k  of  the  organ  makes  it  difficult  to  describe.  1.  The  vestibule^  or 
imoD  central  cavity,  placed  immediately  to  the  inner  side  of  the 
ipanam,  is  flattened  from  side  to  side,  and  about  a  fifth  of  an  inch 
leiffbt,  at  well  as  from  before  backwards.  The  semicircular  canals 
•a  into  it  by  five  orifices  behind,  the  cochlea  by  a  single  one  in 
It;  on  its  outer  wall  is  the  fenestra  ovalis,  on  its  inner  several 
rate  holes,  including  the  macula  cribrosa  for  the  entrance  of  a  por- 
I  of  the  auditory  nerve  from  the  internal  auditoty  meatus.  At  the 
der  part  of  the  inner  wall  is  the  orifice  of  the  aqueductus  vestibuli, 
10  canal  penetrating  the  vestibule  from  the  posterior  surface  of  the 
RNis  bone,  and  containing,  as  some  describe,  a  tubular  prolongation 
die  liotng  membrane  of  the  vestibule,  ending  in  a  minute  pouch 
ween  two  layers  of  the  dura  mater,  within  the  cranial  cavity, 
saehet  considers  this  to  be  an  evidence  of  a  continuity  once  exist- 
between  the  lining  membrane  of  the  cranium,  and  that  of  the 
tibale,  and  it  is  certain  that  in  most  fishes  the  vestibule  is  a  pro- 
t  of  the  cranial  cavity,  or  separated  from  it  only  by  a  membrani- 
B  septum.     Whatever  other  use  the  aqueduct  of  the  vestibule  may 
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.Iteive,  it  seems,  certainly,  to  convey  small  vessels  to  tlie  iDtenita 
.  The  lower  part  of  the  inner  wall  presents  a  hemispherical  deprenw 
L^ouea  hemispherica),  and  immediately  above  it,  and  on  ibe  <iffa  _ 
>.wall,  another,  transversely  oval   and  larger   [fovea  semi-ei"  "  ' 
[.These  are  separated  by  a  smzM pi/ramidal  emhtence. 


2.  The  semicircular  canals  are  three  in  number,  all  ope&ingH 
both  ends  into  the  vestibule,  so  that  there  would  be  six  orifices,  *W 
,iiot  one  of  the  orifices  common  to  two  of  the  canals.  TheciD>l*in 
.of  unenual  length,  but  all  describe  more  than  half  a  circle,  tai  iMr 
.cavity  IS  not  cylindrical,  but  slightly  compressed  on  the  sidei^nl 
labout  a  twentieth  of  an  inch  in  ^lianieter.  Each  is  dilated  ri  mc 
end  into  aO  am/)u//n,  of  more  than  twice  the  diameter  of  the  tubt,tDd 
at  Ihe  opposite  end  it  opens  out  slighlly  on  entering  the  vestilwle' 
Each  canal  lies  in  a  dilTerent  plane,  the  direction  of  which  btiag 
constant,  should  he  carefully  noticed  in  relation  lo  their  funcUon. 
The  superior  vertical  canal  is  also  anterior,  and  lies  across  the  pftPWi 
bone.  It  forms  about  two-thirds  of  a  circle,  and  its  extremitiejiM 
.more'divergent  than  those  of  the  others.  In  the  fffitus  ihe  concaTil.T 
j)r  this  canal  is  free,  owing  to  a  deficiency  in  the  substance  of  the 
petrous  bone,  and  its  arch  forms  a  projection  within  tlie  craoiniB. 
even  in  Ihe  adult.  The  ampulla  is  on  its  outer  extremity.  Tb(**- 
'  /erior  vertical  canal  is  also  poi/enor,  and  runs  parallel  to  the  posUrior 
surface  of  the  petrous  bone,  and  therefore  at  right  angles  lo  lh«  («• 
mer.     The  ampulla  is  at  lis  lower  extremity,  and  its  appei  end  joini 
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■A  inner  end  of  the  foimer  canal,  to  constitute  i  common  canal  an 
il^th  of  an  inch  long,  rather  wider  than  those  which  join  to  form  it, 
Dfl  opening  behind  and  below.  The  horizontal  canal  is  also  inferior, 
mi  norter  than  either  of  the  others ;  its  arch  is  directed  oatwards 
mi  backwards ;  its  ampallar  extreniit;  is  close  to  that  of  the  superior 
Kitical  ean^li  1 

Fig.  :55. 


-,.--        --      ..  ).  Aqnrfmi 

ftKkAmi^MncL    S.  Seaii«ircdlr-  "' — '-     -   ^ 


C.  OiKtalBt.    me.  AqiwdacI  of  tlu  eoehla*.    f>.  Oi 


SalBtyMpaai  balowilii  >p<n]  luaiiii.    Fcom  Scemmening. 

t.  The  eochiea  is,  in  shape,  veiy  like  a  common  snail-shett.  It  lies 
iMoat  horizontally,  its  apex  forwards  and  outwards,  its  base  marked 
Mv  tke  bottom  of  the  internal  meatus,  br  a  depression  ^xhibitin^  ft 
■jW  tmogement  of  pores  for  the  reception  of  the  cochlear  division 
K  Ac  aoditory  nerre.  From  base  to  apex  extends  the  irregularly 
Mini  oni,  modieluM,  or  colwmella,  which  is  perforated  by  numerous 
■ndiiiig  channels,  ascending  from  the  pores  just  mentioned,  and 
fabibnting  the  nervous  filaments  in  regular  succession  within  tbe 
|inl  eoeniear  canal  which  winds  around  the  axis.  This  spiral  canal 
laboat  an  inch  and  a  half  in  length,  if  measured  along  its  outer 
n|l(  *nd  diminishes  gradually  in  size  from  the  base  to  u^e  summit 
f  tfte  cochlea,  where  it  ends  in  a  cul-de-sac.  At  its  commencement 
tb  about  one-tenth  of  an  inch  in  diameter,  but  at  its  termination 
■icely  half  that  size.  At  its  base  it  diverges  somewhat  from  the 
Mdiolns,  towards  the  tympanum  and  vestibule,  and  presents  three 
pmings.  Of  these,  one,  free  and  oval,  enters  the  vestibule;  another 
t  the  fenestra  rotunda,  communicating  with  the  tympanum  in  the 
ij  bone,  but  filled  up  in  the  recent  state  by  a  proper  membrane,  the 
a  tympani  teatndaria;  the  third  is  the  minute  orifice  of  the 
If  cocMue,  a  funnel-shaped  canal  leading  to  the  jugular  fossi* 
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and  sapposed  lo  transmit  a  sm^ll  vein.  The 
about  two  [urns  and  a  half,  of  whicb  Ibe  first,  passing  round  thelviE 
base  of  the  modiolus,  takes  much  the  widest  sweep,  so  as  loeoeiKB 
roost  of  the  second  turn.  The  inner  wail  of  this  colled  CBoal,«tai 
been  shown  by  llg,  forms  the  outer  wall  of  the  modiolus. 

The  spiral  canal  of  the  cochlea  is  subdivided  into  two  passmen Ij 
an  osseo-membranous  lamina,  extended  between  its  moiliolir  u^ 
peripheral  wall,  and  of  course  taking  the  same  spiral  direction « lie 
canal  itself.  This  is  the  lamina  spiralis,  the  fundamental  element  of 
the  cochlea,  on  which  the  nervous  tubules  are  spread  out.  lUt 
than  half  its  breadth  on  the  side  of  the  modiolus  is  formed  bjarq 
brittle  osseous  process  from  the  modiolus,  called  the  ontouj  imt, 
enclosing  minute  channels  continuous  with  Iho.se  of  that  pan,  ud 
transmitting  the  nerves;  its  opposite  or  outer  portion  is  membniiMi 
and  muscular,  and  connects  the  outer  thin  edge  of  the  osseous  mk 
to  the  outer  wall.  The  osseous  zone  commences  gradually  liiliii 
the  vestibule,  and  enters  ihe  spiral  canal  between  the  reslibutanid 
tympanic  openings  of  the  cochlea,  forming,  with  the  help  oflti 
membranous  extension,  a  complete  septum  between  them.  Bi 
passages,  or  scaliE,  into  which  the  spiral  lamina  divides  the  cuii, 
correspond,  therefore,  respectively  to  those  chambers;  the  ii|^, 
towards  the  apex  of  the  cochlea,  scala  veslibuli,  the  lower,  towii^ 
its  base,  scala  tympani.  These  scalre  are,  on  the  whole,  preltj  f^iil 
in  size;  the  vestibular  scala  is,  however,  Ibe  smaller  at  the  t>aM,lb 
tympanic,  near  Ihe  apex,  of  the  coil;  and  the  latter  ceases  trtil 
reaches  the  summit.  At  the  apex  of  Ihe  cochlea  the  parts  baKii 
arrangement  difficult  to  describe,  though  easily  understood  vbn 
seen.  The  axis,  no  longer  hollow,  and  containing  nerves,  i*  reJneri 
to  a  delicate  lamella  at  about  half  a  turn  from  the  dome-like  sunul, 
or  cupola,  formed  by  the  last  part  of  the  spiral  canal.  This  Uaelli, 
which  is  the  real  apex  of  the  modiolus,  immediately  expands, slKl^ 
upwards,  and  becomes  more  twisted  on  itself,  so  as  to  incladefnl, 
or  all  of  the  last  half  turn  of  the  cochlear  canal,  being  termed  fflHtlR 
appearance  as  viewed  from  below,  the  infundibtiium,  op  funnel.  TV 
wide  part  of  this  imperfect  funnel  is  directed  towards  the  cspoK 
with  which  it  blends.  It  is  not  open  above,  but  on  the  siileiwi) 
is,  in  fact,  the  outside  of  the  last  half  turn  of  ibe  canal,  )tnjtclB| 
into  the  turn  below. 

The  osseous  zone  of  the  spiral  lamina  ceases  with  the  boBowiM' 
diolus  at  Ihe  slender  lamella  already  mentioned,  lerroiitatiDK  1*^' 
small  projecting  hook  [knmulus),  the  concave  border  of  wnidi  ^ 
itte,  and  directed  towards  the  lamella,  so  as  to  l<^ave  an  oprDtn^w 
deficiency,  the  lielicolrema  of  Breschet,  by  which  Ihe  seals  tympw 
and  vestibuli  communicate.  The  membranous  zone  conoeclt  ite 
convex  border  of  ihe  hoolc  to  the  outer  wall,  and  is  also  conliBii'il 
upwards  beyond  the  point  of  the  hook,  presenting,  however,  Wwicli 
the  infundibulum,  like  the  hook  itself,  a  free  concave  border,  «»• 
tributing  to  form  the  orifice  of  communication. 

Such  being  the  form  of  the  osseous  labyrinth,  we  may  tiovt"^ 
ceed  to  consider  the  more  delicate  parts  of  the  organ,  and  the  i[Dal^ 
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fistribstion  of  the  auditory  nerves.  We  must  premise  that  the 
of  the  osseous  labyrinth  is  occupied  by  a  limpid  fluid,  the 
%ph,  so  called  by  De  Blsinville,  from  its  surrounding,  ihougb 
vestibule  and  semicircular  canals  only,  a  hollow  mpmbranous 

ilus,  the  membrimous  labyrinth,  which  latter  itself  contains  a 
fluid,  the  endolympk. 


the  Structure  of  the  Spiral  Lamina  of  the  Cochlea. — We  shall 
Jie  two  surfaces  of  this  lamina  tympanic  and  vestibular,  as  they 
I  respectively  the  tympanic  or  vestibular  scala.  The  osseous 
n  of  the  spiral  lamina  extends  more  than  half  way  from  the 
Jus  towards  the  outer  wall,  and  is  perforated,  as  already  de- 
ll, by  a  series  of  plexiform  canals  for  the  transmission  of  the 
|ar  nerrea;  these  canals,  taken  as  a  whole,  He  close  to  the 
or  tympanic  surface,  and  open  at  or  near  the  margin  of  this 
,  The  vtslihular  surface  of  the  osseous  zone  presents  in  about 
Iter  titth  of  its  extent,  a  remarkable  covering,  more  resembling 
ixlure  of  cartilage  than  anything  else,  but  having  a  peculiar 
[ement  quite  unlike  any  olher  with  which  we  are  acquainted. 

UDcertain  respecting  the  office  of  this  structure,  we  shall  terra 

denticulate  lamina  (figs.  137,  and  138),  from  a  beautiful  series 
rth,  foriniog  its  outer  margin,  which  project  free  into  the  ves- 
r  scala,  and,  in  the  first  colt,  terminate  almost  on  a  level  willi 
iBTgio  of  the  osseous  zone,  but  more  wilhin  this  margin  towards 

iX  of  the  cochlea.  They  thus  constitute  a  kind  of  second 
to  the  osseous  zone,  on  the  vestibular  side  of  the  true  margin, 

iving  a  groove  beneath  Ihem,  which  runs  along  the  whole 
spiralis,  in  the  vestibular  scala,  immediately  above  the  true 
of  the  osseous  zone.     The  intervals  between  the  teeth  are  to 

I  on  their  upper  surface,  on  their  free  edge,  and  also  within 
px)OTe,  so  that  the  teeth  are  wedge-shaped,  and  their  upper 
loder  surfaces,  traced  from  the  free  edge,  recede.  The  free 
rting  part,  or  teeth  of  the  denticulate  lamina  form  less  than  a 

of  its  entire  breadth,  and  in  the  remainder  of  its  extent  it  ap- 
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pears  to  rest  on  the  osseous  zone;  seen  from  above, atler  tlie u 
zone  has  been  rendered  more  transparent  by  wealc  hydrDcUontfl 
(fig,  13S),  rows  of  clear  lines  may  be  traced  from  the  leethsllW 
convex  edge,  towanls  ihtu^ 
Fife''  13''-  posile  or  concave  edgtnflh 

lamina.     These    lin«s  ippo 
to  be  a  structure  resenliliB; 
that  of  the  teeth  IheoHlitSi 
and  they  are   separaleil  'm 
one  another  by  rows  of  (ia--, 
highly      refracting    gnimilB. 
which  render  the  inlet^aliTm 
distinct.     These  interm,  u 
seen  in  the  figure,  are  monK 
less   sinuous    and    itregultiit 
branched. 

The  denticulate  laiiiio>,tlia 
placed  on  the  TestibaUi  sn- 
face  of  the  osseous  zon<,  u 
above,  and  at  some  dtjtun 
from  the  plexus  of  the  COtlilni 
nerves,  ^vbich  lie  near  its  ^d- 
panic  surface.  The  vestibiiu 
surface  of  the  osseous  zoit, 
including  the  denticulilt  li- 
mina,  is  convex,  rising  Inm 
the  free  series  of  teeth  loninii 
the  modiolus. 

,^„^ In  the  groove  already  a«- 

tioned  there  is  a  series  of  tlOD- 
gated  bodies,  not  unlike  columnar  epithelium,  in  which  IheoDcIn 
are  very  faint.  These  bodies  are  thick  and  cubical  at  one  end,  wl 
taper  much  towards  the  other.  They  are  united  in  a  row;  uditn 
possible  they  may  have  some  analogy  to  the  club-shaped  boifitstf 
Jacob's  membrane.     We  can  assign  tbem  no  use. 

Continuous  with  the  (bin  margin  of  the  osseous  zone  is  tbe  IH>- 
hranmis  zone.  This  is  a  transparent  glassy  lamina,  horilig  WM 
resemblance  to  the  elastic  lamin<e  of  the  cornea,  and  the  capsule  of 
the  lens.  A  narrow  belt  of  it  next  the  osseous  zone  is  smooth,  uii 
exhibits  no  internal  structure,  while  in  the  rest  of  its  width  it  il 
marked  by  a  number  of  very  minute  straight  lines,  radiating 
from  the  side  of  the  modiolus.  These  lines  are  very  delicate  al  ttot 
commencement,  become  more  strongly  marked  in  the  middle,  IB<) 
are  again  fainter  ere  they  cease,  which  they  do  at  a  curved  lioew 
the  opposite  side.  Beyond  this  the  membranous  zone  is  again  ckir, 
and  homogenous,  and  receives  the  insertion  of  the  cochleans  toosclt- 
The  inner  clear  belt  of  (he  membranous  zone  is  little  afTecledbytcids. 
It  seems  hard  and  brittle.  The  middle  or  pecfinale  portion  is  taott 
flexible,  and  tears  in  the  direction  of  the  lines.  The  outer  f/«rW( 
and  partidly  destroj 
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!T  clear  belt,  and  on  its  ^mpanic  EUrfiice,  runs  a  siagle  some- 
ranched  vessel,  which  would  be  most  correctly  called  a  capa- 
apillary,  as  it  resemhles  the  capillaries  in  the  texture  of  its 
It  exceeds  them  in  size.  It  is  the  only  vessel  supplied  to  the 
uwus  zone,  and  seems  to  be  thus  regularly  placecl,  that  it  may 
the  perfection  of  the  part  as  a  recipient  and  propagator  of 
8  Tihralions. 
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ike  CochUaris  Muscle. — At  its  outer  or  convex  margin,  the 
inons  zone  is  connected  to  the  outer  wall  by  a  semi-transparent 
c.  This  gelatinous  looking  tissue  vas  observed  by  Breschet, 
Bdeed  very  obvious  on  opening  the  cochlea;  but  we  are  not 
af  any  one  having  hinted  at  what  we  regard  to  he  its  real 
The  outer  wall  of  the  cochlear  canal  presents  a  groove, 
og  the  entire  coll,  opposite  the  osseous  zone  of  the  lamina 
and  formed  principally  by  a  rim  of  bone,  which,  in  section, 
ke  a  spur  (Eg.  137,  r),  projecting  from  the  ^rmpanic  ma^in 
jnove,  the  opposite  margin  being  very  slightly  or  not  at  all 
.  This  groove  diminishes  in  size  towards  the  apex  of  the 
.    It  girea  attachment  to  the  stractore  in  question,  by  means 
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of  a  firm  dense  film  of  tissue,  having  a  fibrous  character,  and  the  fibres 
of  which  run  lengthwise  in  the  groove,  and  are  intimately  iimted  loii, 
especially  along  the  projecting  rim.  From  this  cochUur  UganKM,^t 
cochlearis  muscle  passes  to  the  mii- 
gin  of  the  membranous  zone,  filiiag 
the  groove,  and  projecting  iaU  the 
canal,  so  as  lo  assist  in  dividing  tlit 
tympanic  and  vestibular  scalx  froo 
one  another,  and  thus  forming  in  iid 
the  most  external, or  the  muicwjirara 
of  the  spiral  lamina.  Thus  the  ctxt- 
lear  muscle  is  broad  at  its  origin  (km 
the  groore  of  bone,  and  slopes  abon 
and  below  lo  the  thin  margin  ini'liic^ 
it  terminates,  so  that  its  section  is  tn- 
angular,  and  it  presents  three  suriarw, 
one  towards  the  groove  of  bone,  (rwi 
one  to  each  of  the  scalie.  Tb(!«l^ 
face  towards  the  vestibular  sctliii 
much  wider  than  that  tovardi  tbt 
tympanic  scala,  and  presents,  u  i 
iM'tiVmutcle""''™'"''""''' "'°'°''''  I'^nd  running  parallel  to,  aoil  it  i 
short  distance  from  the  margin  of  lie 
membranous  zone,  a  series  of  arched  vertical  pillars,  with  iDtervcnin; 
recesses,  much  resembling  the  arrangement  of  (he  musculi  pecliuu 
of  the  heart  (fig.  140^  c).  These  lead  to  and  terminate  in  the  outer 
clear  belt  of  the  membranous  zone,  nhich  forms  a  kind  of  tended  to 
(he  muscle.  This  entire  arrangement  is  almost  sufficient  of  itttif  to 
determine  the  muscular  nature  of  the  structure.  If  lis  fibres  me 
of  the  striped  variety,  no  doubt  would  remain ;  but  ils  mass,  evidtnllj 
fibrous,  is  loaded  with  nuclei,  and  filled  with  capillaries,  follovipg 
the  direction  of  the  fibres,  and  in  almost  all  respects  it  has  thecloMt 
similarity  to  the  ciliary  muscle  of  the  eye.  The  nuclei  dimioid  is 
number  as  the  fibres  end  in  the  tendinous  part ;  and  they  areniidt 
much  more  evident  by  the  addition  of  acetic  acid.  The  actioooftht 
muscle  must  be  that  of  making  tense  the  membranous  portioD  pf  ibe 
lamina  spiralis,  and  so  perhaps  of  adjusting  it  to  the  modiGcitioii<°f 
sound.  As  the  ciliary  muscle,  though  of  the  unstriped  variett,  »3* 
justs  the  transparent  media  of  the  eye  to  distinct  vision  at  different 
distances  under  the  guidance  of  the  will,  so  it  is  not  impossible  lt>ai 
the  cochlear  muscle  may  have  a  voluntary  adjusting  power,  tlioug*i 
its  precise  mode  of  action  as  a  part  of  an  acoustic  apparatus  may  ^1 
remain  obscure.  On  the  whole,  however,  we  are  more  disposed  W 
regard  this  very  interesting  structure  as  having  a  preservative  olE«, 
as  being  placed  (here  lo  defend  the  cochlear  nerves  from  undw 
Tibrations  of  sound,  in  a  way  analogous  to  that  in  which  the  in> 
protects  the  retina  from  excessive  light.  These  nerves  are  actwl  <"! 
principally  by  vibrations  brought  through  the  osseous  part  of  ll>' 
cochlea,  and  it  is  probable  that  the  arrangement  of  the  scale  isoit 
designed  to  allow  of  protective  movements  of  the  lamina  spinlb^ 
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Pig.  141. 


lar  action,  under  a  stimulus  reflected  from  impressions  on  the 
ry  nerve. 

capillaries  of  the  cilisry  muscle  are  derived  from  vessels 
ering  over  the  walls  of  the  seals  before  entering  it,  and 
from  above  and  below  do  not  anastomose  across  the  line  of 
nent  of  the  membranous  zone,  thus  indicating  that  the  con* 
OQ  of  this  zone  enters  as  a  plane  of  tendon  into  the  interior  of 
iscle,  dividing  it  into  two  parts,  and  receiving  the  fibres  in 
■ioD. 

scale  of  the  cochlea  are  lined  with  a  nucleated  membrane,  or 

ium,  which  is  very  delicate  and  easily  detached,  Dsunlly  more 

Ken  in  (he  vestibular  than  in  the  tympanic  seals,  and  in  many 

s  containing  scattered  pigment. 

Ue  CocldeaT  Jferves. — These  enter  from  the  internal  auditory 

I  through  the  spirally-arranged  orifices  at 

le  of  the  modiolus,  and  turn  over  in  suc- 

I  into  the  canals  hollowed  in  the  osseous 

f  the  spiral  lamina,  close  to  its  tympanic 

!.    In  this  distribution  the  nervous  bundles 

ide  and  reunite  again  and  again,  forming 

:ttS  with  elongated  meshes,   the   general 

ng  arrangement  of  which  can  he  readily 

rough  the  substance  of  the  bone  when  it  has 

Aeeped  in  diluted  hydrochloric  acid  (fig. 

Towards  the  border  of  the  osseous  zone  the 

sof  the  plexus  are  smaller  and  more  closely 

aa  at  length  almost  to  form  a  thin  uniform 

if  nervous  tubules.     Beyond  the  border, 

rtially  on  or  in  the  inner  transparent  belt 

nembranous  zone,  these  tubules  arrange 
It«8  more  or  less  evidently  into  small  sets,     of'''iho'*Si 
advance  a  short  distance  and  then  termi-     ""o  id  ih* 
ocb  on   the  same  level.     These  terminal     wfib"h'"rac 
Inbulea  are  cone-shaped,  coming  to  a  kind     ^obuis**Tn 
t  ere  they  cease.     The  white  substance  of    ~'"" 
DD  exists  in  them  throughout,  but  is  thrown 
vicosities  and  broken  with  extreme  facili- 
.  they  are  interspersed  with  nuclei,  so  (hat 
ry  difficult  to  discover  the  precise  dispo- 
of  the  individual  tubules  (fig.  139,  a). 
■eem   to   cease   one   afler   another,   thus 
\  the  set  to  taper;  and  at  least  it  appears 

that  evidence  of  loopings,  such  as  have 
[escribed  by  some,  is  wanting.  In  the  cochlea  of  the  bird, 
sr,  we  have  seen  at  one  end  a  plexiform  arrangement  of  nucle* 
ires  ending  in  loops ;  but  this  is  a  peculiar  structure. 

capillaries  of  the  osseous  zone  are  most  abundant  on  the 
ie  tcala  in  connection  with  the  nerves  now  mentioned,  and 
ops  near  the  margin,  with  here  and  there  an  inosculation  with 
jjt  marginal  capillary  already  mentioned. 
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terrenes  id  some  qoantitv, 
where  the  nerves  passing  le 
!  it  in  close  contact  w 
;  wall.  Its  vcstibul 
lion  consists  of  two  sacs, 
principal  one  of  transverst 
Igure  and  compressed  It 
called  the  utricultit,  or  i 
sinui,  occupying  the  upp 
back  part  of  the  cavity,  in 
with  the  fovea  semi-ellipti 
benealh  this  a  smaller  an 
globular  one,  the  sacatlut,  I 
the  fovea  hemispberica,  n 
orifice  of  the  vestibular  seal 
cochlea,  and  probably  co 
eating  with  the  ulriculu.i. 

The  memhranoui  sem 
canals  have  the  same  names 
and  arrangement  as  the 
canals  wliich  enclose  them, 
only  a  third  of  the  diamete 
latter.  As  the  osseous  cam 
into  the  vcslibule,  so  thi 
hranous  ones  opeo  at  bo 
into  the  ulriculus->thcre 
however,  a  constricted  m 
tween  this  sac  and  the  Sfflj 
extremity  of  each  canal.  The  auditory  nerve  sends  branche; 
utriculus,  to  the  sacculus,  and  to  the  ampulla  of  each  mem 
canal.  These  nerves  enter  the  vestibule  by  the  minute  *j 
before  described,  and  lie  doWn,  as  it  were,  both  the  utricii 
sacculus  to  the  osseous  wall  at  those  points,  the  membraDi 
much  thicker  and  more  rigid  where  the  nerves  join  it.  The  b 
to  the  anipullffi  of  the  superior  vertical  and  the  horizontal  semi 
canals  enter  the  vestibule  with  the  utricular  nerve,  and  then 
their  destinations,  while  that  to  the  ampulla  of  the  posterior 
canal  traverses  the  posterior  wall  of  the  cavity,  and  opens 
into  the  ampulla. 

The  wall  of  the  membranous  labyrinth  is  translucent,  flexil 
tough.     When  withdrawn  from  its  bed  and  examined,  it  apj 
present  three  coats,  an  outer,  middle,  and  internal.     Tte, 
loose,  easily  detached,  somewhat  tlocculent,  and  contain 
less  colouring  matter  disposed  in  irregular  cells,  exactly  H 
those  figured  at  page  409,  from  the  outer  surface  of  tbe  cM 
of  the  eye.     We  hare  not  found  a  true  epithelium  o 
The  middle  is  the  proper  coat,  and  seems  more  allied  I 
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any  other  tissue;  its  limits  are  well  marked,  it  is  transparent, 
iibits  in  parts  a  longitudinal  fibrillation:  treated  with  acetic 
presents  numerous  corpuscles  or  cell-nuclei.  Where  it  is 
:  it  has  a  near  resemblance  to  the  hyaloid  membrane  of  the 
lie  internal  coat  is  composed  of  nucleated  particles  closely 
1  and  but  slightly  adherent;  the  nuclei  are  often  saucer-shaped, 
en  seen  edgeways,  have  the  uncommon  appearance  of  a  cres- 
rhey  easily  become  detached,  and  fall  into  the  endolymph. 
arteries  and  veins,  derived  chiefly  from  a  branch  of  the 
accompanying  the  auditory  nerve,  enter  the  vestibule  from  the 
meatus,  and  ramify  on  the  exterior  of  the  membranous  laby- 
pparently  bathed  in  the  perilymph.  A  beautiful  network  of 
ies,  forcibly  reminding  the  observer  of  that  belonging  to  the 
is  spread  out  on  the  outer  surface  and  in  the  substance  of  the 
coat.  These  vessels  have  the  simple  homogeneous  wall, 
Tsed  here  and  there  with  cell-nuclei,  that  characterizes  the 
J  channels  in  many  other  situations.  There  is  an  abundant 
I  of  capillaries  in  the  interior  of  the  utriculus  and  sacculus 
he  terminal  distribution  of  the  nerves,  which  evinces  the 
of  the  function  of  these  parts. 

membranous  labyrinth,  or  its  simple  representative  the  audi- 
,  contains,  in  all  animals,  either  solid  or  pulverulent  calca- 
aatter,  in  connection  with  the  termination  of  the  vestibular 
This  has  been  called  by  Breschet  otolithy  or  ear-stone^  when 
5  in  the  osseous  fishes,  and  otoconia^  or  ear-powder^  when  in 
n  of  minute  crystalline  grains,  as  in  mammalia,  birds,  and 
p  but  the  former  term  may  be  conveniently  employed  to 
te  both  varieties.  In  the  mammalia,  including  man,  it  is 
Reumulated  in  small  masses  about  the  termination  of  the 
both  in  the  utriculus  and  sacculus,  and  we  have  found  it 
iringly  scattered  in  the  cells  lining  the  ampullae  and  semicir- 
inals.  In  the  vestibular  sacs,  it  appears  to  be  entangled  in  a 
*very  delicate  branched  fibrous  tissue,. in  connection  with  the 
id  it  is  most  probably  held  in  place  by  cells  within  which. 
Iff  to  Krieger,  (De  OtolitkiSj  BeroL,  1840,)  its  particles  are 
»a.  It  has  a  regular  arrangement,  and  is  not  free  to  change 
3  in  the  endolymph.     Otoliths  consist  always  of  carbonate  of 

£  Vestibular  Jferves, — In  consequence  of  the  thickness  of  the 
the  membranous  labyrinth  where  the  nerves  enter,  and  the 
e  there  of  the  calcareous  and  fibrous  matter,  it  is  not  easy  to 
a  with  certainty  the  precise  manner  in  which  the  nerves  ter- 
In  the  utricle  and  saccule,  they  appear  to  spread  out  from 
ther  as  they  enter,  and  then  to  pass,  some  to  mingle  with  the 
iQS  powder,  others  to  radiate  for  a  small  extent  on  the  inner 
of  the  wall  of  the  cavity,  where  they  come  into  connection 
layer  of  dark  and  closely-set  nucleated  cells,  and  presently 
ir  white  substance.  We  have  seen  a  fibrous  film  on  the  inner 
of  these  parts,  which  we  are  disposed  to  consider  as  formed, 
»  inner  surface  of  the  retina,  by  the  union  of  the  axis^cylin- 
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ders  of  the  nerve-tubes,  but  con6rniatory  observations  are  rn^sM. 

Those  that  traverse  the  calcareous  clusters  have  appeared  tniusii 

I   the  roost  lucid  views  we  have  succeeded  in  oblaining,  to  trcmiiuli 

by    free,    painted    exlr«iuM^ 


Fig.  143. 


wiihout  losing  tlieir  while  nl^ 
slance.  In  the  frog  llui  bl 
bet-n  evident  enoogb. 

The  nervous  twigs  bekin|b{ 
to  Ibe  semicircular  canals  di 
not  seem  lo  advance  bejondtk 
ampullQ3,  in  which  ibeybivei 
remarkable  distribuliou,  cnlfl' 
log  (bem,  as  Sleifemaail  hu 
well  shown,  by  a  traosTerseu 
forked  groove  on  Iheit  conait 
side,  and  which  rcaebe*  iLooli 
third   round.     Within  tbii,lb 

le  mBmbriaaiui  ti-      ncrve    projects  SO  SS  tO  fOIB  " 

icrfimiingihcwui    sorl  of  transversc  bulge  *ilb 

;Sr«^iS;iTur..:;™:"F™  ^S-b/""'""    the  ampulla.     Their  p(«i«l» 

minalinncan  be  best  seen  in  ih 

osseous  fishes,  and  has  been  described  by  Wagner  lo  be  loop-!ikc,« 

will  be  apparent  from  the  adjoined  figure.     We  believe  we  barciw 

Fig.  H4, 


'icw  of  iha  neires  fnin;  la 
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this  mode  of  termination,  though  certainly  never  so  plainly  «l^ 
figure  given  by  this  excellent  author  would  indicate;  and  we  Bi< 
tdd  lUat  we  have  found  free  extremities  lo  the  ncrve-Iubes,  U«>u 
as  loopings,  in  Ihe  ampullEe  of  the  cod.  The  difficulty  in  these  CtM> 
of  Bscerlainiag  the  exact  truth,  arises  from  Ihe  curves  formed  by  ^( 
nerve-tubes  in  proceeding  to  their  destination,  aod  which  are  fubU 
to  be  mistaken  for  terminal  loopings. 
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Of  the  Jluditory  Nerve. — The  porfio  mollis  of  the  seventh  pair  has 
Is  origin  from  the  medulla  oblongata  by  two  roots.  One  penetrates 
jDtbe  central  part  of  the  medulla  oblongata  in  the  same  way,  and  fol- 
lowing the  same  direction,  as  the  portio  dura,  but  passing  to  a  much 
greater  depth  into  its  substance.  The  other  winds  round  the  corpus 
mtiformey  not  penetrating  it,  but  simply  adhering  to  its  surface,  until 
breaches  the  floor  of  the  fourth  ventricle,  where  it  connects  itself 
with  the  olivary  columns,  and  in  many  instances  is  evidently  con- 
Innioas  with  the  white  striae  on  either  side  of  the  calamus  scriptorius, 
wUch  for  that  reason  have  been  very  generally  regarded  as  fascicles 
cf  origin  of  the  portio  mollis. 

'  The  portio  mollis,  when  contrasted  with  the  other  nerves  of  the 
medalla  oblongata,  is  remarkable  for  its  delicacy  of  structure,  a 
dnacter  which  had  attracted  the  attention  of  the  older  anatomists, 
■Ml  b^  reason  of  which  they  had  given  the  nerve  the  appellation 
"boIIis."  It  has  but  a  very  delicate  neurilemma,  and  its  fascicles 
M  loosely  held  together ;  it  seems  strictly  a  direct  prolongation  of 
Ae  white  matter  of  the  brain. 

'  The  portio  mollis  enters  the  internal  auditory  foramen,  and  there 
linns  a  connection  with  the  portio  dura,  by  means  of  a  few  fascicles 
tf  fibres  which  constitute  the  "  portio  intermedia"  of  Wrisberg.  It 
ii  difficult  to  say  whether  this  consists  of  fibres  proceeding  from  the 
iwrfitory  to  the  facial  nerve,  or  from  the  latter  to  the  former.  It  is 
most  reasonable  to  suppose  that  the  muscular  nerve  (the  facial)  sends 
iome  filaments  into  the  labyrinth  to  the  blood-vessels,  and  to  the 
noscular  structure  of  that  portion  of  the  ear. 

At  the  bottom  of  the  meatus,  the  portio  mollis  divides  into  two 
branches,  one  to  the  vestibule  and  semicircular  canals,  the  other  to 
fte  cochlea. 

The  vestibular  nerve  divides  into  three  branches: — the  largest  is 
^ermost,  and  penetrates  the  depression  which  is  immediately  be- 
lund  the  orifice  of  the  aqueduct  of  Fallopius  to  be  distributed  to  the 
Genius,  and  to  the  ampullse  of  the  superior  vertical  and  the  hori- 
*(Krtal  semicircular  canal.  The  second  branch  of  the  vestibular  nerve 
b  distributed  to  the  sacculus,  and  the  third  to  the  posterior  vertical 
•^■aicircular  canal. 

The  cochlear  nerve  penetrates  the  funnel-shaped  depression  at  the 
iWom  of  the  auditory  canal,  and  proceeds  from  it  through  the  nu- 
merous foramina,  by  which  its  wall  is  pierced,  in  a  spiral  manner,  to 
^e  lamina  spiralis  of  the  cochlea. 

The  mode  of  distribution  of  these  nerves  has  been  already  de- 
Kribed. 

The  labyrinth  receives  nerves  from  no  other  source  than  the  portio 
Mollis,  unless  we  suppose  the  portio  intermedia  to  consist  of  filaments 
ftnia  the  facial  which  accompany  the  ramifications  of  that  nerve  into 
ihrtpart  of  the  ear. 

That  the  portio  mollis  is  the  nerve  of  hearing  is  abundantly  proved 
bjthe  following  arguments: — 1.  The  distribution  of  the  nerve  to 
m  internal  ear,  to  which  no  other  nerve  of  any  importance  is  dis- 
tributed.    2.  Its  softness  of  texture  and  cerebriform  character  dis- 
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tinguish  it  fiota  ordinary  nerves  of  sensatloo  or  roolian.  3.  DHult 
slates  of  it,  or  of  parts  imDaedialcly  near  lo  ils  origiu,  aSect  l\x  &eu 
of  hearing,  whilst  a  paralytic  stale  of  the  portio  dura  oi  of  the  £lil 
does  not  affect  the  sense. 

Of  Die  JS'ervous  Apparatus  accessory  to  the  Organ  of  Ibarwgr- 
Besides  the  auditory  nerve  there  are  others  which  influence  iheiudl 
lory  apparatus.  These  are  branches  of  the  poilio  dura,  branciiMt 
the  nerve  of  Jacohsoo,  from  ihe  glosso-pharyngeal,  and  froin  lhe« 
ganglion.  _  .  ,. 

These  nerves  present  a  striking  analogy  with  those  which  mail 
tribuled  to  the  eye. 

The  lympanuin  receives  branches  from  the  facial,  and  glosso[ii 
ryngeal,  and  probably  from  the  sympathetic. 

The  facial,  in  its  passage  through  the  aqueduct  of  Fallopius,  gix 
off  the  chorda  tympani,  which,  however,  seems  to  have  no  pbjwli 
gical  connection  with  the  tympanum  or  its  contents.  The  stapdiii 
muscle  receives  a  branch  from  ihe  facial  nerve.  The  auastomow ■ 
Jacobson  results  from  the  subdivision  of  the  tympanic  branch  of  il 
s!osso-pha ryngeal  nerve,  which  enters  the  cavity  of  the  tympun 
below,  and  passing  over  the  promontory,  gives  off  branches  lo  fl 
membranes  of  the  feneslraB,  and  Eustachian  lube,  and  to  the  M 
ganglion. 

A  branch  is  described  by  Arnold  as  proceeding  from  the  ol 
ganglion  to  the  tensor  tympani  muscle. 

The  external  ear  is  supplied  by  the  facial  nerve  as  regatJ*  i 
muscular  apparatus,  and  by  the  fifth  pair  as  regards  ils  sentient  ni 
faces. 

The  induence  of  the  facial  nerve  upon  the  muscular  appantiu 
the  organ  of  hearing,  whether  tympanic  or  labyrinlhic,  is  naullt 
that  of  the  third  nerve  upon  the  muscles  of  the  eyeball,  or  upoa  i 
iris  and  ciliary  muscle.  And  it  seems  probable  that  while  volitii 
can  exercise  a  certain  influence  upon  the  muscular  appanlut  ■ 
bearing,  that  apparatus  may  likewise  be  excited  to  action  lbfOii{ 
the  physical  stimulus  of  sound  affecting  the  auditory  nerve,  *lu< 
reacting  upon  the  portio  dura  excites  its  fibres  to  a  degree  pwp" 
lionate  to  ihe  intensity  of  the  sound ;  as  Ihe  stimulus  of  lightuKti" 
the  optic  nerve  reacts  upon  the  iris. 

We  shall  now  proceed  to  inquire  into  the  olEce  of  each  parloflli 
complex  organ  of  hearing.' 

*  The  following  points  respecting  [he  laws  of  sound  ahoaU  be  bonte  is  ttllA 
considering  the  olGces  ot  Ihe  various  parts  of  thai  eomplei  acuusiie  &ppar«UUi< 
buman  far. 

1.  Any  irregular  impulse  communicaled  to  Ihe  air  will  produce  a  nouei  mwtt 
sion  o{  impulses  occurring  at  exactt;  equal  intervals  of  time,  and  eiactljr  ii>BU> 
daration  and  intensitf.conaiitiites  a  mualcal tmmd. 

S.  The  rreqnencf  of  repeliiion  necessary  for  the  prnduclion  of  a  conlltiiifd  M 
from  single  impulses  is,  probably,  generally  not  less  than  sixteen  lime*  id  a  sM> 
but  Savart  ihinks  that  some  ears  may  diKimguish  a  lound  resuliing  from  onlf  V* 
eight  vibrations  in  a  second.  On  the  other  hand,  sounds  are  audible  which  coH 
of  E4.000  vibralions  in  a  second.  ^^ 

3.  Sound  may  be  propagated  or  conducted  by  air,  gases,  liquids  aud  M^H 
varioua  degrees  of  rapidity.  ]^H 
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necessary  for  the  reader  to  bear  in  mind  that  the  organ  of 
may  be  affected  in  two  ways :  first,  through  the  external  ear, 
ondly,  through  the  bones  of  the  head.  Every  person  must 
deed  the  difference  in  the  sound  of  the  ticking  of  a  watch  if 
Id  near  the  ear  but  not  in  contact  with  it,  and  if  it  be  held 
the  teeth.  The  waning  note  of  the  vibrating  tuning-fork 
evived  when  the  stem  of  the  fork  is  brought  in  contact  with 
1  or  with  any  part  of  the  head.  These  differences  are  due 
ifference  of  the  medium  through  which  the  sonorous  undula- 
i  made  to  affect  the  auditory  nerve.  In  the  former  instance, 
b  excited  through  the  external  ear,  when  the  watch  is  held 
t  part,  and  through  the  bones  of  the  head,  when  the  watch 
;ht  into  contact  with  the  teeth.  And  in  the  example  of  the 
brk,  the  sound  appears  to  revive  when  it  is  made  to  affect 
ve  through  a  medium  (the  bones  of  the  head)  which  more 
nbrates  in  unison  with  the  most  delicate  oscillations  of  the 
g  body. 

^  the  External  Ear. — The  external  ear  consists  of  two  parts^ 
ic&,  and  the  meatus  auditorius  externus.  The  complete  de- 
mt  of  the  former  is  found  only  in  mammalia,  in  which  class 
!  pretty  generally ;  with,  however,  considerable  diversity  of 
Irving  from  what  appears  to  be  little  more  than  a  mere  carti- 
( lamella  with  a  few  irregularities  upon  its  surface,  enjoying 
any  motion,  to  an  elongated  funnel-shaped  ear-trumpet,  very 
le^  and  completely  under  the  control  of  numerous  large  mus- 

id  travels  through  air  at  the  temperature  of  62^  Fahr.,  at  the  rate  of  1126 

«eoDd. 

id  is  incapable  of  transmission  through  a  vacuum. 

propagation  of  sound  is  the  more  effectively  performed  as  the  medium  of 

lOD  is  more  dense.    Rarefied  air,  gases  of  low  density,  and  soft  solids,  are 

6t  conductors  of  sound  than  much  denser  materials  of  the  same  kind. 

distinguish  in  sounds,  I,  the  pitch  ;  2,  the  intemity  or  loudness ;  3,  the  quality 

eh  of  the  sound  depends  on  the  rapidity  with  which  the  vibrations  succeed 
r,  aod  any  two  sounds  produced  by  the  same  number  of  vibrations  or  im- 
the  same  time,  are  said  to  be  in  unison. 
odness  or  intensity  depends  upon  the  violence  and  extent  of  the  primitive 

ality  is  supposed  by  Her^chel  to  depend  on  the  greater  or  less  abruptness 
)iilses;  or  generally  on  the  law  which  regulates  the  excursions  of  the  mole- 
;iiially  set  in  motion. 

velocity  with  which  sound  travels  is,  however,  quite  independent  of  its 
or  of  its  tone ;  sounds  of  every  pitch,  and  of  every  quality,  travel  with  the 
ed  through  the  same  medium,  as  is  proved  by  the  laci,  that  distance  does 
ry  the  harmony  of  a  rapid  piece  of  music  played  by  a  band. 
er  propagates  sound  with  much  greater  velocity  than  air  does.  Colladon 
;,from  numerous  observations,  that  the  velocity  of  sound  in  water,  at  40^ 
8  at  the  rate  of  470S  feet  in  a  second. 
M)rding  to  Biot,  cast-iron  propagates  sound  at  the  rate  of  11,090  feet  in  a 

torons  undulations,  in  passing  from  one  medium  to  another,  always  ex- 

m  partial  reflection,  and  when  they  encounter  a  fixed  obstacle,  they  are 

loliy  reflected.    The  reflection  of  sound  occurs  according  to  the  same  law 

plates  the  reflection  oflight, — namely,  the  angle  of  reflection  is  equal  to  the 

neidence. 

e  phenomena  of  echoes  result  from  the  reflection  of  sound  from  any  promi- 
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eles.  Man  and  the  quadrumana  are  at  one  extremity  of  thisRft; 
the  solipeds,  the  ruminants,  and  the  bals  al  the  other. 

That  the  auricle  performs  the  office  of  an  acoustic  instruniMH 
collect  and  reinforce  the  sounds  which  fall  upon  it,  cannot  beJonbltJ 
in  those  cases  in  which  it  is  large  and  fully  developed,  as  in  lli 
horse,  ass,  &c.  These  animals  employ  il  as  we  might  expi-clnd 
an  instrument  would  be  used  ;  the  open  part  is  directed  towanliili 
quarter  whence  the  sound  comes,  and  continues  so  directed  ailM 
as  the  animal  appears  to  listen. 

Savart's  experiments  illustrate  the  manner  in  which  an  instnwi 
like  the  external  ear  may  contribute  lo  the  propagation  of  souuil  I 
the  interna]  ear.  When  a  thin  membrane  is  stretched  in  a  horiionli 
direction  over  the  mouth  of  a  glass  or  other  hollow  vessel,  it  mij  I 
made  to  vibrate  by  holding  near  it  a  glass  thrown  into  vibration  I 
passing  a  violin  bow  across  it.  The  vibrations  of  the  paper  u 
easily  demonstrated  by  the  movements  of  particles  of  Ene  sand,  i 
lycopodium  powder  strewed  upon  it.  The  sand  arranges  itself  iai 
certain  very  definite  figures,  the  shape  of  which  is  determined  lij  tl 
position  of  the  lines  of  repose,  or  nodal  lines,  over  which  lie  «M 
accumulates.  These  phenomena  may  be  shown  in  the  membru 
lyiupani  itself,  by  scattering  a  little  sand  upon  it,  the  osseous  tatta 
having  been  previously  cut  away.  When  the  vibratinz  gluj 
brought  near  to  it,  the  movement  of  the  particles  of  sand  aflorussul 
cient  evidence  of  the  vibration  excited  in  the  tympanic  membniu 
but  owing  to  the  slight  extent  of  the  membrane  it  is  imposatile  I 
determine  the  existence  of  any  nodal  line. 

Sarart  imitated  the  tympanic  membrane,  and  the  external  an£l« 
apparatus  by  a  hollow  cone  of  paste-board;  across  the  oartovt) 
tremity  some  thin  paper  was  stretched.  When  the  vibraliog  glt< 
was  brought  near  to  the  narrow  end,  movements  of  a  slight  kit 
were  excited  in  the  paper,  but  when  the  glass  was  brought  lo  ft 
wide  extremity  of  llie  cone,  much  more  extensive  moveneit)  Ttt 
excited  in  the  paper;  although  now  the  glass  was  much  more  AMI 
from  the  paper  than  previously. 

This  result  might  have  been  due  chiefly  to  one  of  two  ismm 
namely,  either  to  the  concentration  of  the  sonorous  unduIatiNS  b; 
the  walla  of  the  cone,  or  to  the  excitation  of  vibrations  in  Sie*»ll 
of  the  tube,  which  would  be  propagated  directly  to  the  papti;  M 
Savarl  showed  by  the  following  simple  experiment  that  ibt  Utii 
cause  was  obviously  the  most  effective.  He  prepared  a  second  wnto 
tube  open  at  both  ends,  and  having  placed  ihe  narrow  «ad  of  tti 
tube  very  near  the  paper  on  the  former  one,  but  not  in  cotitact  mA* 
he  found  that  vibrations  were  excited  on  the  paper  by  bringing  ti 
vibrating  glass  near  to  the  wide  end  of  the  second  tube,  but  Ibi 
these  vibrations  were  not  nearly  so  extensive  as  when  the  glass* 
brought  near  to  the  wide  extremity  of  the  tube  with  which  toe  p^ 
was  connected. 

Hence  Savart  inferred  that  the  external  car  and  meatus  werepu 
adapted  to  enter  into  vibrations  in  unison  with  those  of  the  air,  or 
any  liquid  or  solid  vibrating  medium  which  might  be  brought  in  cdi 
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tact  with  the  auricle ;  and  he  suggested  that  the  latter  part,  in  the 
human  subject,  by  the  variety  of  direction  and  inclination  of  its  sur- 
fiices,  could  always  present  to  the  air  a  certain  number  of  parts  whose 
Ifirection  is  at  right  angles  with  that  of  the  molecular  movement  of 
ftat  fluid,  and  therefore  in  the  roost  favourable  circumstances  for  en- 
fering  into  vibration  with  it. 

We  get  a  general  notion  of  the  value  of  the  external  part  of  the 
nditory  apparatus  in  collecting  and  directing  the  sonorous  undula- 
fioos,  from  the  assistance  often  derived  in  hearing  by  placing  the 
kttd  behind  the  external  ear,  so  as  to  increase  its  concavity ;  and  by 
fte  dolness  of  hearing,  which  it  is  said  follows  the  loss  of  the  auricle. 
Xeroer  states  that  the  loss  of  the  auricle  is  followed  by  the  greatest 
dibess  of  hearing  in  those  animals  in  which  the  osseous  meatus  is 
toting.  In  a  cat  from  which  the  right  ear  was  cut  away  close  to 
ttie  skoil,  after  the  wound  had  healed  without  any  stoppage  of  the 
taeitos,  there  was  a  remarkable  disposition  always  to  keep  the  head 
Ivned  80  as  to  be  ready  to  receive  sounds  with  the  left  ear,  and  this 
tootinaed  even  after  the  left  tympanic  membrane  was  perforated,  the 
n^t  remaining  whole;  and  when  the  left  ear  was  stopped,  (although 
4c  right  tympanic  membrane  was  sound,  and  the  only  injury  on  that 
■de  was  tne  removal  of  the  auricle,)  a  total  deafness  was  manifested 
Ocept  to  the  loudest  and  clearest  sounds. 

The  Tympanum  and  its  Contents. — We  have  already  stated  that 
oiTart  had  demonstrated  experimentally  upon  the  membrana  tympani 
iMf,  that  that  membrane  can  be  thrown  into  vibrations  by  undula- 
tens  of  the  air  excited  by  a  sonorous  body.  In  a  second  experiment, 
fte  ca?ity  of  the  tympanum  was  opened,  so  as  to  expose  the  ossicles 
of  the  ear  and  their  muscles ;  and  it  was  observed  that  when  the  in- 
tanos  mallei  muscle  acted  and  rendered  the  membrane  tense,  it  was 
feseb  more  diflScult  to  produce  manifest  movements  in  the  grains  of 
*^;  thus  aflbrding  much  reason  to  suppose  that  the  tensor  tympani 
^ucle  is  analogous  in  its  use  to  the  iris,  and  destined  to  protect  the 
<i(gin  from  too  strong  impressions.  These  experiments  can  be  best 
^>^  on  the  membrana  tympani  of  the  calf. 

Id  imitation  of  the  mechanism  by  which  the  tension  of  the  mem- 
JJJW  tympani  is  eflfected,  and  with  a  view  to 
J|^«nnine  more  decisively  the  eflfects  produced 
PI  ^nation  of  the  tension  of  that  membrane,  Sa- 
JJ^rt  constructed  a  conical  tube  (fig.  145),  with 
™«pcr  truncated  and  covered  by  a  layer  of  very 
T**  paper,  m,  which  was  glued  to  the  edge  of 
J*  opening.  A  little  wooden  lever,  Z,  Z,  intro- 
TOcea  through  an  opening  in  the  side  of  the  tube, 
•M  resting  on  the  lower  margin  of  this  opening, 
^Ma  fulcrum,  was  used  to  vary  the  tension  of  the 
■>«iDbrane,  one  of  its  extremities  being  applied 
to  the  under  surface  of  the  membrane.  By  depressing  the  extremity 
of  the  lever  external  to  the  tube,  the  inner  one  is  raised,  and  thus  the 
nembrane  stretched  to  a  greater  or  less  degree,  according  to  the 
brce  used ;  on  the  other  hand,  by  elevating  the  outer  extremity,  the 


Fig.  145. 
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inner  one  is  separated  from  the  membrane,  which  is  accoidin^] 
I  alored  to  lis  original  tension.  This  little  lever  is  an  imilalion  of  tl« 
I  bandle  of  the  malleus,  which,  under  the  inQuence  of  its  muscln, 
Louses  the  varialion  In  the  tension  of  the  membrana  tympani,  He 
I  artificial  tympanic  membrane  having  been  then  covered  with  i  lijo 
I  of  sand,  it  was  found,  that,  under  the  influence  of  a  vibrating  glai| 
I  used  as  in  the  former  experiments,  a  manifest  difference  was  pro- 
I  duced  in  the  movements  of  the  grains  of  sand,  hy  increasing  thettt- 
I  fion  of  the  paper;  the  greater  the  tension,  the  less  the  faeigiii  lo 
'  which  the  grains  of  sand  were  raised;  and  these  movement! TOt 
I  most  extensive  when  the  lever  was  withdrawn  from  contact,  and  Ik 

iDembrane  left  to  itself. 

From  these  experiments  Savart  concludes  that  the  membrana  ira- 
'  pani  may  be  considered  as  a  body  thrown  into  vibration  bjtheur, 
i  ^nd  always  executing  vibrations  equal  in  number  lo  those  nf  tin 
\  flonorous  body  which  excites  the  oscillations  of  the  air.  But  whil 
I  is  the  condition  of  the  ossicles  of  the  tympanifm  whilst  the  membruf 
[  is  thus  in  vihtation?     The  result  of  the  following  experiment  iSbnii 

a  clue  to  the  answer  to  this  question.     To  a  membrane  slretcheJ  ore 

a  vessel,  as  in  fig.  146,  a  piece  of  wood,  a,  6,  uniform  in  thiclooi, 


Fig.  148. 


Fig.  147. 


is  attached,  so  that  the  adherent  part  shall  extend  from  the  circoiD- 
ference  to  the  centre  of  the  membrane,  while  the  free  porljon  mij 
project  beyond  the  circumference.  When  a  vibrating  glass  is  brougll 
near  this  membrane,  very  regular  figures  are  produced,  oalifioi. 
however,  hy  the  adhesion  of  the  piece  of  wood,  and  the  vibratioruw 
the  membrane  are  communicated  to  the  wood,  on  which  likfWt 
regular  figures  may  be  produced.  The  more  extensive  the  membruti 
I  the  longer  and  ihiclcer  may  be  the  piece  of  wood  in  which  A  "i 
excite  oscillations,  and  Savart  stales  that,  with  membranes  of » con- 
siderable diameter,  he  has  produced  regular  vibrations  in  roils « 
glass  of  large  dimensions.  The  oscillations  of  the  piece  of  wood «« 
much  more  distinct  when  the  adherent  portion  is  thinned  do«n,M 
in  c,  d,  fig.  147,  by  which  it  becomes  more  completely  identified  wi 
the  membrane;  the  oscillations  of  this  latter  are  communicated  <fr 
rectly  lo  the  thinned  portion  of  the  wood,  and  thence  propagated  W 
the  thick  portion,  a .'  sand  spread  upon  a  will  exhibit  active  IneT^ 
menis,  and  will  indicate  very  distinct  nodal  lines.  Hence  it  maj  « 
inferred  that  the  malleus  participates  in  the  oscillations  of  the  tjm* 
panic  membrane;  and  these  vibrations  must  be  propagated  lo  'te 
incus  and  stapes,  and  thus  to  the  membrane  of  the  fenestra  ovald. 
The  chain  of  ossicles  then  evidently  performs  the  ofHce  of  a  conductw 
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r  oscillations  from  the  membrana  tympani  to  the  membrane  of  the 
Aestra  ovalis ;  but  the  malleus  likewise  has  the  important  function 
iider  the  influence  of  its  muscles  of  regulating  the  tension  of  the 
rnpanic  membrane ;  and  to  allow  of  the  changes  in  the  position  of 
lis  bone  necessary  for  that  purpose,  we  find  it  articulated  with  the 
iCQs  by  a  distinct  diarthrodial  joint,  and  between  this  latter  bone 
pin  and  the  stapes  there  exists  another  and  a  similar  joint.  This 
Mbility  then  of  the  chain  of  bones,  and  the  muscular  apparatus  of 
M  malleus  and  stapes  have  obvious  reference  to  the  regulation  of 
M  tension  of  the  membrane  of  the  .tympanum  as  well  as  of  that  of 
le  fenestra  ovalis. 

We  have  alreadj^  seen  how  the  muscle  of  the  malleus  regulates  the 
lembrana  tympani,  increases  its  tension,  and  thus  limits  the  extent 
f  the  excursions  of  its  vibrations.  The  contraction  of  the  stapedius 
nicle  causes  the  base  of  the  stapes  to  compress  the  membrane  of  the 
aestra  ovalis  to  a  greater  or  less  extent,  so  that  the  degree  of  ten- 
m  of  that  membrane  depends  on  the  condition  of  this  muscle. 
EoBpression  exerted  upon  the  membrane  of  the  fenestra  ovalis  ex- 
avis  to  the  perilymph,  and  through  it  is  propagated  to  the  membrane 
f  the  fenestra  rotunda,  and  in  this  way  the  same  apparatus  which 
Bgolates  the  tension  of  the  membrane  of  the  fenestra  ovalis  performs 
Mt  oflBce  for  that  of  the  fenestra  rotunda,  and  Savart  has  devised  an 
pparatus  which  very  prettily  illustrates  the  manner  in  which  this 
itjtake  place.  In  a  disc  of  wood  (a, 
»  fig.  148)  of  sufficient  thickness,  he  Fig-  i^s. 

oDows  out  two  cavities,  o  and  r,  which  ^ .^^ 

ommunicate  at  their  bottoms  with  each         /^         ^     ^-.][\ 
Iher  by  a  narrow  canal  (c)  hollowed  in        f  ^^;;:r--"v/^7^  \ 
le wood,  but  not  open  on  its  surface;        Vv^^^^**^    I     ^^=^ J 
thin  membrane  is  extended  over  each        ^^^^^^^^         ^^^^^ 
f  the  cavities.     Thus,  the  air  contained  ^"^^         "^^^^ 

I  tteae  cavities  may  pass  easily  from 

ie  to  the  other,  and  mav  always  maintain  the  same  degree  of  elastic 
Bttion  in  both.  If  a  vibrating  glass  be  brought  near  the  membrane 
fCOfered  with  a  layer  of  sand,  it  will  be  found  to  enter  freely  into 
ihation,  as  evinced  by  the  active  movements  of  the  grains  of  sand. 
^Mw,  pressure  be  made  on  o  with  the  finger,  r  will  become  convex 
^proportion  as  o  is  rendered  concave  by  the  pressure,  and  when  in 
b  convex  state,  the  movements  of  the  sand  upon  it  will  be  much 
en  considerable  than  before,  presenting  an  effect  precisely  similar  to 
■t  produced  on  the  tympanic  membrane  by  an  increase  of  tension. 
^I^QSjthe  extent  of  the  excursions  of  the  vibrations  of  the  membrane 
t  tt  limited  by  the  pressure  exerted  upon  o,  and  as  the  membranes 
fthetwofenestne  are  related  to  each  other  in  an  analogous  manner, 
^cmay  argue  that  pressure  upon  the  membrane  of  the  fenestra  ovalis 
^  occasion  tension  of  that  of  the  fenestra  rotunda,  thereby  limiting 
^^  extent  of  the  excursions  of  its  vibrations.* 

*  All  these  experiments  have  been  frequently  repeated  and  exhibited  by  us,  with 
^stme  results  as  those  stated  in  the  text. 
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Moreover  it  appears,  upon  reference  to  the  aQatomjr  ornmjniH^ 
I  fiat  the  only  muscles  which  have  been  satisfactorily  demonitntal 
Lare  tensors  of  Ihe  tympanum;  and  ihat  at  whichever  extrcmitv  of  lit 
rchain  of  ossicles  muscular  effort  be  first  exerted,  a  correspruJirEj 
f  effect  will  be  produced  at  the  other;  thai  when  llie  staprdiiis mwlt 
r Bcts,  the  malleua  is  thrown  into  a  position  favourable  lo  thi^ttnani 
[  6f  Ihe  merabrana  lympani,  and,  on  the  other  hand,  Ihe  conlrattiott! 
I  the  inlernus  mallei  depresses  Ihe  stapes,  and  consequently  incniai 
I  fbe  tension  of  the  membranes  of  the  two  fenestra.  The  cessatioiid 
[  muscular  action  restores  all  three  membranes  to  ttielr  original  laiilj, 
1  nor  does  it  appear  that  they  admit  of  any  further  degree  of  relinlia 
I  through  the  influence  of  any  vila)  process.  The  incus  formsabori 
of  union  between  the  two  other  bones,  and  its  motions  depend  n- 
I  tirely  upon  theirs  in  consequence  of  its  articulation  wiih  both,  irtlif 
[  from  the  lixedness  of  its  connection  with  the  mastoid  cells,  a«  ml) H 
I  from  ils  intermediate  position  and  want  of  muscular  attiicbineiil,ill 
I  motions  must  obviously  be  much  more  limited  than  those  oftbenllw 
bones.  Its  use  seems  to  be  to  complete  Ihe  chain  in  such  a  nasse, 
r  (hat  by  reason  of  its  double  articulation  with  the  malleus  on  ihcm 
[  hand  and  the  stapes  on  ihe  other,  the  tension  of  the  tympanic  me* 
'  hranes  may  be  regulated  without  any  sudden  or  violent  motion,  wbiti 
I  could  scarcely  be  avoided  were  the  conductor  between  the  membnw 
[  of  the  tympanum  and  fenestra  ovalis  but  one  piece  of  bone. 
I  The  mobiliiy  of  the  tympanic  bones  has,  however,  a  further  a«,ii 
f  Miiller  suggests;  namely,  to  favour  the  oscillations  of  (he  roembrsBi 
[  tympani,  by  allowing  the  approximation  of  ihe  two  exlromitiescftl' 
I  chain  of  bones.  And  this  opinion  is  strengthened  by  Ihe  fscU  rf 
[  comparative  anatomy,  for  the  ossicles  have  moveable  articutaliow  i» 
I  the  frog,  as  in  man,  although  Ihey  have  no  muscles  attached  (n  tktst- 
I  The  addition  of  a  cavity  filled  with  air  outside  the  labyrinib  Ifmi 
I  twofold  use.  First,  to  preserve  uniformity  of  temperature  in  l!ie«r 
I  immediately  in  contact  with  Ihe  fenestral  membranes.  Werellit« 
L  membranes  situate  on  Ihe  exterior  of  ihe  head,  and  exposed  lo  tie 
I  surrounding  atmosphere,  they  would  be  constantly  undergoing chugn 
['  in  their  elastic  stale,  under  Ihe  influence  of  atmospheric  vieiwlauef. 
f  The  air  which  accumulates  in  the  tympanum  and  mastoid  ceII»,W» 
I  its  way  into  them  only  through  the  Eustachian  lubes,  and  »il  *** 
F  not  readily  change  its  position,  it  is  well  placed  for  matnta'miBf  * 
\  temperature  equal  lo  that  of  the  body.  Secondly,  the  action  of  ik< 
Kihain  of  ossicles  as  conductors  is  materially  enhanced  by  their  beinf 
I  completely  surrounded  by  air.  The  insulation  of  a  solid  bodvfcji 
I"  different  medium  renders  it  a  better  propagator  of  sound  ;  for  the  tw> 
I  toundiog  medium  will  obviate  ihe  dispersion  of  sound,  and  T& 
I   iavour  ils  retention  in  Ihe  solid  conductor. 

I        It  results  from  Savart's  espertmenls,  that  tension  of  the  membnM 

L  fympani  is  unfavourable  generally  to  the  propagation  of  sound*, »; 

f  pecially  of  those  of  a  low  pitch.     By  rendering  Ihe  membrana  tynpiii 

tense  in  one's  own  person,  the  correctness  of  this  statement  inajlit 

readily  ascertained.     In  blowing  the  nose  forcibly,  air  is  forced  into 

the  tympanum,  and  its  membrane  is  rendered  convex  and  len«,aoJ 
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le  must  have  experienced  the  temporary  clearness  which  re- 
ifter  such  an  effort.  The  tympanic  membrane  may  also  be 
1  tense  by  forced  inspiration,  the  nose  and  mouth  being  kept 
Jnder  these  circumstances  the  tympanic  cavity  is  exhausted, 
membrane  rendered  tense  by  the  pressure  of  the  external  air. 
scending  in  the  diving  bell,  the  membrane  of  the  tympanum 
red  painfully  tense  by  the  increased  pressure  of  the  air,  and 
t  of  counter  pressure  from  within.  This  tension  may  be  so 
even  to  cause  rupture  of  the  tympanic  membrane  in  some 
ut  it  may  be  obviated  by  acts  of  swallowing,  during  which 
mal  air  is  driven  into  the  tympana  along  the  Eustachian  tubes, 
the  tense  state  of  the  membrane,  hearing  is  impaired ;  M. 
Q  found  that  the  voices  of  his  companions  and  of  himself  were 
istinctly  heard. 

(Tollaston  performed  many  experiments  upon  the  effects  of 
of  the  membrana  tympani,  and  he  found  that  deafness  to 
otes  was  always  induced,  which,  as  most  ordinary  sounds 
Gi  low  pitch,  is  tantamount  to  a  general  deafness.  Shrill 
however,  afe  best  heard  when  the  tympanic  membrane  is 
Miiller  remarks,  and  we  have  frequently  made  the  same  ob- 
D,  that  the  dull  rumbling  sound  of  carriages  passing  oyer  a 
or  of  the  firing  of  cannon,  or  of  the  beating  of  drums  at  a 
,  ceases  to  be  heard  immediately  on  the  membrana  tympani 
ig  tense;  while  the  treading  of  horses  upon  stone  pavement, 
s  shrill  creaking  of  carriages,  and  the  rattling  of  paper,  may 
ictly  heard. 

>bject  of  the  Eustachian  tube  Is  chiefly  to  allow  the  free  in- 
air  into  the  tympanic  cavity,  in  order  to  provide  for  the  due 
1  of  the  membrana  tympani  and  of  the  chain  of  bones.  It 
permitting  a  free  egress  of  air,  renders  the  tvmpanum  a  non- 
Btiog^  cavity,  and  therefore  obviates  the  production  of  echoes 
bich  would  materially  interfere  with  perfect  hearing.  The 
ice  of  the  Eustachian  tube  to  the  integrity  of  hearing  is  well 
o  all  practical  men,  by  the  deafness  which  always  accompa- 
onic  or  acute  disease  of  the  tonsils,  or  occlusion  of  the  canal 
abe  from  any  other  cause. 

dea  of  Boerhaave,  and  of  Bressa,  that  sounds  from  without 
ater  the  mouth,  or  the  sounds  of  one's  own  voice,  were  con- 
ij  the  Eustachian  tube  to  the  labyrinth,  is  disproved  by  the 
xperiment  of  holding  a  sounding  tuning-fork  or  a  watch  in 
.  mouth,  when  it  will  be  always  found,  if  due  care  be  taken  to 
intact,  that  the  sounds  proceeding  from  them  are  not  so  well 
i  those  from  without,  and  the  nearer  thev  are  brought  to  the 
ian  tube  the  less  distinctly  are  they  heard.  Indeed  it  mav  be 
loticed  that  persons  deaf  from  obstruction  of  the  Eustachian 
ir  the  sounds  of  their  own  voices  well. 
«  Labyrinth. — The  essential  part  of  the  organ  of  hearing  is 
)bult.  This  is  sufficiently  proved  by  the  constancy  of  this 
he  animal  series,  and  by  its  central  position  in  the  most  com- 
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plex  ears,  so  that  it  is  in  close  relation  not  only  with  the  other  pm 
of  the  labyrinth,  but  also  with  the  lympanum. 

Sound  is  conveyed  to  the  labyrinth  in  a  threefold  manner;  firtf.lij 
the  chain  of  bones;  secondly,  by  the  air  in  the  Ijmpaaic  p»vitj;ii 
bclh  these  instances  the  external  air  is  engaged  in  the  coaJutiiffl; 
and  thirdly,  through  the  bones  of  the  head. 

MClller  has  shown,  by  a  very  interesting  experiment,  thai, 
the  air  in  the  tympanum  conducts  sound  to  the  cochlea  throa^di 
fenestra  rotunda,  the  chain  of  bones  forms  a  much  better  coDdMK' 
of  it  lo  the  vestibule  through  the  fenestra  ovalis.  He  imtlaU^V 
structure  of  the  tympanum  by  means  of  a  glass  cylinder,  two  iwll 
and  one-third  in  diameter,  and  six  inches  long;  to  the  ueckof' 
he  fixed  a  wooden  tube,  the  diameter  of  whose  bore  was  eighlDi 
The  upper  end  of  this  tube  was  adapted  to  the  mouth  of  u\t  a 
flute-pipe  of  an  organ,  one  fool  in  length;  its  lower  extremity  --— 
covered  with  a  tense  membrane  of  pig's  bladder,  which  rejiresal 
the  membrana  tympani,  the  tube  itself  corresponding  to  the  D 
externus,  and  (he  cavity  of  the  glass  cylinder  to  the  tympaoom. 
lower  opening  of  the  glass  cylinder  was  closed  by  a  thick  ^tU 
cork,  in  whi^h  two  holes  were  cut  equidistant  from  the  watli  of 
cylinder.  In  these  holes,  which  represented  the  feoestrre,  two«oi 
tubes  were  fitted,  whose  outer  openings  were  covered  with  oiraila 
From  the  membrane  of  the  upper  tube  to  one  of  these  memboB^ 
rod  was  extended  to  imitate  the  chain  of  tympanic  bones  ei 
between  the  membrane. 

The  lower  extremity  of  this  apparatus  (thai,  namely,  whici 
fitted  with  cork)  was  now  introduced  into  water,  to  imitate  ibii 
nection  between  the  lympanum  and  the  labyrinth  in  wbich  sons 
conducted  from  air  to  liquid.  Miiller,  having  plugged  his  ean,i 
by  means  of  a  sounding-rod  applied  in  succession  to  the  men 
of  each  of  the  artificial  feneslne,  ascertain  the  relative  intenutyi 
sonorous  vibrations  communicated  to  the  water  through  the  tvo' 
ings,  while  another  person  sounded  the  pipe.  He  slates  ft* 
diiierence  was  very  striking.  The  sound  transmitted  by  the  w 
rod  to  the  opening  which  represented  the  fenestra  ovalis,  ml 
remarkable  degree  louder  than  that  propagated  through  the  airl 
cavity  to  the  membrane  of  the  other  opening. 

The  results  of  this  experiment  lead  lo  the  conclusion  (whicl' 
circumstances  confirm],  that  the  vestibule  is  adapted  to  receive ai 
from  the  tympanic  membrane  and  external  ear,  wbtle  the  corbL 
not  easily  anected  in  this  manner,  but  rather,  as  its  structUR 
connections  point  out,  that  tt  is  fitted  to  receive  vibrations  tkl 
the  bones  of  the  head. 

The  direct  continuity  of  the  walls  and  the  septum  {laminate 
of  the  cochlear  canal,  with  the  petrous  bone,  and  the  minute 
vision  of  the  nerve  in  distinct  canals  in  the  osseous  substance, 
that  portion  of  the  labyrinth  most  readily  affected  by  the 
excited  in  the  cranial  bones.  The  cochlea  may  therefore  be  pn 
considered  as  that  part  of  the  labyrinth  which  is  more  imini 
affected  by  sounds  communicated  throagfa  the  bones  of  jhtj 
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stibule  is  the  part  torimarily  affected  by  the  sounds  communi- 
through  the  external  ear. 

lay  be  easily  shown  by  some  experiments  with  the  tuning-fork, 
aIt  that  the  cranial  bones  do  condudt,  bat  also  that  sounds 
ble,  or  imperfectly  audible,  through  the  meatus  externus,  may 
tinctly  heard  when  the  sounding  body  is  brought  into  contact 
hone  of  the  cranium  or  face.  When  the  tuning*fork  is  thrown 
ibration  by  striking  it  against  any  solid  body,  if  held  near  the 
lal  ear  its  vibrations  are  distinctly  heard,  but  let  the  stem  be 
d  to  the  teeth,  or  to  the  upper  jaw,  or  to  the  parietal  bone, 
le  sound  appears  much  louder;  or  if  the  fork  be  held  near  the 
ibl  the  sound  has  almost  died  away,  and  then  its  stem  be  ap- 
te  the  superior  maxilla,  or  to  the  teeth,  the  sound  seems  to 
r^  and  continues  for  a  considerable  period  while  the  stem  is 
n  contact  with  the  bone. 

t  form  of  the  cochlea  probably  has  reference  to  the  convenient 
ge  within  the  smallest  compass  of  the  great  number  of  nerve 
wbich  proceed  to  it. 

I  remarkable  subdivision  which  the  cochlear  nerve  undergoes, 
ibly  adapts  it  for  the  reception  of  vibrations  communicated 
^  the  cranial  bones.  ^^The  spiral  lamina  of  the  cochlea,"  says 
r^  *'mast  be  regarded  as  a  surfoce  upon  which  all  the  fibres  of 
dilear  nerve  are  spread  out,  so  as  to  be  nearly  simultaneously 
id  to  the  impulse  of  the  sonorous  undulation,  and  simultaneously 
a  into  the  maximum  state  of  condensation,  and  again  into  the 
mm  state  of  rarefaction."  ^'  This  spreading  out  of  the  nerve 
■pon  the  lamina  spiralis,  insures  a  more  complete  participation 
fibres  in  the  impulses  communicated  by  the  solid  parts  of  the 
»•"  Moreover,  ^^  the  intensity  with  which  sonorous  undula- 
ire  communicated  to  a  body,  is  proportionate  to  the  extent  of 
h  over  which  they  can  act  on  it.  Thus,  when  a  sound  is  ex- 
m  water,  and  is  conducted  to  the  stopped  ear  by  means  of  a 
ke  intensity  of  the  sound  beard  increases  with  the  depth  to 
I  tlie  rod  is  immersed  in  the  water,  or  with  the  extent  in  which 
i  contact  with  the  surface  of  the  water."* 
■  fluid  in  the  scalse  of  the  cochlea,  with  the  heliootrema  or  orifice 
htnanication,  must  facilitate  the  vibrations  of  the  lamina  spiralis, 
fe  have  already  assigned  to  the  cochlearis  muscle  a  protective 
r  Ae  cochlear  nerves. 

i  {HoUths. — The  earthy  particles,  which,  either  as  pulverulent 
■yOr  aa  hard  porcelainous  stones,  are  connected  with  the  nerves 
1^  membranous  labyrinth,  must  reinforce  the  sonorous  undula- 
30nd  communicate  to  the  membranous  labyrinth  and  its  nerves 
lary  impulses  of  greater  intensity  than  the  perilymph  alone  could 
I.  In  illustration  of  this,  MiiUer  mentions  that  sonorous  undu- 
k  in  water  are  not  perceived  by  the  hand  itself  immersed  in  the 
^bnt  are  felt  distinctly  through  the  medium  of  a  rod  held  in  the 

I 

■Hm's  Fbjrsfologf,  by  Baly,  toL  iL  p.  1S94.    Dr.  YovDg  regarded  the  cochlea 

jcCTistir  of  toond. 
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also  illusi 
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hand.  The  experiment  of  Camper 
with  waler  and  place  a  stone  or  some  other  hard  body  in  it.  lb 
slighlest  impulse  communicated  to  the  bladder  disturbs  lliestw, 
which  consequently  produces  a  greater  impression  on  thehiuiiltf 
which  the  bladder  is  supported. 

The  Semicircular  Cannls. — There  is  nothing  known  of  (he  funcUM ' 
of  the  semicircular  canals.  Yet  their  almost  conslnnt  exi$l«ic», md 
nearly  constant  number  evince  their  physiological  imporlaDCc.  k 
most  cases  of  congenital  deafness  they  are  found  defective. 

Their  constancy  in  the  higher  animals  of  number,  and  ofpoaili* 
which  is  such  that  they  correspond  to  the  ihree  dimensions oftnk 
its  length,  breadth,  and  depth,  suggested  to  Aulenricih  and  Kctc 
the  opmion  that  Ihey  are  the  parts  concerned  in  conveying  i  hi* 
ledge  of  the  direction  of  sounds,  a  view  which  is  also  adn>c»iriil 
Wliealstone.  The  latter  philosopher  conceives  that  we  distinj* 
best  the  direction  of  those  sounds  which  are  suRicienlly  intnx* 
ft^ect  the  bones  of  the  head,  and  that  it  is  from  (he  vibrationi *lit 
are  transmitted  through  these  bones  that  our  perception  of  Ihediw 
tion  is  obtained.  The  three  canals  being  situate  in  planes  »tii^ 
angles  with  each  other  are  afTected  hy  the  sounds  transmitted  ibw 
the  bones  of  the  head  with  different  degrees  of  intensity,  iCCwiM 
to  the  direction  in  which  the  sound  is  transmitted;  fotinstitW^ 
the  sound  be  transmitted  in  the  plane  of  any  one  canal,  the  nn'* 
matter  in  that  canal  will  be  more  strongly  acted  on  than  that  iadlto 
of  Ihe  other  two;  or  if  it  be  transmitted  in  the  plane  int«rni«ii* 
between  the  planes  of  this  canal  and  the  adjacent  one,  ihettW"* 
intensity  with  which  those  two  canals  will  be  airecled  will  A^ 
upon  the  direction  of  the  intermediate  plane.  The  direction  sugf" 
to  the  mind  will  correspond  with  the  position  of  Ihe  canal  itponiln' 
the  strongest  impression  has  been  made. 

There  are  remarkable  differences  in  the  range  of  the  sense  ofli"^ 
ing  in  different  individuals,  analogous  to  the  ditlerences  in  tbepo'" 
of  vision  with  regard  lo  colours.  Some  persons  are  insenaH'" 
certain  sounds,  which  are  familiar  to  other  ears,  as  some  are  vV'* 
to  see  particular  colours.  The  limits  of  audition  in  diffcrenl  iw^'"' 
dunls  may  partly  depend  on  the  condition  of  the  auditory  nfrT*,*"" 
partly  upon  (he  size  of  the  merabrana  lyrapani.  It  is  probibl'''* 
animals  with  very  large  raembranffi  tympani  can  hear  much  p"" 
sounds  than  man.  The  artificial  tension  of  the  membrana  tyBf** 
alluded  to  at  a  former  page,  is  capable  of  inducing  insensihili^ 
sounds  of  a  grave  character,  as  l)r.  Wollaston  has  shown,  l" 
ordinary  range  of  human  hearing  comprised  between  the  lowestin^ 
of  the  organ,  and  the  highest  known  cry  of  insects,  includes,  tteoiH 
to  Wollaston,  more  than  nine  octaves,  the  whole  of  which  »«^ 
tinctly  perceptible  by  most  ears.  Dr.  Wollaston  has,  however,  it!iW 
some  eases  in  which  the  range  was  much  less,  and  limited  astep|" 
the  perception  of  high  notes;  in  one  individual,  the  sense  of  h«f*t 
terminated  at  a  note  four  octaves  above  the  middle  e  of  the  p'^^ 
forte;  this  note  he  appeared  to  hear  rather  imperfectly,  but  l*"' 
above  it  waa  inaudible,  although  his  hearing  in  other  respMts  W 
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set  as  that  of  ordinary  ears;  another  6ase  was  that  of  a  lady  who 
d  never  hear  the  chirping  of  the  field  cricket ;  and  in  a  third 

the  limit  was  such  that  the  chirping  of  the  common  house- 
row  could  not  be  heard.     Dr.  Wollaston  supposes  that  inability 
Mr  the  piercing  squeak  of  a  bat  is  not  very  rare,  as  he  met  with 
ral  instances  of  persons  not  aware'  of  such  a  sound, 
very  one  must  be  conscious  that  the  sensation  of  sound  frequently 

longer  than  the  exciting  cause  of  it,  as  the  sensation  of  light 
L  This  has  been  demonstrated  experimentally  by  Savart,  who 
d  in  his  experiments  upon  toothed  wheels  that  the  removal  of 
tooth  did  not  produce  any  interruption  of  the  sound.  Other 
f  of  this  is  obtained  from  the  noise  which  remains  in  the  ears 
*  long  travelling  in  a  coach,  or  in  a  train  upon  a  railroad.  The 
ective  phenomena  of  hearing  generally  result  from  some  aflec- 
of  the  brain,  or  of  that  part  of  it  in  which  the  auditory  nerve  is 
anted.  The  most  common  of  them  are  tinnitus  aurinm,  and  the 
BB^  or  rushing  noise  in  the  ears,  which  is  generally  indicative  of 
£ciency  rather  than  a  redundancy  of  blood  in  the  brain ;  or  it 

be  caused  by  some  disturbance  of  local  nutrition  of  the  brain 
ag  rise  to  an  irregular  development  of  nervous  power. 

oa  the  subjects  discassed  in  this  chapter,  the  reader  may  codsqU  the  works  of 
m  and  SoBmmeriog;  the  excellent  article  oq  the  organ  of  Heariog  by  Mr.  Whar- 
BBes  lA  the  Cyclop,  of  Anat. ;  Mailer's  elaborate  clupter  on  Heariog  in  his  Ph3^ 
Qr;  Dr.  Wollaston's  paper  on  Soands  inaadible  by  certain  ears,  Phil.  Trans., 
;  the  article  Hearing,  Cyclop.  Anat.;  Dr.  Elliotson*s  Physiology,  where  the  in- 
•■  views  of  Mr.  Wheatstone  are  briefly  stated ;  and  a  paper  by  the  latter  pht- 
bar  in  the  Jonrnal  of  the  Royal  Institution,  for  July,  1827. 


CHAPTER  XIX. 

BPBAI.1C   KERVES   EXCLUSIVELY  MOTOR    IN   FUNCTION. — THE   TRFRD 

UB    or    KERVES. THE    FOURTH    PAIR. THE    SIXTH   JPAIR.  —  THE 

MRIO  DURA  OF  THE  SEVENTH  PAIR. — THE  NINTH  PAIR. 

kK  nerves  which  we  shall  consider  in  this  chapter  are  purely 
ir  in  their  function;  and,  on  this  account,  are  conveniently 
nd  together.  We  shall  see,  however,  that  from  their  occasional 
tiNDOsis  with  sensitive  nerves,  they  contain  sentient  filaments 
ih  serv^  to  inform  the  mind  of  the  state  of  the  muscles  to  which 
r  B0tt>r  filaments  are  distributed. 

It  TUrd  Pair  &f  JferveSy  or  Moiores  Oeulorum. — These  nerves 
minected  with  the  crura  cerebri.  ESach  nerve  emerges  from  the 
Bsponding  eras,  on  the  side  of  the  locus  perforatus  posticus,  or 
\  Tarini. 

fhen  traced  into  the  substance  of  the  crus,  the  component  fas- 
It  of  each  nerve  are  seen  to  diverge  from  each  other,  and  to  sink 
31 


474 


INNEHVATION. 


into  tlie  dark  vesicular  matter  constituting  (he  locus  niger.  Hne,  m 
doubt,  the  filaments  connect  iheinselves  with  ibe  vesicles  of  lUt 
mass  of  gray  matter. 

Each  nerve  proceeds  forwards  and  outwards,  and  passes  ihn^ 
&  canal  in  that  portion  of  the  dura  mater  which  forms  the  outer  nil 
of  the  cavernous  sinus  into  the  orbit  tbrough  the  spbeno-orbilalfon- 
men,  and  just  as  it  has  reached  this  foramen  it  divides  into  i  suptmt 
and  an  inferior  branch,  tbe  distribution  of  which  is  shown  tntliefit 
lowing  table : 


A  o„^.,:«,  i!,.;ci«„  (  '■  *■  1""  '***  levator  palpebne  soperiorU. 
A.  Superior  division,  j  g.  j.  To  ihe  superior  rectus  ocuK. 


B.  laferior  division. 


J  a'.b. 


To  the  inrerlor  obliqur. 

To  itie  opiiilialmic  g&agUoa,  also  called  iht 

of  thai  ganglion. 


I 


The  anastomoses  of  the  third  nerve  take  place  entirely  id  tbc 
stage  of  its  course  in  which  it  lies  in  tbe  outer  wall  of  ihe  cavenov 
sinns.  They  are  with  the  ophthalmic  division  of  tbe  fifth  netTe,ul 
with  tbe  carotid  branch  from  the  inferior  cervical  ganglion  of^ 
sympathetic ;  and,  as  has  been  asserted  by  a  few  anatomists,  with  lU 
sixth  nerve. 

Fttnrtion  of  the  ThirdJVerve. — Proceeding  according  tothemedivd 
indicated  at  page  303,  vol.  i.,  we  deduce  the  function  of  this  oem 
from  its  anatomy  in  man,  from  its  anatomy  in  animals,  from  expttt- 
ments,  and  from  pathological  observation. 

From  its  anatomy  in  man  we  judge  this  nerve  to  be  a  noltf 
nerve,  for  it  is  distributed  entirely  to  muscles.  These  muscles  m, 
in  addition  to  the  elevator  of  tbe  upper  eyelid,  those  upon  which  tk 
principal  movements  of  Ihe  eyeball  depend  ;  indeed,  all  the  mujcln 
of  that  organ,  except  the  superior  oblique  and  tbe  external  rMtsi. 
In  addition  to  these  there  can  be  no  doubt  that  the  third  nerve  Rsdi 
filaments  to  the  muscular  apparatus  within  the  eye  by  Ihe  short  root 
of  tbe  ophthalmic  ganglion,  which,  after  passing  through  tbitgio- 
glion,  escapes  from  it  under  the  form  of  ciliary  nerves,  wbicfa  auj 
be  traced  to  tbe  ciliary  muscle  and  lo  the  iris.  It  is,  tlieTeCirei  1^' 
principal  motor  nerve  of  Ihe  eyeball,  regulating  all  Ibe  movcmtnti^ 
that  organ,  excepting  those  which  depend  on  tbe  external  rectos ud 
superior  oblique  muscles;  and  it  also  probably  excites  (he  moveBtf" 
of  Ihe  iris  and  of  the  other  muscular  fibres  within  the  eye.  Up* 
this  latter  point,  however,  anatomy  speaks  less  positively,  fnuB  tk 
fact  that  other  nerves  are  distributed  to  the  iris  besides  those  dcfitt' 
from  tbe  third. 

The  distribution  of  the  third  nerve,  in  tbe  inferior  animals,  Wl^ 
to  tbe  same  conclusion  respecting  its  function,  as  that  which  we  bin 
deduced  from  human  anatomy.  In  all  the  mammalia  it  is  dlUnMi 
to  the  same  muscles  of  the  eyeball  as  in  man,  and  to  the  iria.  !■ 
birds  a  similar  arrangement  exists,  and  in  some  species  of  IhUdW 
we  observe  a  remarkable  development  of  that  branch  which  is  tf* 
tribuled  to  the  iris  in  direct  leUtion  with  tbe  muscular  activilj^l 
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Aiat  structure.  In  the  folcons  and  eagles,  according  to  Desmoulins, 
the  third  ner?e  is  absolutely  as  large  as  in  man,  and  this  great  size 
b  due  to  the  dcFelopment  of  the  branch  which  is  distributed  to  the 
iris  and  ciliary  muscle. 

Experiments  on  this  nerre  are  difficult  of  execution,  and  their 
results  are  therefore  not  free  from  complication;  but  such  as  hare 
been  obtained  entirely  confirm  the  riew  of  its  function  which  ana- 
tomy suggests.  These  results,  as  derived  from  the  experiments  of 
Rumbold  and  Fowler,  of  Mayo,  Valentin  and  others,  may  be  sum- 
med up  as  follows : 

The  application  of  the  galvanic  current  to  the  nerve  causes  a  con- 
mlsive  contraction  of  the  principal  muscles  of  the  globe  and  of  the 
iris.  The  same  effect  is  produced  by  mechanical  irritation  of  the 
mink  of  the  nerve. 

Section  of  the  trunk  of  the  third  nerve  in  rabbits  or  dogs,  gives 
rise  to  external  strabismus  with  paralysis  of  the  upper  eyelid  (ptosis), 
lad  dilatation  and  immobility  of  the  pupil.  The  eyeball  is  given  up 
O  the  influence  of  the  external  rectus  and  of  the  superior  oblique 
Hucles,  the  former  of  which,  being  the  more  powerful,  determines 
li  permanent  position. 

The  paralysis  of  the  iris,  after  section  of  this  nerve,  is  so  complete 
hat  the  most  powerful  light,  directed  into  the  eye,  is  incapable  of 
OBeiting  the  least  contraction  of  the  pupil.  And  Mayo's  experiments 
Imonstrate  that  the  fifth  nerve,  which  is  the  only  otiber,  except,  per^ 
laps,  the  sympathetic,  connected  with  the  iris,  does  not  exert  any 
iotor  influence  upon  that  membrane. 

When  the  optic  nerve  is  irritated,  the  third  remaining  intact,  and 
eteininK  its  connection  with  the  brain,  the  pupil  contracts.  This 
edon  ooes  not  take  place  if  the  third  nerve  have  been  previously 
mL  The  motor  action  of  the  third  nerve  mav,  therefore,  be  excited 
hnmgh  the  optic  nerve.  There  can  be  no  doubt,  indeed,  that  this 
ithe  ordinary  method  by  which  contraction  of  the  pupil  is  produced 
tariiig  life ;  the  stimulus  of  light  falling  upon  the  retina  excites  the 

Enerve^  and,  through  it,  that  portion  of  the  brain  in  which  the 
nerve  is  implanted. 
The  effects  produced  by  pathological  changes  affecting  the  third 
trve,  or  that  part  of  the  brain  wim  which  it  is  connected,  are  in 
net  accordance  with  the  results  derived  from  experiment. 
Ptoilysis  of  the  levator  palpebrse  superioris  muscle,  permanent 
looting  of  the  eyeball  in  the  outward  direction,  and  a  dilated,  mo- 
onless pupil  are  the  unerring  signs  of  a  paralytic  lesion  affecting 
le  third  nerve  either  at  its  central  extremity  or  in  some  part  of  its 


The  third  nerve  may,  therefore,  be  stated  to  be  the  nerve  of  mo- 
on to  the  elevator  muscle  of  the  upper  lid,  and  a  principal  nerve  of 
lotion  to  the  eyeball,  and  to  the  muscular  apparatus  within  the  eye. 
;  is  a  nerve  of  great  importance  to  vision,  not  only  from  its  influ- 
lee  over  the  eyeball  itself,  but  also  from  its  connection  with  the 
loscular  structures  in  the  interior,  on  which  the  power  of  adjustment 
■obably  depends. 
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I  Of  the  Fourth  Pair  of  JVerves. — These,  which  were  callea^ 

ilWillis  "nervi  pathetici,^'  are  the  smallest  of  Ihe  encephalic  atmt. 
KThey  are  also  remarkable  for  the  very  long  course  which  they  lab 
•  from  their  origin  to  their  point  of  exit  from  (he  cranium. 
H»'  The  origin  of  the  fourlh  nerve  may  be  referred  to  the  mesoceplrtle, 
Isfrom  Ihe  superior  surface  of  which  it  emerges,  in  close  connecboo 
[    with  the  testes,  or  immediately  behind   tbem.     Its   true   origin  is 

doubtless  from  the  olivary  columns  as  they  extend  upwards  bentnA 

the  quadrigeintnal  tubercles. 

The  fourth  nerve  emerges  from  Ihe  crnnium  through  a  canal  in  tht 
I  .dura  mater,  situate  near  the  posterior  clinoid  process  of  the  sphcaaid 
k^one,  external  to  that  in  which  the  third  nerve  is  lodged.  It  piiwi 
■^■long  the  outer  wall  of  the  cavernous  sinus  beneath  the  Ihinl  net«, 
W  snd  in  entering  (he  orbit  it  rises  above  that  nerve,  and  lies  immtdi- 

>ately  beneath  the  periosteum,  attaching  itself  to  the  orbital  saiftct 

c^  the  superior  oblique  muscle,  into  the  posterior  third  of  wbicb  il 

penetrates. 

This  is  Ihe  only  muscle  which  Ihe  fourth  nerve  supplies,  and  tlw 

nerve  appears  to  be  wholly  lost  in  it.     But  as  it  passes  Ihrough  in 

canal  in  the  dura  roaler,  it  gives  off  a  branch,  which,  taking  a  reiw- 

.grade  course,  passes  into  the  tentorium  cerebelli  as  far  as  the  Utsnl 
^ainus,  where  it  subdivides  into  two  or  three  filaments, 
^b  In  its  course  it  forms  but  few  connections,  and  those  appamllf 
Knot  constant.  As  it  crosses  ihe  cavernous  sinus  it  anastomoses  wiA 
lyfiie  sympathetic,  and,  as  it  enters  the  orbil,  with  the  lachrymal. 
I  That  this  nerve  is  the  motor  nerve  1o  the  superior  oblique  inuwlf 
Blanatomy  does  not  allow  us  to  doubt,  for  the  muscle  receivpt  no 
i  -iriber. 

EKperiments  and  pathological  observation  have  thrown  no  silii- 

ftctory  light  upon  its  function. 

In  animals  of  great  power  of  expressinn,  aa  in  apes,  acconiingto 

Sir  C.  Bell,  this  nerve,  as  well  as  the  superior  oblique  muscle,  is 

large. 

Of' Ihe  Sixlk  Pair  ff  J^erves. — These  nerves  emerge  from  brtwrtt 
I     the  libres  of  Ihe  anterior  pyramids  immediately  behind  the  poserinf 

■  Jtnargin  of  the  I'ons  Varolii.  It  is  not  improbable  that  the  tru^nrijin 
B^f  each  nerve  is  from  (he  central  part  of  the  medulla  oblonpu.ffe 
K  olivary  columns,  and  that  the  nerves  pass  between  Ihe  fibres  of  ihe 
llpjramids  without  forming  any  real  connection  with  them. 

■  •.  The  sixth  nerve  has  a  straight,  but  very  short  intracranial  course; 
M/'ii  penetrates  Ihe  dura  mater,  and   passes  over  Ihe   ont^de  of  lb« 

■  ifprofid  artervi  between  it  and  ihe  lining  membrane  of  the  cavrmoo 
I  sinus,  entering  the  orbit  between  the  two  origins  of  the  reclui  «• 
I  4wnus  muscle,  (o  ihe  ocular  surface  of  which  it  is  entirely  distributw). 
mi-<  As  the  sixth  nerve  is  passing  along  (he  outer  side  of  thei^M^ 
I  .carotid  artery,  it  forms  a  very  celebrated  anastomosis  with  iba^H 
m  ^thetic,  by  means  of  two  large  and  dislincl  branches,  and  i^^H 
F  itilDes  anastomoses  with  Ihe  nasal  branch  of  the  fifth.  ^^H 

Anatomy  points  lo  the  function  of  Ihis  nerve  as  distine^^^l 
does  lo  that  of  the  fourth.     The  sixlh  nerve  can  have  no  olUi^^l 
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ban  that  of  regulating  the  movements  of  the  abductor  muscle  of  the 
ye.  Experiment  fully  confirms  this  conclusion,  and  a  few  cases 
mve  been  observed  in  which  internal  strabismus  was  found  to  ac- 
tompany  compression  of  the  nerve  by  a  tumor. 

Cf  the  FacialJVerve. — {Portio  dura  of  the  seventh  pair.) — This  is 
me  of  the  most  interesting  and  remarkable  of  the  motor  nerves.  Its 
tlose  proximity  to  the  auditory  nerve  led  Willis  to  class  it  along  with 
hat  nerve.  The  former  nerve  is  soft  in  its  structure,  and  its  bundles 
oosely  coherent;  the  latter  is  more  compact,  and  surrounded  by  a 
learilemma  of  sufficient  density  to  give  to  it  a  power  of  resistance 
rcfj  superior  to  that  of  its  neighbour. 

These  two  nerves  lie  in  a  fossa  situate  on  either  side  of  the  medulla 
lUongata,  and  behind  the  posterior  edge  of  the  pons,  bounded  on 
he  outside  by  a  small  lobule  of  the  cerebellum,  called  the  flock  by 
imilj  or  the  lobule  of  the  vagus  or  of  the  auditory  nerve;  the  floor 
if  this  fossa  is  formed  by  the  restiform  column.  The  portio  dura 
lerve,  which  lies  inside  the  portio  mollis,  penetrates  the  restiform 
xdumn,  and  through  it  may  be  traced  to  the  central  part  of  the  me- 
hilla  oblongata,  the  olivary  columns^  where  it  connects  itself  with 
he  vesicular  matter. 

.  In  examining  the  distribution  of  the  facial  nerve,  it  will  be  found 
soovenient  to  divide  it  into  three  stages,  and  to  enumerate  its 
mncbes  in  each  stage. 

The  first  stage  is  intracranial^  from  its  origin  to  its  exit  at  the 
tttemal  auditory  meatus.  In  this  stage  it  forms  a  connection  with 
ke  auditory  nerve  by  the  portio  intermedia  of  Wrisberg,  an  oblique 
mncb  of  communication,  which  seems  like  a  fasciculus  of  fibres 
MMsing  ofi*  from  the  portio  dura,  and  accompanying  the  auditory 
i^ve  into  the  labyrinth.  This  branch  was  described  by  Arnold  and 
joedechens  as  a  second  root  of  the  facial  nerve,  but  inasmuch  as  it 
loes  not  form  a  connection  with  the  centre,  distinct  from  that  which 
ke  principal  fibres  of  the  nerve  have  with  it,  this  view  is  not  tenable. 
Regarding  the  facial  as  a  motor  nerve,  this  branch  may  possibly  be 
riewed,  as  conveying  motor  influence  to  the  muscular  apparatus  of 
he  cochlea,  which  we  have  discovered. 

The  second  stage  is  contained  in  the  aqueductus  Fallopii,  In  its 
Mssage  through  this  canal  a  gangliform  swelling  is  formed  on  the 
lerve  where  it  is  joined  by  the  Vidian  which  comes  through  the 
luitas  Fallopii,  intumesceniia  genuformis,  A  question  arises  as  to 
be  nature  of  this  swelling;  is  it  a  ganglion,  or,  is  it  merely  the  result 
»f  the  separation  of  the  fibres  of  the  nerve  at  this  situation  ?  We 
lave  failed  to  satisfy  ourselves  by  microscopic  examination  of  the 
adstence  of  vesicular  matter  in  it,  but  we  have  found  a  large  num- 
>er  of  gelatinous  fibres  in  it,  as  well  as  of  tubular  fibres.* 

At  this  swelling  the  facial  forms  a  communication  by  means  of  the 
^rtater  superficial  petrosal  nerve  with  Meckel's  ganglion,  and  by  the 
eaer  superficial  petrosal  nervSy  with  the  otic  ganglion ;  a  third  branch 

*  MorgmfHii  has  lately  poblisbed  an  elaborate  paper,  in  wbicb  be  maintains  the 
mnglioiiic  character  of  this  swelling. — Annali  Univ.  di  Medieina,  1845. 
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less  constant  than  these  two,  is  distributed  to  vessels  and  dDnmitct 
on  the  surface  of  ttie  petrous  bone.  As  it  lies  in  the  aqueduct  of 
Fallopius,  Ihe  facia!  nerve  gives  off  the  following  branches.  I.  A 
branch  to  the  membrane  of  the  fenestra  ovalis.  2.  A  twig  to  tbt 
stapedius  muscle.  3.  The  chorda  tympiini.  4.  An  Bnastomotic 
twig  with  the  auricular  branch  of  the  vagus  nerve. 

The  third  stage  commences  al  Ihe  slyloraasloid  foramen;  herethr 
nerve  passes  obliquely  through  the  parotid  gland,  in  the  siibstinoetf 
which  it  divides  into  its  terminal  branches.  Immediately  on  iH 
emergence  from  the  stylomastoid  foramen,  it  gives  off:  1.  Thepifr 
terior  aurirular,  or  auricula- occipital,  distributed  to  the  small  niiuaci 
of  Ihe  ear,  and  the  occipital  muscle.  2.  The  stylohyoid  branch  to  ibt 
stylohyoid  muscle.  3.  The  submasloid  branch  to  the  digastric  an*- 
cle.  And  lastly,  it  divides  into  two  branches,  the  cervica-fadai,  di^ 
tributed  to  Ihe  plalysma,  and  to  the  muscles  of  Ihe  lower  lip  mJ 
chin,  and  the  lemporo-Jadal,  which  is  distributed  to  the  orbicalir 
muscle  of  the  eyelids,  the  corrugator  supercilii,  and  the  musclei  tt 
the  nose  and  upper  lip.  The  plexiform  distribution  of  these  Derm 
on  the  face  forms  the  well-known  pes  amerinus.  The  facial  oem 
anastomoses  freely  with  the  superficial  temporal,  frontal,  infra-orbitsi, 
buccal  and  mental  branches  of  the  fil^h  pair,  and  with  branchucf 
the  cervical  plexus. 

Function  of  the  Facial  JVerve. — Referring  to  the  anatomy  of  iHi 
nerve,  we  find  it  distributed  by  Ihe  vast  majority  of  its  fibrei  tt 
muscles,  and  those  minute  branches,  respecting  the  ultimate  deitiil* 
tioti  of  which  some  doubt  exists,  may  be,  and  probably  are,  did* 
buted  to  muscular  fibres.  The  muscles  which  are  supplied  bytkt 
facial  nerve  are  chiefly  those  upon  which  the  aspect  of  the  couBt^ 
nance  and  the  balance  of  the  features  depend.  The  power  of  closing 
the  eyelids  depends  on  this  nerve,  as  it  alone  supplies  the  orbicalsfu 
palpebrarum ;  and  likewise  that  of  frowning,  from  its  influence  upon 
the  corrugator  supercilii.  Anatomy  indicates,  therefore,  that  tbi> 
nerve  is  the  motor  nerve  of  the  superficial  muscles  of  the  face  and 
ear,  and  of  Ihe  deep-seated  muscular  fibres  within  the  ear. 

This  conclusion  is  abundantly  confirmed  by  comparative  anatoiH- 
For  wherever  the  superficial  muscles  of  the  face  are  well  devtltfcs, 
and  the  play  of  the  features  is  active,  this  nerve  i^^  large.  In  BOB* 
keys  it  is  especially  so.  That  extremely  mobile  insirumeol,  tfce 
elephant's  trunk,  is  provided  with  a  large  branch  of  the  facial  as  i'l 
motor  nerve.  In  birds,  on  Ihe  other  hand,  it  is  very  small,  being 
limited  to  the  stylohyoid  branch. 

Section  of  the  nerve,  at  its  emergence  from  the  stylomastoid  fori- 
men,  has  been  followed  by  paralysis  of  the  muscles  of  ihe  face,  inii 
of  the  orbicularis  palpebrarum,  in  the  hands  of  all  experimenttts. 
Formerly  when  this  nerve  was  supposed  to  preside  over  Ihe  senii- 
bility  of  the  face,  it  was  thought  to  be  the  seat  of  lie  tloulourcut, 
and  was  upon  several  occasions  cut.  But  this  operation  yielded  do 
relief  to  Ihe  sufferings  of  the  patient,  and  only  served  to  illustrate  liit 
function  of  the  nerve,  since  it  was  always  succeeded  by  paralysis  o( 
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^  OB  diat  side,  total  loss  of  control  oyer  the  features,  of  the 
{  frowning,  and  of  closing  the  eyelids, 
iueased  states  of  the  facial  nerre  illustrate  its  physiology  in 
i  interesting  manner.  It  may  be  paralyzed  from  the  inflaence 
benumbine  its  superficial  fibres,  or  from  the  compression  of 
r  at  the  an^  of  the  jaw,  or  from  a  carious  state  of  the  petrous 
of  the  temporal  bone.  From  whatever  cause  the  paralytic 
aes,  the  effect  is  inrariably  the  same;  the  patient  is  unable  to 
I  eyelids,  and  in  some  rare  cases  he  has  not  the  power  eren 
iximating  them  to  each  other  in  the  least  degree.  He  cannot 
te  ala  nasi  or  either  lip  on  the  affected  side,  and  if  told  to 
>  the  mouth,  as  in  whistling,  he  is  unable  to  do  it.  When 
bs,  the  movement  is  all  on  one  side,  and  the  angle  of  the 
m  the  sound  side  is  drawn  upwards  towards  the  ear,  whilst 
the  paralyzed  side  hangs  below  its  ordinary  level.  With  so 
aralysis  of  the  superficial  muscles,  the  deeper  seated  ones 
lirect  the  masticatory  movements  of  the  lower  jaw,  and  are 
i  by  the  fifth  nerve,  remain  unaffected,  and  the  sensibility  of 
is  unimpaired. 

1  the  paralytic  affection  of  this  nerve  has  been  of  long  stand- 
re  b  great  wasting  of  the  muscles  on  that  side  of  the  face, 
B  the  buccinator,  which  is  supplied  by  the  fifth  nerve  also, 

0  such  an  extent  that  it  becomes  reduced  to  a  mere  inert 
He,  and  flaps  to  and  fro  as  the  patient  speaks,  interfering  to  a 
«ee  with  the  clearness  of  his  articulation. 

die  facial  nerve  in  some  degree  influences  the  movements  of 
palate,  has  been  suggested  by  the  record  of  cases  in  which 

the  muscles  on  one  side  of  the  face  has  been  accompanied 
lysis  of  the  corresponding  half  of  the  velum.  That  this 
i  sometimes  accompanies  the  other  signs  of  this  fornf  of 
innot  be  doubted ;  but  the  frequency  of  its  absence  is  suffi- 

denote  the  trifling  influence  of  the  nerve  upon  the  palatine 
•    Valentin  irritated  the  greater  superficial  petrosal  nerve, 

1  the  probable  source  of  any  nervous  filaments  fit)m  the  facial 
auflcles  of  the  palate,  but  failed  to  excite  any  movement  of 
oacles  in  fifteen  experiments. 

I  uncertainty  exists  likewise  as  regards  the  function  of  the 
tympani.  Regarding  it,  as  we  do,  as  a  branch  of  the  portio 
a  think  it  must  exercise  a  motor  influence  upon  the  parts  to 
( is  distributed,  of  which  the  principal  is  the  duct  of  the  sub- 
V  gland.  But  the  curious  relation  which  it  bears  to  the  mal- 
i  incus  denotes  that  it  may  have  something  to  do  with  the 
ism  of  the  organ  of  hearing. 

s  been  made  a  question,  bow  far  the  fecial  nerve  possesses 
nbilit^,  and  from  whence  it  derives  sensitire  fibres.  That 
I  of  It  causes  pain,  has  been  sufficiently  proved  by  various 
enters,  and  it  appears  that  the  sensibility  is  more  marked 
(  nerve  has  passed  through  the  parotid  gland.  The  sources 
easitive  fibres  appear  to  be  clearly  indicated  by  the  various 
oses  which  the  facial  nerve  forms  in  its  several  stages—in 
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the  Fallopian  aqueduct  wilh  the  vagus  nerve,  in  tte  face  with  it 
fil'lh  nerve,  and  in  the  neck  with  spinal  nerves;  Ihe  commtinicitioDi 
wilh  the  fiflb  nerve  being  very  numerous.  There  are,  therefore,  suf- 
ficient means  of  communication  wilh  sensitive  nerves  to  expUin  ik 
sensibility  of  Ihe  facia!  without  its  being  necessary  to  have  recnurx 
to  Ihe  theory  of  Arnold,  and  1o  rank  it  with  Ihe  double-rooted  oerfcs, 

Of  the  JVinth  or  Hypoglossal  J\'erve. — The  origin  of  ihia  nerre  ii 
from  Ihe  side  of  the  medulla  oblongata  along  the  anterior  margin  of 
Ihe  olivary  body.  Ten  or  twelve  fasciculi  of  fibres  emerge  here  frti 
Ihe  central  part  of  the  medulla  oblongata,  and  unite  into  two  buulln, 
'which  coalesce  and  emerge  as  one  nerve  through  the  anterior  coi^ 
dyloid  foramen. 

The  ninth  nerve,  on  escaping  from  the  anterior  condyloid  forann, 
passes  outwards,  and  winds  forwards  around  the  pharynx,  to  the  dm 
surface  of  the  tongue,  being  closely  related  to  the  internal  cirolii 
artery,  and  the  jugular  vein,  and  winding  round  Ihe  external  caro&d, 
in  its  course  to  the  upper  and  anterior  part  of  the  neck. 

Immediately  after  its  emergence  it  forms  anastomoses  wilb  lb 
va:;iis  nerve,  the  superior  cervical  ganglion,  and  with  the  cerviol 
plexus,  and  then  it  gives  off,  1.  The  descending  branch,  whicl 
forms  remarkable  anastomotic  arches  wilh  branches  of  Ihe  secoDii 
and  third  cervical  nerves,  eilber  within  or  in  front  of  Ibe  sbeatli  M 
the  common  carotid  artery  and  jugular  vein.  From  the  convexityiif 
Ibis  arch  or  these  arches,  there  pass  branches  to  the  steroo-hyoiJ,  ud 
slerno-thyroid  muscles,  and  to  the  anterior  belly  of  ihe  omo-byoid. 
2.  It  gives  nerves  to  the  Ihyro-hyoid,  genio-hyoid,  hyoglossus,  mi 
styloglossus  muscles.  3,  On  the  inferior  surface  of  Ihe  toDgii«  it 
breaks  up  into  its  terminal  or  glossal  branches  which  pass  into  tht 
muscular  structure  of  the  tongue. 

As  the  hypoglossal  nerve  crosses  the  hyoglossus  muscle  it  fonu 
an  anastomosis  with  the  lingual  branch  of  Ihe  fifth  pair. 

Function  of'  the  A'inCh  JVerve. — As  Ibis  nerve  has  no  other  cuo- 
nection  than  wilh  muscles  we  cannot  regard  it  in  any  other  light  ibw 
as  a  motor  nerve.  The  muscles  to  which  it  is  distributed  are  tbose 
of  the  tongue,  and  as  Ibis  is  the  principal  nerve  to  these  muscle*,  m 
may  justly  regard  it  as  the  motor  nerve  of  the  tongue.  The  odie 
nerves  of  the  tongue,  the  lingual  branch  of  the  fifth  and  Ihe  gloM- 
pharyngeal,  are  obviously  traceable  to  the  mucous  membrane. 

In  the  lower  mammalia  the  ninth  nerve  is  distributed  prwinlji* 
in  man,  and  it  is  proportional  in  size  to  the  muscular  activity  of  tbe 
tongue. 

Numerous  experiments  have  been  made  on  this  nerve.  SKlioa 
of  it  on  one  side  paralyzes  the  motor  power  of  Ihe  tongue  OD  lbl> 
side.  And  galvanic  irrilalion  of  it  throws  the  muscles  on  ihe  stmt 
side  into  convulsive  action. 

Several  instances  have  been  observed  of  tumours  compressing  lh>i 
nerve,  and  causing  paralysis  of  the  muscles  of  the  tongue  on  tbi 
same  side.  The  tongue  participates  in  the  hemiplegic  psnljst 
which  results  from  an  apoplectic  clot  in  tbe  brain,  or  other  ext  "~ 
disease  of  that  organ,  along  with  all  those  parts  whose  i 
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planted  in  some  part  of  the  extended  centre  of  volition,  and  are 
liiiarily  excited  by  a  mental  stimulus.  In  such  cases  the  loss  of 
ver  in  the  tongue  is  usually  indicated  by  its  deviation  to  th^ 
ndyxed  side  in  its  protrusion,  though  occasionally  the  tip  is  turned 
mds  the  sound  side. 

W®  ^^y  then  conclude  from  human  and  comparative  anatomy, 
m  experiment  and  pathological  states,  that  the  ninth  nerve  is  the 
IliMr  nerve  of  the  tongue.  Its  anastomoses  with  the  vagus,  and 
Ai  the  fifth,  make  it  probable  that  it  contains  some  sensitive  fila- 
iUt,  and  this  is  confirmed  by  experiments  which  show  that  some 
Mibiltty  is  possessed  by  the  nerve,  and  that  this  is  greatest  the 
liar  we  approach  the  tongue.  But  that  it  has  no  influence  upon 
la  or  upon  th|B  common  sensibility  of  the  organ,  is  proved  by  the 
iflipaired  state  of  both  those  powers,  after  complete  section  of  the 
rve. 

a  addition  to  the  priDcipal  systematic  works  on  physiology,  reference  nay  be 
de  to  Valentin,  de  Fanctionibas  Nerv.  Cerebr. ;  the  Papers  of  Sir  C.  Bell,  col- 
ad  ia  an  oetaro  Tolame,  1844 ;  Mayo's  papers  in  his  AoaL  and  PhysioL  Com* 
Uaries,  and  his  Physiology ;  Longet  sar  le  Systdme  Nenreox. 


CHAPTER  XX. 

THE  COMPOUND  ENCEPHALIC  NERTE8.     THE  FIFTH  PAUL.     THE  EIGHTH 

PAIR. 

h  is  proposed  to  derote  this  chapter  to  the  examination  of  the 
fKological  history  of  those  encephalic  nerves  which,  from  their 
■pound  nature,  combine  the  functions  of  sensitive  and  motor 
Tea.  These  are  the  fifth  pair  and  the  eighth  pair. 
Ihe  fifth  pair  of  nerves  is  one  of  the  most  interesting  and  exten- 
elj  connected  nerves  in  the  body.  It  presents  a  remarkable  re- 
iblance  to  spinal  nerves  in  its  mode  of  origin,  a  fact  which  bears 
mgly  on  the  determination  of  its  functions.  The  first  point  of 
emblance  is  that  its  origin  is  by  two  roots,  one  large,  and  the 
er  small ;  and  secondly,  its  larger  root  is  involved  in  a  ganglion, 

two  roots  being  quite  distinct  until  after  the  formation  of  the  gan- 
m^  when  the  lesser  one  coalesces  with  one  of  the  nerves  which 
ings  from  the  ganglion,  to  form  the  inferior  maxillary  nerve. 
rbe  two  roots  are  implanted  in  the  same  column  of  the  medulla 
ongata.     They  remain,  however,  quite  distinct  in  the  substance  of 

medulla.     Penetrating  the  latter  at  the  cms  cerebelli,  between 

transverse  fibres  of  the  pons,  each  root  may  be  traced  through  a 

arate  but  nearly  parallel  course  downwards  to  the  olivary  column, 

ere  each  forms  its  separate  connection  with  the  vesicular  matter. 

rbe  ganglion  (ganglion  Gasserii)  which  is  formed  upon  the  larger 
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it  or  the  6flb  nerve  is  situate  in  the  middle  fossa  of  tbe  ( 

1  upon  the  upper  surface  of  the  petrous  bone,  and  the  middle  lacerated 

fbramen,  and  behind  the  great  ala  of  the  sphenoid.     It  ia  of  a  lra»- 

fjlar  form,  its  base  curvilinear  and  directed  forwards  and  outwaidt 
rom  this  base  there  proceed  three  nerves,  the  ophthalmic  ontbe 
inside,  (he  superior  maxillary  in  the  middle,  and  the  inferior  miiil- 
lary  on  the  outside.     Of  these  the  first  two  consist  exclusivelf  of 
"ibres  derived  from  the  larger  root  and  ganglion  ;  the  third,  the  iafe- 
[  zior  maxillary,  is  composed  of  tibres  derived  from  both  roots.    Tlii^ 
L  tiierefore,  is  the  onlv  portion  of  the  fifth  nerve  which  is  strictly  eoa- 
\  pound,  and  it  constitutes  the  largest  portion  of  the  nerve. 

The  distribution  of  the  nerve  may  be  understood  by  referenwti 
I  tbe  subjoined  tabular  arrangement  of  the  distribution  of  each  of  b 
I  three  divisions. 


— (anastomoses  with  sympalhelic). 
( 1.  6.  To  laclirjimal  glaod. 
,J  S.b.To  anite  with  Lemporo- malar  branch  of  sapi 


>.»Bi9fi 


„'"' 


1,  lids,  &C. 


(S.  CoDiioued  fronial  nerve,  or  snpra-orbirsl. 
r  1.  Lenticular  b,  \o  tbe  aphlhalmic  ganglion. 
J  a.  Ciliary  nerve.s— two  in  namber  ^^ 

-(  3.  Nasal  b,  to  Ihe  mucoDs  membrane  and  skin  of  the  ulflte 
I  part  of  the  nostril. 

1^4.  lofra-trochleator,  lo  the  inner  canlbas  and  side  of  ibcnne. 
I   n.  ScpiBioB  MixiLLiar— (three  stages,  cranial,  spheno-m  axil  lary,  orbital). 

a.  Temporo-maiar  b. — Anastomoses  with  the  lachrymal,  and  is  dislnbgUd  10  At 

iniepumeiil  of  the  temporal  and  malar  region. 

b.  Sphe  no-pal  aline  A. — Two  or  three  in  number,  which   pass   lo  the  ^ptiao- 

palatine  ganglion. 
e.  Post,  superior  dental  b. — Two  or  three  in  number,  going  to  the  pMierior  a™ 
of  the  tipper  jaw  1  one  branch  passini;  along  llu  iaunK 
of  the  antrum,  and  anastomosing  wilh  the  aniehor nf* 

d.  Anu  superior  denial  &.— Supplies  the  anterior  teeth  of  the  npper  j«». 
51:  L'ab;al"''^''Pf'y'"S  "-^  ml-g"-."!'  -f* 
Iz.  Nasal       5     Sion*. 

HI.    iMEEHIOa  MlIILLllT. 

a.  Masseteric  A. — To  the  masseter  muscle. 

b.  Deep  temporal  b. — Two  in  number,  to  ihe  temporal  muscle. 
c  Buccal  i. — Anastomoses  wiili  branches  of  the  facial,  and  goes  lo  ihe  ei\rni£ 

pterygoid  and  buccinator  muscles,  and  to  ihc  mucous  metabrut 
of  the  mouth. 
if.  PierTRoid  S. — To  ihe  oircnmflexus  palati  and  internal  pterygoid  miwcle. 

e.  Skiperlicial  temporal  b. — Anastomoses  with  the  facial,  and  is  disiribniedia  l^ 

skin  or  the  temporal  regioti  aodexieraal  ear. 

By  its  mylohyoid  branch  (o  Ihe  mylofaTOJd  tnd  dijMO* 

To  ilie  teeth,  aUeoli  and  gums  of  ihe  lower  jaw; 

and  by  the  mental  branch  lo  the  integumenu  and  now* 

membrane  of  Ihe  lower  lip. 
Is  joined  by  the  chorda  lyrapani. 
Conaecting    lilaments    to    the   $abmaiiUkr7  { 


r.  Facial 


/.  Enferior  dental  £.- 


g.  Lingual  b. 
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^meUon  of  the  JMh  nerve. — The  determination  of  the  functions 
i€tbe  roots  of  spinal  nerves  has  afforded  the  clue  to  that  of  the  func- 
ioiis  of  the  roots  of  the  fifth  nerve.  The  analogy  of  the  smaller  root 
itf  the  fifth  with  the  anterior  spinal  root,  and  of  the  larger  one  with 
posterior  spinal  root  has  long  been  admitted  by  anatomists. — 
ce  an  analogy  of  function  must  be  admitted,  and  the  former  must 

▼iewed  as  consisting  of  motor  fibres,  the  latter  of  sensitive  ones ; 

'  by  tracing  each  of  the  three  great  divisions  of  the  nerve,  we  may 
ine  its  function  by  its  constitution,  according  as  it  derives  its 
from  either  root  or  from  both.  The  ophthalmic  and  superior 
■udllary  are  composed  of  fibres  derived  exclusively  from  the  larger 
nool ;  they  are,  therefore,  sensitive  nerves.  The  inferior  maxillary 
eSRiMsts  of  fibres  derived  from  both  roots,  and  consequently  is  both 
■M^r  and  sensitive.  Sir  C.  Bell,  in  his  original  exposition  of  the 
Einictions  of  this  nerve,  fell  into  error  from  having  neglected  to  avail 
bttDself  of  this  method  of  analyzing  the  constitution  of  each  of  its 
divisions  from  which  he  would  have  seen  that  it  is  the  inferior 
illary  alone  which  derives  its  fibres  from  both  roots,  and  which 
perfectly  resembles  a  spinal  nerve  in  constitution. 

The  distribution  of  the  three  divisions  of  the  fifth  nerve  confirms 
■Mist  amply  the  view  of  its  physiology  suggested  by  the  anatomy  of 
its  origin.  The  ophthalmic  and  superior  maxillary  are  distributed 
entirely  to  sentient  surfaces,  or  anastomose  with  motor  nerves  (the 
heial).  They  supply  the  skin  of  the  forehead,  of  the  eyelids,  the 
Mojunctiva,  the  eyeball,  the  mucous  membrane  of  the  nostrils,  the 
nteguments  of  the  face,  the  upper  lip,  the  nose,  the  beard  on  the 
i^iper  lip,  the  integument  of  the  ear,  the  temple,  and  the  whiskers ; 
they  are  the  sensitive  nerves  to  these  regions.  The  inferior  maxil- 
hij  has  two  distinct  sets  of  branches,  the  one  by  which  the  muscles 
if  mastication  are  supplied — the  other,  which  go  to  the  integuments 
•f  the  lower  lip  and  chin,  and  the  beard,  and  the  mucous  membrane 
•f  the  mouth  and  tongue.  This  nerve  is,  therefore,  the  nerve  of  mas- 
tication, and  of  sensation  to  the  surfaces  above  named. 

Repeated  experiments  in  the  hands  of  various  physiolonsts,  none 
of  which,  however,  were  more  conclusive  than  those  of  Mayo,  indi- 
cate the  same  views  of  function.  Division  of  the  ophthalmic  or  of 
tlie  superior  maxillary  induced  loss  of  sensibility  without  muscular 
pvalysis,  leaving  only  such  an  impairment  of  the  motor  power  as 
dcstmction  of  the  sensitive  nerves  invariably  produces,  by  impairing 
tlie  power  of  exact  adjustment,  for  which  a  high  degree  of  sensibility 
b  aecessary.  But  when  the  inferior  maxillary  nerve  was  cut,  then 
both  the  power  of  mastication  was  destroyed  on  the  same  side,  and  * 
the  sensibility  of  the  lower  part  of  the  face  and  tongue  was  lost.  If 
the  nerve  were  divided  in  the  cranium,  the  whole  side  of  the  face 
uul  forehead,  with  the  eyeball  and  nose,  became  insensible,  and  the 
muscles  of  mastication  were  paralyzed.  Irritants  might  then  be  ap- 
|died  to  the  eyeball,  without  exciting  winking,  or  causing  pain,  and 
itroog  stimulants  might  be  introduced  into  the  nostrils  without  creating 
dbe  least  irritation.  When  the  trunk  of  the  nerve  within  the  cranium 
of  an  ass  was  irritated,  the  jaws  closed  with  a  snap  from  the  excita* 
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tton  of  the  motor  fibres,  wliicli  are  distributed  to  the  muscles  of  mu- 
tication. 

The  conclusions  which  we  draw  from  anatomy  and  from  njm- 
ment  are  confirmed  by  the  histories  of  cases  in  which  the  fifth  oan 
had  been  diseased.  In  such  instances  we  may  observe  the  vtf 
marked  separation  of  the  motor  and  sensitive  power,  when  thelu^ 
portion  only  or  the  two  superior  divisions  of  the  nerve  are  affected, 
and  we  tind  both  motion  and  sensation  destroyed  when  the  whole 
trunk  of  the  nerve  is  involved  in  the  disease.  It  is  not  UDComDn 
in  such  cases  to  find  (he  eyeball  totally  insensible  to  eveiy  kind  J 
stimulus,  the  nose  quite  unexcitable  by  the  fumes  of  ammonia,  srtlie 
most  pungent  vapors,  and  the  mucous  membrane  of  the  moutlm 
insensible  to  the  contact  of  foreign  matters  that  a  morsel  of  food  wiH 
sometimes  remain  between  the  gum  and  the  cheek  until  it  has  beeow 
decomposed.  The  insensibility  of  the  eyeball  exposes  it  to  ihn  pn- 
manent  contact  of  irritating  particles  of  dust,  &c.,  which  exctIed^ 
structlre  inflammation  of  its  textures.  The  whiskers  may  be  pulld 
forcibly  without  sensation.  The  muscles  of  mastication  bcrome 
wasted  and  inert,  as  shown  by  the  distinct  depression  in  the  n-poM 
of  the  masseter  and  temporal  muscles,  but  the  superficial  niuiclM. 
on  which  the  play  of  the  features  depends,  preserve  iheit  nslur^ 
condition. 

The  fifth  nerve  may,  therefore,  be  regarded  as  ihe  motor  nerr*  ia 
mastication,  and  the  sensitive  nerve  to  that  great  surface,  both  litin* 
nal  and  external,  which  belongs  to  the  face  and  anterior  part  of  tbe 
cranium.  From  its  great  size,  and  the  large  portion  of  the  mtdiUi 
oblongata  with  which  it  is  connected,  it  may  excite  other  r«r« 
which  are  implanted  in  that  centre  near  to  it.  Thus  it  may  ben 
excilor  to  the  portio  dura,  as  in  winking — or  lo  the  respiratory  nerm, 
as  in  dashing  cold  water  in  the  face,  or  in  sneeziug.  lis  linf^at  pot- 
tion  distributed  to  the  mucous  membrane  of  tbe  tongue  is  at  onn  i 
nerve  of  taste,  touch,  and  common  sensibility,  and  its  connection  iiA 
the  papillary  structure  of  the  red  parts  of  the  lips  constitutes  it  a  pf«- 
eminently  sensitive  nerve  of  touch  in  those  regions. 

The  study  of  the  pathological  conditions  of  this  nerve  illustntei 
its  physiology  in  a  highly  interesting  manner.  In  the  dentiiioa  of 
children,  whether  primary  or  secondary,  it  is  always  afTectnl,  more 
or  less:  and  in  excitable  states  of  the  nervous  centres,  the  irritation 
of  it  consequent  upon  the  pressure  of  the  teeth  often  gives  rise  W 
convulsions,  the  brain  and  spinal  cord  being  irritated  ;  and  we  cm 
often  trace  to  such  irritation,  whether  In  infancy  or  in  childhood, 
the  foundation  of  epileptic  seizures  in  subsequent  years.  Painfal 
affections  of  the  face  (neuralgia)  have  their  seat  in  ibis  nerv»;(»c- 
douloitrenx,  for  example.  Many  of  the  instances  of  painful  affMtioi 
of  this  nerve  or  of  faraaohes  of  it,  which  come  under  our  observation, 
are  well  marked  examples  of  reflected  sensation,  the  primary  irriti* 
lion  being  conveyed  to  the  centre  by  the  vagus  or  the  sympatbt^c 
from  the  stomach  or  intestinal  canal.  No  one  of  these  is  so  coniawn 
as  the  pain  over  tbe  brow,  which  so  often  follows  derangement  of 
•tomacli  digestion;   and  which  may  frequently  be  instantaneoutif 


EIGHTH  PAIR  OF  NERVES.— GLOSSOPHARYNGEAL.  485 

by  taking  away  the  source  of  irritation,  as  by  neutralizing 

in   the   stomach.     Frequently  also  the  branches  of  this 

greater  or  less  number,  on  one  or  both  sides,  may,  accord- 

le  humoral  view,  form  a  focus  of  attraction  for  a  morbific 

enerated  in  the  blood,  in  persons  exposed  to  the  paludal 

>T  in  persons  of  rheumatic  or  gouty  constitution ;  in  these 

in  most  others  of  similar  pathology,  the  neuralgia  occurs  in 

IS  of  greater  or  less  severity,  each  paroxysm  being  followed 

od  of  convalescence,  which  lasts,  it  may  be  supposed,  until 

lid  matter  has  been  again  accumulated  in  quantity  sufficient 

i  a  high  degree  of  irritation  of  the  nerves. 

}  Eighth  Pair  of  JVerves, — We  must  examine  separately  the 

and  physiology  of  each  of  the  three  nerves,  which,  taken 

constitute  the  eighth  pair ;  and,-  first, 

;  Glossopharyngeal, — This  nerve  consists  of  several  small 
of  fibres,  which  lie  close  together,  and  are  implanted  in  the 
irt  of  the  medulla  oblongata  behind  the  olivary  body.  The 
netrate  to  the  centre  of  the  medulla  (the  olivary  columns), 
ey  connect  themselves  with  a  special  accumulation  of  vesi- 
tter. 

lossopharyngeal  nerve  escapes  through  a  small  foramen  in  the 
ter,  at  the  anterior  part  of  the  foramen  lacerum  posterius. 
tely  aAer  it  has  passed  this  foramen,  a  small  ganglion,  which 
only  some  of  the  fibres  of  the  nerve,  is  formed  upon  it.  This 
uiglion  jugulare^  discovered  by  Ebrenritter.  Beyond  this, 
red  in  a  fossa  in  the  side  of  the  jugular  foramen,  is  another 
which  involves  all  the  fibres  of  the  nerve ;  this  is  the  gan- 
rosum^  originally  described  by  Andersch.  Af\er  its  escape 
the  jugular  foramen,  the  glossopharyngeal  descends  by  the  side 
harynx,  between  the  styloglossus  and  stylopharyngeus  mus- 
[  in  the  region  of  the  tonsil  breaks  up  into  its  terminal 
I. 

the  ganglion  of  Andersch,  a  nerve  passes  ofif,  and  enters  the 
*  the  tympanum,  occupying  a  groove  upon  the  surface  of  the 
)ry  beneath  the  lining  membrane  of  the  tympanum.  This 
lately  called  the  branch  of  Jacobson,  although  described  by 
b  and  Winslow,  divides  into  six  filaments,  which  form  the 
:  plexus  or  anastomosis.  These  filaments  are  as  follows: — 
le  membrane  of  the  fenestra  ovalis.  2.  To  that  of  the  fenes- 
da.  3.  To  the  carotid  plexus  in  the  carotid  canal.  4.  To 
MIS  membrane  of  the  Eustachian  tube.  5.  An  anastomotic 
jrhich,  passing  through  the  upper  wall  of  the  tympanum,  unites 
greater  superficial  petrosal  nerve.  6.  An  anastomotic  branch 
tic  ganglion  called  by  Arnold  the  lesser  superficial  petrosal 

he  petrosal  ganglion  the  glossopharyngeal  nerve  forms  anas- 
with  the  facial  and  the  par  vagum. 

Dllowing  are  the  terminal  branches  of  the  g1ossopharyr>geaI 
1.  A  branch  to  the  digastric  and  stylopharyngeal  muscles. 
e  or  four  carotid  filaments  which  descend  along  the  internal 
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CBrotid  artery,  and  maybe  traced  as  far  as  ihe  bifarcation  ofthecw.  ] 
mon  carotid.  These  nerves  anastomose  wilh  others  from  the  suptrwr 
cervical  ganglion,  and  form  a  plexus  round  the  carotid  artery:.  3, 
Tonsillilic  branches,  which  are  numerous,  and  along  with  Derrcsfnn 
the  vagus  and  from  the  superior  cervical  ganglion  of  the  sympiilitiic, 
form  a  plexus  beneath  the  mucous  membrane  in  Ihe  vicinilr  0/ lit 
tonsil,  which  is  called  the pkaTyngeal  or  toTisillitU  plexus.  Soota 
the  branches  of  this  plexus  are  distinctly  connected  with  the  nii<;»i 
membrane,  others  with  the  muscular  fibres  of  the  pharynx.  4.  Fit- 
ryngeal  branches,  which  are  distributed  to  the  mucous  memhraoe  oftbe 
wall  of  the  pharynx.  5.  Lingual  branches;  these  are  given  lolb 
mucous  membrane  at  the  base  and  side  of  the  tongue,  and  ootrntf 
usually  be  traced  into  the  sol\  palate. 

From  the  preceding  statement  it  appears  that  the  di3iribulii»rf 
the  glossopharyngeal  nerve  is  chiefly,  if  not  exclusively,  lo  wnliat 
surfaces.  Even  its  tympanic  branch  is  connected  with  the  linioj 
membrane  of  that  cavity  and  of  the  Eustachian  tube.  But  its  prino- 
pal  branches  are  those  on  the  pharynx  and  tongue,  which  latter  rfgiM, 
however,  it  must  not  be  forgotten,  has  another  nerve  distrihuledtoi'i 
mucous  membrane.  Its  digastric  branch  seems  to  be  anastomotic  with 
a  similar  one  from  the  facial. 

The  mode  of  origin  of  this  nerve  affords  but  a  feeble  clue  to  thediv 
covery  of  its  physiological  import.  Miiller  and  others  attach  somt 
value  to  the  existence  of  the  ganglion,  involving  only  some  of  itsfibm 
flhortlyafter  their  origin,  and  from  the  analogy  with  spinal  nerfesiwi 
with  the  tifth,  they  infer  that  the  glossopharyngeal  must  be  a  compound 
nerve  of  double  origin,  containing  both  motor  and  sensitive  fibtet. 
There  is  not,  however,  sufficiently  certain  evidence  of  ihe  cxiittOK 
of  two  roots  to  this  nerve  to  justify  us  in  founding  upon  itt&wjv 
menl  respecting  its  function. 

The  most  extensive  series  of  experiments  on  this  subject  tre  Aw 
of  Dr.  John  Reid,  and  they  have  very  satisfactorily  developed  )b> 
proper  functions  of  ihe  nerve. 

Section  of  the  nerve,  or  irritation  of  it,  always  caused  ptifl,  vd 
hence  it  may  be  said  lo  contain  fibres  of  common  sensation. 

When  the  trunk  of  the  nerve  was  irritated  before  ^ving  off  iH 
pharvngeal  branches,  extensive  muscular  movements  ofthethnal 
and  lower  part  of  the  face  were  produced.  It  was  found  th«tth« 
movements  were  equally  produced,  and  to  as  great  an  extent, if  tl" 
nerve  had  been  cut  a  short  way  below  its  exit  from  the  cnoian,  u<l 
the  cranial  end  of  it  irritated.  Hence  it  was  evident  that  the  OOK- 
menls  were  caused,  not  by  Ihe  direct  influence  oftbe  branches  oftbe 
glossopharyngeal  upon  the  muscles,  but  by  that  of  the  cranial  taAvi 
the  nerve  upon  the  medulla  oblongata,  whence  the  change  wstpi*- 
pagaled  to  the  muscles  through  the  fibres  of  the  vagus  nerre  ind 
through  those  of  the  facial,  which  emanate  from  the  same  part  of  4' 
nervous  cenlre. 

This  view  of  the  mode  in  which  the  glossopharyngeal  cause*  ID0^ 
cular  action  is  confirmed  by  the  result  of  experiments  on  it  in  aniii^ 
just  dead.     When  the  nerre  was  irritated  under  those  circumstuetC) 
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Ml  moTements  could  be  excited,  provided  it  was  sufficiently  insulated 
Ironi  the  pharyngeal  branches  of  the  vagus.  Now,  were  the  fibres 
of  the  glossopharyngeal  motor,  there  is  no  doubt  that  mechanical 
irritation  of  them  would  have  caused  muscular  contraction. 

Hence,  the  glossopharyngeal  is  one  of  those  sensitive  nerves  which 
m  capable  of  excitine  motion  through  its  influence  upon  motor  fibres 
ioiplanted  immediately  contiguous  to  it  in  the  nervous  centre. 

It  appeared,  however,  that  other  fibres  were  capable  of  exciting  the 

veroents  of  the  pharynx,  for  when  the  trunk  of  the  nerve  was  cut 
both  sides,  the  movements  of  deglutition  continued. 

Dr.  Reid's  experiments  showed  that  section  of  the  lingual  branches 
•f  this  nerve  did  not  destroy  the  power  of  taste,  and  therefore  that  the 
gkMsopharyngeal  cannot  be  regarded,  according  to  the  views  of  Pa- 
■iaDBi,  as  the  sole  nerve  of  that  sense.  And  this  accords  so  complete- 
ly with  anatomy,  which  shows  that  a  part  of  the  tongue,  enjoyins  the 
gutatory  power,  is  supplied  by  the  fifth  nerve  and  that  only,  and  that 
Mother  part,  also  enjoyine  the  same  power,  is  supplied  only  by  &e 
l^btsopharyngeal,  that  no  doubt  can  be  entertained  of  the  correctness 
of  the  view  which  assigns  gustatory  power  to  this  nerve  as  well  as  to 
oofftain  filaments  of  the  fifth  pair.  At  a  former  page  we  have  referred 
Id  a  case  of  paralysis  of  the  fifth  nerve  in  which,  while  taste  was 
altogether  lost  in  the  anterior  part  of  the  tongue,  it  continued  at  its 
posterior  part ;  the  fifth  nerve  which  supplies  the  tongue  in  the  former 
skoation  being  paralyzed,  whilst  the  glossopharyngeal,  distributed  in 
Iho  latter  region,  was  free  firom  disease.  Two  very  interesting  cases 
oonfirmatory  of  the  same  view  have  since  been  published  by  Mr. 
DfauHi,  in  the  Med.  CHr.  TVonf.,  vol.  xxviii. 

Disease,  limited  to  this  nerve,  is  of  extremely  rare  occurrence.  In 
OBO  instance  that  we  have  met  with,  in  which  its  neurilemma  was 
ooosiderably  thickened,  there  was  not  only  total  inability  to  swallow, 
bat  likewise  the  mucous  membrane  of  the  pharynx  was  quite  insen- 
■ble  to  stimuli,  and  that  surftice  of  the  fauces  which,  in  health,  may 
bs  excited  by  the  slightest  touch  of  a  feather,  admitted  even  of  firic- 
IM  without  any  uneasiness  to  the  patient,  or  the  least  muscular 
eontraction. 

The  functions  of  the  glossopharyngeal  nerve  are  highly  worthy  of 
BB  attentive  study,  in  reference  to  the  very  important  qujestion  dis- 
oosoed  at  a  former  page,  as  to  the  existence  of  distinct  spinal  and 
enebral  fibres.  We  have  in  it  an  example  of  a  nerve  at  once  excitor 
■ad  sensitive ;  it  is  a  most  marked  instance  of  a  nerve,  not  motor  in 
ilodf,  but  capable  of  exciting  motion  by  its  influence  on  others.  Yet 
■O'part  of  the  surface  to  which  it  is  distributed  can  be  touched  without 
iOBMtion  being  excited,  and  with  it  motion.  The  stimulation  even  of 
dttl  portion  of  the  tongue  which  receives  filaments  from  it,  is  capable 
of  ezciting  the  pharyngeal  muscles  to  contract,  although  the  action 
b  sot  00  energetic  as  when  the  stimulus  is  applied  to  the  isthmus 
boeium.  In  examining  the  fauces  of  patients,  the  practitioner  has 
iieqnent  opportunity  of  observing  the  extraordinary  sensibility  of  the 
nmeoos  membrane,  where  the  glossopharyngeal  nerve  ramifies,  and 
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the  remarkiible  rapidity  with  which  the  pharyngeal  moioi^fl 
f  to  the  slightest  stimulus  applied  to  it.  ^ 

I        The  following  conclusions  may  be  adopted  respecting  the  m 
I  pharyngeal  nerve,  ■ 

I  '  1.  It  is  the  sensitive  nerve  of  the  mucous  membrane  of  the  fin 
>  «nd  of  the  root  of  the  tongue,  and  in  the  latter  situation  it  ininidcn 
I  to  taste  and  touch  as  well  as  to  common  sensibility ;  and  bein^lbt 
Mnsitive  nerve  of  the  fauces,  it  is  probably  concerned  in  the  ivth^ 
I  *f  nausea  which  may  be  so  readily  excited  by  stimulating  the  mm 
membrane  of  this  region. 

2.  Such  are  its  peripheral  organization  and  central  connecliM!, 
I  4hBt  stimulation  of  any  pact  of  the  mucous  membrane  in  vrbic' 

Tamifies,  excites  instantly  to  contraction  all  the  faucial  muscles  !<p- 

,  •plied  by  the  vagus  and  the  facial  nerves,  and  the  permanent  inii*- 

'  4ion  of  its  peripheral  ramifications,  as  in  cases  of  sore  ihioil,  "iC 

jftflcct  other  muscles  supplied  by  the  facial  nerve  likewise.     Il  ti, 

therefore,  an  excitor  of  the  movements  necessary  to  pharyngtal  it- 

^lulition. 

I   .     Of  the  Vagus  J^'erve. — The  par  vagumor  pneumogastric  ttrrvt'att 

k\l  the  encephalic  nerves  the  most  extensively  connected. 
I  '  This  nerve  emerges  from  the  medulla  oblongata  iaimediBtel]ib» 
'  -tow  the  glossopharyngeal,  by  from  eight  lo  ten  fasciculi  of  fihrs 
which  pass  outwards  lo  an  opening  in  the  dura  mater,  through  wbieb 
I  lit  escapes  in  company  with  the  spinal  accessory.  The  line  «lwil 
t  (Which  its  fascicles  emerge  from  the  medulla  is  placed  a  little  behiad 
i  Ae  posterior  edge  of  the  olivary  body.  These  fascicles  penelnUlkl 
I  olivary  columns,  and  are  there  implanted  in  especial  accumula^df 
I  >resicular  matter. 

M  A  ganglion  is  formed  upon  the  vagus  nerve  immediately  it  nlrn 
•Ae  canal  of  the  dura  mater.  From  this  ganglion  some  snull  n«rm 
■eome  off".  Shortly  after  the  emergence  of  the  vagus  nerve  froo  lit 
4)t)se  of  the  skull,  another  gangliform  enlargement  is  formed  upiui  ii, 
■Tfhich  Arnold  calls  plexus  gangU/ormis.  It  is  at  the  situation  of  (fca 
'«nlargement  that  the  union  between  this  nerve  and  the  intemfll  bnncb 
of  the  spinal  accessory  takes  place. 

At  its  upper  pari  the  vagus  forms  numerous  anastomoses,  al  fi^t 
nerves  given  off  from  the  ganglion.  These  are,  a,  with  the  g«ii- 
nn  petrosiim  of  the  glossopharyngeal,  b,  with  the  carotid  bno^  of 
The  superior  cervical  ganglion,  c,  with  the  facial  nerve,  through  the 
branch  called  by  Arnold  the  auricular,  which  is  situate  in  (he  jngnl" 
fossa  outside  the  vein,  and  is  seen  through  its  coats  when  thai  vttiA 
is  laid  open.  It  anastomoses  likewise  with  the  ninth  nerve,  with  the 
cervical  plexus,  and  with  the  superior  cervical  ganglion,  in  anainMt 
sometimes  very  intimate. 
-    The  following  branches  are  given  off  by  the  vagus  nerve. 

1.  The  Pharyngeal  Branch. — This  is  believed  by  some  anatomift 
to  be  derived  altogether  from  the  spinal  accessory  nerve,  through  iti 
anastomosis  with  the  vagus.  It  forms,  along  with  the  glossophaiTi^ 
geal,  some  cervical  nerves  and  sympalheltc  filaments,  the  pharyngoi 
plexus,  and  its  branches  seem  to  be  distributed  to  the  muscles  of  tbt 
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:.  Sometimes  there  are  two  pharyngeal  branches,  a  superior 
irior. 

he  Superior  Laryngeal  JVervei  which  eives  off  the  external 
il  nerve  to  the  crico-thyroid  muscle,  and  is  itself  distributed  to 
!ous  membrane  of  the  larynx,  and  sends  an  anastomotic  branch 
iferior  laryngeal  nerve. 

irvical  Cardiac  Branches. — These  are  at  least  two  in  number 
side,  and  they  pass  down  in  front  of  the  innominata  on  the  right 
the  aortic  arch  on  the  left,  and  contribute  to  form  the  small 
between  the  aorta  and  pulmonary  artery. 
he  Inferior  Laryngeal  JVerve. — This  important  nerve  is  distri- 
all  the  intrinsic  muscles  of  the  larynx,  except  the  crico-thyroid. 
;uliarity  of  its  course  has  given  it  the  name  recurrent.  It  has 
ing  relations  diflering  on  the  right  and  left  side.  Arising  on 
side  just  in  front  of  the  arch  of  the  aorta,  it  winds  round  the 
ty  of  that  vessel,  and  ascends  between  the  oesophagus  and  the 
to  the  lower  edge  of  the  inferior  constrictor  of  the  pharynx, 
rve  of  the  right  side  separates  from  the  trunk  just  above  the 
ian  artery,  and  winds  round  it,  ascending  in  the  neck  to  a 
destination. 

recurrent  nerves  before  their  ultimate  distribution  give  off 
8  to  the  heart,  to  the  trachea,  to  the  oesophagus,  and  to  the 
constrictor  of  the  pharynx. 

ferior  or  Thoracic  Cardiac  Branches,  distributed  to  the  peri- 
ls and  the  cardiac  plexus. 

nUrior  Pulmonary  Branches,  passing  in  front  of  the  bronchial 
the  root  of  the  lung,  and  penetrating  the  pulmonary  substance, 
ith  the  ramifications  of  th%  bronchus,  and  of  the  pulmonary 

liophageal  Branches,  which  are  very  numerous,  and  distributed 

ssophagus,  throughout  its  entire  length. 

racheal  Branches,  to  the  mucous  membrane  and  muscular  fibres 

achea. 

titerior  Pulmonary  Bfanches;  these  go  to  form  the  posterior 

iry  plexus,  of  which  there   are  a  right  and  a  left  plexus, 

inastomose  freely  with  each  other,  situate  behind  the  bifurca- 

the  trachea.     The  ramifications  of  this  plexus. follow  chiefly 

rse  of  the  bronchial  tubes,  being  distributed  to  their  mucous 

ne  and  muscular  fibres. 

giving  off  the  pulmonary  branches,  the  vagi  nerves  pass 
long  the  oesophagus,  giving  off  branches  to  it,  and  passing 

the  oesophageal  opening  of  the  diaphragm,  are  distributed  to 
lach.  The  left  nerve  passes  in  front  of  the  cardiac  orifice, 
»me  filaments  over  the  splenic  cul-de-sac,  and  follows  the 
»f  the  lesser  curvature ;  some  of  its  branches  passing  in  the 
mentum  to  the  liver,  whilst  the  rest  are  distributed  to  the 

the  stomach.     The  right  nerve  passes  behind  the  cardiac 
and  after  giving  several  branches  to  the  stomach,  sinks  into 
r  plexus. 
3utline  of  the  anatomical  distribution  of  this  extensively  con-^ 
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nected  nerve  is  suflicienl  to  show  thai  it  is  devoted  to  mnmoi 
fibres  as  well  as  to  seniieat  surfaces,  and  that  it  roust  be  regarded  u 
a  compound  nerve,  sensiiive  as  well  as  motor.  The  existence  of  the 
ganglion,  which  involves  all  the  fibres  of  the  vagus  nerve, loth* 
canal  of  the  dura  mater,  has  led  to  the  opinion  that  all  tig  propir 
fibres  are  sensitive,  while  those  branches  which  go  to  rousclesut 
derived  from  its  large  anasloniosis  with  ihe  spinal  accessory.  V^ 
ther  this  view  be  correct  or  not,  it  is  certain  that  a  free  communicatim 
exists  Just  below  tbe  basis  cranii  between  the  vagus  and  the  spinal 
accessory  nerves. 

The  branches  of  this  nerve,  which  anatomy  shows  to  be  pumlj 
motor,  are  the  pharyngeal  and  Ihe  inferior  laryngeal,  whilst  tit 
cardiac,  oesophageal,  pulmonary,  and  gastric  branches  are  doabllni 
of  a  mixed  character,  and  the  superior  laryngeal  is  purely  sensitirt, 
with  tbe  exception  of  those  of  its  fibres  which  form  the  exlersii 
laryngeal  nerve. 

The  distribution  of  tbe  vagus  nerve  in  Ihe  inferior  mammalia  W^ 
responds  very  closely  wilh  that  in  man,  and  so  far  confirms  the  fitvt 
of  function  suggested  by  human  anatomy.  Its  connection  with  llw 
sympathetic  in  some  of  the  mammalia  (the  dog  and  cat,  for  instanct), 
is  more  intimate  than  in  man,  for  the  upper  part  of  the  cervical  portiw 
of  the  sympathetic  is  closely  connected  with  it,  so  that  theyapp<iTta 
form  but  one  nervous  trunk,  Tbe  general  disposition  of  the  nerrt 
in  birds  and  reptiles  does  not  materially  difier  from  that  in  man,  and 
it  has  an  analogous  arrangement  in  fishes. 

The  results  of  Ihe  numerous  experiments  of  which  this  nerve  hu 
been  made  the  subject,  accord  in  a  striking  manner  with  the  coa- 
elusions  dedueible  from  anatomy.  Thus,  mechanical  and  plTioic 
irritation  of  Ihe  pharyngeal  branches  has  always  produced  contn^ 
tions  of  the  pharynx:  irritation  of  the  superior  laryngeal  nem 
'  causes  contraction  of  the  crico-thyroid  muscle  only,  whilst  that  of 
the  inferior  laryngeal  causes  forcible  contraction  of  the  laiyngtal 
muscles  as  well  as  of  the  inferior  constrictor  of  Ihe  pharjDX.  In  i 
living  animal  tbe  slightest  touch  to  the  mucous  membrane  of  the 
glottis  will  cause  tbe  instant  closure  of  that  fissure,  if  the  nperioi 
laryngeal  nerve  be  uninjured,  but  if  that  nerve  be  divided  on  brti 
sides,  the  glottis  may  be  irritated  with  impunity.  It  is  plaiD.tbcii, 
that  the  inferior  laryngeal  is  Ihe  principal  motor  nerve  of  thehojni, 
and  that  the  superior  laryngeal  is  at  once  the  sensitive  nerve,  anil 
the  excitor  of  the  motor  action  of  the  inferior  laryngeal  through  fin 
medulla  oblongata. 

It  is  scarcely  necessary  lo  remark  how  untenable  is  the  opinion  «!• 
vocated  by  Majendie,  that  an  antagonism  exsits  between  Ihe  supfB" 
and  inferior  laryngeal  nerves,  tbe  one  acting  upon  Ihe  constrcloiii 
the  other  upon  the  dilators  of  ihe  larynx.  The  superior  laryogrti 
nerve  supplies,  as  we  have  seen,  only  one  muscle,  and  the  infenoij 
to  which  he  assigns  the  office  of  opening  tbe  glottis,  supplies  tho* 
muscles  which  are  the  principal  agents  in  closing  it. 

Impairment  or  destruction  of  vocal  power  is  a  consfaBt-jflMj 
paaiinent  to  injury  or  complete  section  of  tbe  recurrent  imntl^^M 
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An  inferestiDg  experiment  of  Dr.  J.  Reid  illustrates  the  power  of 
leh  laryngeal  nerve  respectively.  When  the  inferior  laryngeals  were 
at,  the  superior  remaining  intact,  a  probe  introduced  into  the  glottis 
ccasioned  signs  of  pain  and  efforts  to  cough,  without  any  contraction 
f  the  glottis.  But  when  the  superior  laryngeal  nerves  were  cut,  the 
eenrrents  beins  unimpaired,  the  probe  could  be  introduced  without 
iieitiog  any  irritation  or  effort  whatever. 

This  experiment  demonstrates  unequivocally,  that  the  spasmodic 
idion  induced  in  the  larynx  by  the  application  of  a  stimulus  to  its 
BQCOoa  membrane,  must  be  referred  to  the  class  of  physical  nervous 
ledons,  and  results  from  the  influence  of  the  superior  laryngeal  upon 
Ik  inferior,  through  the  connection  of  their  respective  points  of  im- 
iluitation  in  the  nervous  centre. 

There  can  be  no  doubt  that  the  motions  of  the  oesophagus  are  re- 
phted  by  the  various  oesophageal  fibres  given  off"  from  this  nerve,  in 
t»  course  through  the  thorax.  Irritation  of  its  trunk  has  always  pro- 
heed  contractions  of  the  oesophap;us,  as  testified  by  many  experi- 
Mters.  These  contractions,  Dr.  Reid  states,  extended  throughout 
he  whole  tube  to  the  cardia,  where  they  became  slow  and  vermi- 
Uir;  the  oesophagus  being  shortened  and  diminished  in  calibre  at 
Mh  application  of  the  irritant. 

Distinct  palsy  of  the  oesophagus  may  be  produced  by  section  of  the 
^s  in  the  neck.  The  following  effects  followed  this  experiment 
7  Dr.  Reid  on  a  rabbit,  which  had  been  kept  fasting  for  sixteen  hours 
Kfious  to  the  experiment.  The  animal  ate  a  quantity  of  parsley, 
■id  considerable  dyspnoea  and  cough,  with  many  efforts  to  vomit. 
i  died  in  five  hours.  The  oesophagus  was  found  full  of  parsley 
hroogfaout  its  entire  extent  down  to  the  stomach,  which  was  dlsofilledy 
khoQgh  not  distended  ;  and  a  good  deal  of  thesparsley  had  passed 
itothe  trachea  and  bronchial  tubes,  and  even  into  the  minute  air-cells 
f  die  longs. 

The  appearances  in  this  experiment  indicated  complete  paralysis 
f  the  oesophagus.  This  tube  was  filled  by  the  propulsive  power  of 
^  pharynx,  which  sent  on  morsel  afler  morsel,  until  the  whole 
taich  and  gullet  were  filled,  the  latter  being  perfectly  passive ; 
Bd  after  these  parts  were  occupied,  and  thus  resisted  the  further 
ttttge  of  the  parsley,  it  found  its  way  more  readily  into  the  larynx 
^trachea. 

It  may  be  inferred  from  this  and  similar  experiments  that  some- 
^gmore  than  an  irritable  condition  of  the  muscular  coat  of  the 

3>bagus  is  requisite  in  order  to  insure  its  contraction  when  dis- 
ed  by  food. 
The  muscular  fibres  were  quite  uninjured,  and,  therefore,  ought 
We  acted,  if  the  stimulus  of  distension  were  alone  sufficient  to 
'Cite  their  contraction.  The  true  cause  of  their  inaction  was  the 
•Action  of  the  nervous  circle  through  which  the  sensitive  nerves 
the  oesophagus  could  excite  its  motor  nerves.  This  portion  of 
-act  of  deglutition,  therefore,  is  like  that  in  the  pharynx,  a  physical 
^on,  brought  about  by  the  impression  of  the  food  upon  the  sentient 
fves  of  the  oesophagus,  which  propagate  their  change  to  the  centre 
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where  the  motor  fibres  become  exciicd.  It  cannot 
ever,  Ihat  the  mind  is  unconsL-ious  of  this  part  of  the  act  of  deelali- 
tion,  although  it  may  be  reasonably  admitted  that  it  has  no  neceauj 
share  in  it. 

The  results  of  section  of  the  cardiac  nerves  show  that  ibM 
nerves  exert  only  a  pnrttal  influence  upon  Ihe  heart:  the  ileslnctHi 
of  ibera  affects  the  actions  of  Ihal  organ  only  to  a  limited  dfgne, 
inasmuch  as  the  heart  receives  nerves  from  the  sympathetic  u  wU 
as  from  the  vagus. 

Numerous  experiments  demonstrate  most  unequivocally  that  lUi 
nerve  is  of  vast  importance  lo  (he  function  of  respiration.  Sedtcn 
of  one  nerve  produces  no  effect  upon  the  respiratory  organs,  eilli« 
atruclural  or  functional.  Dr.  Reid  made  careful  examinaliartt  is 
ascertain  if,  after  cutting  out  a  large  portion  of  one  nerve,  the  luagtf 
that  side  suffered  any  alteration  in  its  texture,  but  he  could  not  itttti 
any.  But  when  both  nerves  have  been  divided  above  the  giving  off 
of  Ihe  pulmonary  branches,  the  most  severe  dyspncea  comes  on,  thi 
respirations  are  generally  much  diminished  in  number,  the  animil 
breathes  just  lilce  an  asthmatic;  after  a  short  time  the  lungs  becoiH 
congested  and  cedematous,  and  Ihe  bronchial  tubes  fdled  witb  i 
frothy  serous  fluid.  When  a  piece  has  been  cut  out  of  each  smrrt, 
or  the  cut  ends  of  the  nerves  are  kept  apart,  the  animals  ntm 
survive  beyond  three  days,  and  during  the  whole  of  thai  period  ihej 
suffer  severe  dyspnrea.  If  the  cut  ends  of  Ihe  nerves  he  kept  ia  coo- 
taci,  Ihe  animals  will  live  ten  or  twelve  days. 

It  may  be  inferred  from  Dr.  Reid's  experiments,  that  sectioarf 
the  vagi  nerves  does  not  destroy  that  peculiar  feeling  of  diilna 
{besoin  de  respirer),  which  is  occasioned  by  Ihe  want  of  fresh  lit  i> 
the  lungs.  He  proved  that  animals,  in  which  the  vagi  nerves  bid 
beea  cut,  struggled  violently,  and  seemed  to  sufTer  greatly,  when  tiie 
access  of  air  to  the  lungs  was  cut  off  by  compressing  the  trachea. 

In  such  cases  as  that  just  described,  the  only  channel  through  tixi 
sensitive  impressions  could  be  conveyed  from  Ihe  lungs  lo  the  bfiin. 
is  the  sympathetic  system,  and  it  is  to  the  afferent  power  of  the  sj'ra- 
pathetic  nerves,  and  possibly  to  the  same  power  in  the  cutaDf^"^ 
ramifications  of  (he  (ifih  and  of  (he  spinal  nerves,  that  we  musti"^' 
hute  the  imperfect  excitation  of  the  respiratory  act,  which,  urnler 
these  circumstances,  lakes  place. 

The  phenomena  which  follow  section  of  boih  vagi  are  doubtlw 
to  be  explained  by  the  imperfect  manner  in  which  the  centre  of 
respiration  is  excited,  after  the  destruction  of  the  influence  of  lht« 
nerves  consequent  on  their  section.  The  movements,  afVer  lhe»«- 
tion,  are  partly  of  the  voluntary  kind,  produced  by  the  sense  of  Ji»- 
tress  occasioned  by  Ihe  imperfect  supply.  The  asthmatic  stale  wlurh 
also  follows  the  section,  may  perhaps  be  in  part  caused  by  the  irntt* 
tionofthe  central  portion  of  the  nerve,  exciting  the  medulla  obiong"* 
and  the  extremities  of  Ihe  motor  nerves  of  respiration. 

Lastly,  the  office  of  the  gastric  branches  of  Ihe  vagi  nerves,  ap" 
pears  from  Reid's  experiments   lo   be  chiefly  to  control  the  mO''*" 
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Dents  of  the  muscular  coat  of  the  stomach.  Mechanical  irritation 
if  these  nerves  causes  slow  and  vermicular  contractions  of  this  tunic, 
lection  of  them  may  cause,  in  the  first  instance,  vomiting  and  loath- 
■g  of  food,  and  it  may  retard  the  digestive  process,  but  it  does  not 
mt  an  end  to  it.  For  not  only  do  animals,  with  the  vagi  cut,  eat 
inmI  from  day  to  day,  but,  if  killed  at  a  sufficient  period  af\er  diges- 
ion,  their  lacteals  are  found  filled  with  chyle ;  affording  unequivocal 
•tridence  of  the  persistence  of  the  digestive  process. 

Nor  does  the  section  of  these  nerves  destroy  the  secretion  of  the 
gutric  fluid,  for  the  matter  vomited  affords  evidence  of  its  having 
leen  mingled  with  acid,  and  the  fact  of  the  formation  of  chyle  proves 
kat  stomach  digestion  must  have  taken  place.  Miiller  and  Dickhoff, 
n  their  experiments  upon  section  of  the  vagi  in  geese,  found  the  fluid 
eereted  by  the  stomach  distinctly  acid.  In  Dr.  Reid's  experiments, 
he  ordinary  mucous  secretion  of  the  stomach  was  found  in  its  usual 
pnuitity,  and  when  arsenic  was  administered  to  the  animals,  the 
ftvcoas  secretion  was  quite  as  abundant  as  in  others  in  which  the  vagi 
lenres  were  not  cut. 

The  few  pathological  facts  which  can  be  collected  of  diseased 
lites  of  the  vagi  nerves  are  confirmatory  of  the  conclusions  deduci- 
de  firom  anatomy  and  experiment.  Several  instances  are  recorded 
€  loss  of  voice  and  dyspnoea,  symptoms  resembling  those  of  chronic 
atyngitis,  caused  by  the  compression  of  the  recurrent  by  an  aneu- 
ismaJ  or  other  tumour.  The  violent  convulsive  cough,  which  accom- 
itnies  enlarged  bronchial  glands,  is  probably  due  to  the  irritation  of 
ke  pulmonary  branches  of  the  vagi  nerves.  Hooping-cough  is 
ffobably  an  affection  of  the  vagi  nerves  by  a  peculiar  poison.  Dr. 
JKJ  attributed  the  phenomena  of  laryngismus  stridulus  to  the  irri- 
Ition  of  enlarged  cervical  glands,  affecting  the  recurrent  nerves, 
■d  there  seems  no  doubt  that,  although  the  symptoms  of  this  disease 
ccar  more  frequently  as  part  of  a  peculiar  exnausted  state  of  system, 

Smay  be,  and  are,  produced  sometimes  by  the  local  irritation  of 
gland. 
The  diseases  in  which  this  nerve  is  involved  are  chiefly  those 
iliich  affect  its  gastric  and  pulmonary  branches.  The  sympathy 
rhich  all  practitioners  admit  to  exist  between  the  digestive  and  respi- 
alorj  organs  is  explained  by  the  anatomical  relations  of  this  nerve. 
lathma  is  essentially  an  irritation  of  the  centre  of  respiration  and  of 
his  nerve ;  this  disease  almost  invariably  begins  by  some  deranged 
tate  of  digestion,  or  by  the  introduction  of  some  poisonous  material 
irom  without;  some  very  subtle  material  suspended  in  the  air,  and 
wrought  by  inhalation  into  contact  with  the  respiratory  surface,  for  ex- 
imple,  the  minute  particles  which  pass  off  from  powdered  ipecacuanha, 
»r  from  hay.  Asthma  and  intermittent  fever  often  go  together,  be- 
taose  the  marsh  poison  which  gives  rise  to  the  one,  may  likewise 
fzcite  the  other.  Asthma,  which  has  occurred  once,  is  easily  repro- 
laced  by  irregularities  of  diet,  and  consequent  disturbance  of  diges- 
ion ;  and  the  frequent  recurrence  of  the  asthmatic  paroxysm  causes 
he  dilated  state  of  the  air-passages  and  air-cells  of  the  lungs,  the 
lilation  of  the  right  cavities  of  the  heart,  and  the  general  displace- 
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ment  or  tbat  orgao,  which  are  invariably  present  in  persons  who  hiTt 

I  long  been  subject  to  this  disease.  Vomiting  may  be  exciteii  bj  ini- 
I  Jation  of  the  central  or  the  peripheral  extremity  of  this  nerve,  li 
I  tlisease  at  the  base  of  the  brain,  vomiting  is  frequently  an  early  sjnip- 
I  torn,  being  caused  by  irritation  of  the  central  extremity  of  (he  rigns. 
I  Jo  sea-sickness  the  cerebral  extremity  of  Ihe  nerve  is  irrilateti  bv  lb 
I  jdisturbance  of  the  circulation  in  the  craoiuni.  By  introiluctDg  emtbc 
I  Bubstances  into  the  stomach,  the  vomiting  is  produced  by  ihetrhU- 
I  Jaon  of  the  peripheral  extremity. 

I  Many  of  the  actions  in  which  the  vagus  nerve  is  concerned  are  gi 
I  the  physical  kind.  Of  these,  (esophageal  deglutition  is  the  mat 
I  marked.  The  closure  of  the  glottis  upon  the  application  of  uj 
I  'stimulus  to  its  mucous  membrane,  is  another  example  of  the  aiK 
I  nature.  But  in  both  these  instances,  and  in  all  (he  aiovemcots  <(iti 
I  ;which  this  nerve  has  to  do,  sensation  accompanies  the  act.  Tnir» 
[  pbageal  deglutition,  (here  is  less  sensation  than  in  the  other  nove 
I  ments,  but  it  is,  nevertheless,  present,  particularly  in  case  of  uf 
I  impediment  being  offered  to  the  passage  of  the  food.  With  reference 
I  to  the  movements  of  ihe  glottis,  it  is  interesting  to  remark,  thai  vhiki 
I  ^e  will  exercises  a  minuteness  of  control  over  them  which  is  osl; 
f  surpassed  by  the  power  which  it  has  over  these  of  the  fingers,  it  if 
I  only  closure  of  the  glottis  which  is  caused  by  a  physical  stimulus.  Ik 
I  obvious  explanation  of  this  is  derived  from  the  great  prepoudenM 
I  pf  the  constrictor  over  the  dilator  muscles  of  (he  glottis. 
I  On  what  grounds  Dr.  M.  Hal!  asserts  that  "  the  vagus  nem  b 
1  certainly  the  least  sentient  of  any  in  the  class  verlebrata,  we  iitlt 
1  a  loss  to  discover.  We  do  not  hesitate  to  adirm  that  every  act  of  O 
[  ^xcitorkind,  in  which  it  is  concerned,  is  accompanied  by  seoaliBi^ 
I  which  in  some  is  exquisite,  in  others  feeble.  Nor  can  we  derive, cilkr 
f  from  the  anatomy  or  physiology  of  this  nerve,  any  conllrmatioD  loUi 
I  hypothesis  of  a  special  series  of  excilor  and  motor  nerves.  It  is  nil 
[  known  that  continued  simulation  of  the  pharyngeal  porlioo  of  Ac 
I  glosso-pharyngeal  nerve  upon  the  fauces  will  produce  the  feelinjol 
I  nausea,  and  even  vomiting.  Nausea  is  a  feeling,  accompanied  byi 
1  particular  condition  of  the  muscular  coat  of  the  (esophagus  tai  Xo- 
I  iDsch,  preparatory  lo  vomiting,  and  may  be  produced  by  a  errtiio 
I  degree  or  kind  of  stimulation  of  any  part  of  the  mucous  membrane 
I '^m  the  fauces  to  the  stomach.  The  vagus  as  well  aslheglosso- 
f  pharyngeal,  is  the  instrument  of  this  sensation;  for  (he  latter  tart 
I  iiBS  not  sufficiently  extensive  connections  to  justify  the  supposition  tbi 
I  it  is  the  sole  agent.  And  this  may  he  cited  as  a  most  striking  iastaoce 
I  of  the  sensitive  endowment  of  the  vagus. 

I  The  following  conclusions  may  be  adopted  respecting  thiii  ntrrt 
I  ted  its  branches, 

1.  That  the  vagus  nerve  contains  filaments  both  of  sensalioo  «ii 
motion. 

2.  That  its  pharyngeal  branches  are  motor. 

"  The  whole  passnpe  is.  "This  nerve  (ihe  vaens)  is  censinly  iHe  Itait  serllcBi.w' 
Ibe  moil  purely  picilor,  orany  in  ilie  class  veriebraln."— AVw  Memoir  an  JiU  ArW 
5yi/eRi,Adv.  p,  B. 
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3.  That  its  superior  laryngeal  branch  is  the  sensitive  nerve  of  the 
larynx,  containing  a  few  motor  filaments  to  the  crico-thyroid. 

4.  That  the  inferior  laryngeal  is  the  principal  motor  nerve  of  the 
hiynx. 

&  That  the  cardiac  branches  exert  a  slight  influence  on  the  move- 
ments of  the  heart. 

6.  That  its  pulmonary  branches  contain  both  motor  and  sensitive 
filamentSi  and  exercise  an  important  influence  upon  the  respiratory 
acts,  for  they  cannot  be  destroyed  without  retarding  materially  the 
respirations,  impeding  the  passage  of  the  blood  through  the  lungs, 
ana  causing  oedema  of  these  organs. 

7.  That  Its  oesophageal  branches  are  the  channel  through  which 
fte  muscles  of  that  tube  are  excited,  through  the  medulla  oblongata. 
Id  contract. 

8.  That  the  gastric  branches  influence  the  movements  of  the 
glomach,  and  probably  in  some  degree  the  secretions  and  the  seosi- 
Inlify  of  its  mucous  membrane ;  but  that  their  integrity  is  by  no 
aeans  essential  to  the  continuance  of  the  secretion,  or  to  complete 
dqrmification. 

Of  the  Spinal  Accessory  JVerve, — The  term  spinal  is  .applied  to  this 
serve  because  of  its  extensive  connection  with  the  upper  part  of  the 

E'nal  cord.  It  escapes  from  the  cranium  along  with  the  vagus 
oogh  a  common  opening  in  the  dura  mater ;  but  its  roots  are  im- 
plant^ in  the  side  of  the  medulla  oblongata,  and  of  the  cervical 
region  of  the  cord  as  low  as  to  the  level  of  the  fifth  or  sixth  cervical 
MTve.  On  examining  the  side  of  the  upper  part  of  the  spinal  cord, 
Ae  iascicles  of  origin  of  this  nerve  are  seen  emerging  from  it,  in  the 
mterval  between  the  ligamentum  denticulatum  and  posterior  roots  of 
the  spinal  nerves.  The  lowest  fascicles  are  those  nearest  to  the  pos- 
terior roots  of  the  lower  cervical  nerves.  By  the  union  of  all  the 
jBttcicles  the  nerve  is  formed,  and  it  enters  the  cranial  cavity  from  that 
of  the  spine  through  the  foramen  magnum. 

Sometimes  some  of  the  upper  roots  of  the  spinal  accessory  nerve 
coalesce  with  the  posterior  roots  of  the  suboccipital  and  the  second 
and  third  cervical  nerves.  This  appears  to  be  nothing  more  than  a 
jonction  of  the  fibres  of  two  nerves  which  emerge  from  the  nervous 
centre  in  close  proximity  to  each  other. 

Very  shortly  after  the  escape  of  the  spinal  accessory  nerve  from  the 
fiiramen  lacerum,  it  divides  into  an  internal  and  an  external  branch. 
He  former  coalesces  with  the  vagus,  where  its  second  ganglion  is 
formed,  and,  according  to  some  physiologists,  supplies  the  motor 
blanches  of  that  nerve ;  the  latter  passes  outwards  and  downwards, 
through  the  deeper  fibres  of  the  sterno-mastoid  muscle,  to  which  it 
ffrea  some  branches,  and  anastomoses  with  branches  of  the  second 
and  third  cervical  nerves ;  and  having  crossed  the  triangular  space  in 
the  neck  between  the  sterno-mastoid  and  trapezius,  it  penetrates  the 
latter  muscle  at  its  deep  surface,  and  is  distributed  in  it,  anastomosing 
with  other  branches  of  the  cervical  plexus. 

We  learn  from  the  anatomy  of  this  nerve  that  it  supplies  two  great 
muscles,  which  play  an  important  part  in  efiecting  certain  movements 
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of  the  head  and  shoulder,  and,  in  a  secondary  manner,  e 
the  actions  of  respiration,  especially  (o  those  of  a  forced  or  extnonfi- 
nary  kind  ;  and  likewise  that  it  forms  a  junction  with  the  vagus  an 
by  a  branch  which  consists  of  a  considerable  number  of  iibres. 

There  can  be  no  doubt,  from  anatomy,  that  those  fibres  of  the  atm 
which  pass  to  the  trapezius  and  sterno- mastoid  muscles,  are  priiio- 
pally  motor,  for  their  main  distribution  is  to  these  muscles;  andill 
experimenters  agree  in  staling  that,  whenever  stimulated,  they  «xcitt 
these  muscles  to  contract.  Anatomy,  however,  equally  iadictla 
that  these  muscles  derive  motor  power  from  branches  of  ihecfrriol 
plexus  likewise. 

The  office  of  the  internal  branch,  which  incorporates  itself  wilbflt 
vagus  nerve,  is  not  so  easily  determined.  Scarpa,  Arnold,  Biscl»f| 
Bendz,  and  others,  viewed  it  as  contributing  the  motor  fibres  Iclfat 
nerve,  bearing  to  it  the  same  relation  as  the  anterior  to  ibe  posieriv 
root  of  a  spinal  nerve. 

An  objection  to  this  view,  although  not  an  insuperable  one,  h  snj- 
gested  by  the  origin  of  the  nerve,  which  seems  more  in  acconianrt 
with  that  of  the  posterior  roots  of  the  spinal  nerves  than  with  thfii 
anterior  roots,  and  this  is  especially  the  case  with  the  lower  fascicirt 
of  origin  which  emerge  from  the  cord  quite  close  to  the  posterior  roou 
of  the  cervical  nerves.  The  reply  to  this  objection  is,  that  llie  ex- 
ternal branch  of  the  nerve  is  nevertheless  distinctly  motor,  and  thil 
therefore  the  internal  may  be  so  likewise.  Morganii  and  Brnurd 
affirm  that  the  lower  roots  form  the  external  branch  ;  if  so,  Ihealkt 
superior  fascicles  may  be  those  which  contribute  to  form  Iheintraid 
branch,  and,  therefore,  its  function  probably  difTers  from  thatirffkl 
external  branch.  We  have  already  alluded  to  the  fact  thiiaco* 
tion  is  sometimes  observed  between  the  posterior  roots  of  the  firrtor 
second  cervical  nerves,  and  the  upper  roots  of  the  spinal  accMsnfj. 
The  function  of  the  former  being  confessedly  sensitive,  it  ishighir 
probable  that  the  latter  nerves,  which  are  apt  to  coalesce  with  iheo, 
should  perform  a  similar  office. 

To  determine  this  question  by  experiment  is  extremely  djffiini'l 
by  reason  of  the  small  size  of  the  internal  branch  and  the  great  Jepiii 
at  which  it  is  situate,  which  render  it  almost  impossible  to  wpow 
the  nerve  without  injuring  the  vagus  itself.  Accordingly,  weEndtbe 
recorded  statements  of  physiologists  regarding  the  results  ofsacbei- 
periments,  quite  contradictory.  The  grenlest  number  of  obserreB, 
and  the  most  recent  ones,  give  their  evidence  against  the  motor  foflP- 
tion  of  the  internal  branch,  at  least  against  the  doctrine  of  its  yielding 
the  motor  fibres  of  the  vagus  nerve.  Most  of  them,  however,  igtw 
in  stating  that  a  degree  of  hoarseness  and  feebleness  of  voice  alinj* 
followed  the  section  of  (he  internal  branch,  as  if  some  of  the  molw 
fibres  of  the  laryngeal  nerves  were  derived  from  it.  From  Muller*! 
and  Dr.  John  Reid's  experiments,  by  irritation  of  the  spinal  arett- 
aory  nerve  within  the  cranium,  no  conclusive  results  were  obtain'^ 
favourable  to  the  view  which  assigns  motor  power  to  the  intewil 
branch  ;  on  Ihe  contrary,  these  experimenis  ralher  tend  to  prove  lli»i 
the  vagus  contains  within  ilself  the  motor  fibres  suthcient  for  the  p«n* 
it  supplies.     These  experimenters  found  that  irritation  of  the  trunk  of 
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he  vagus,  before  its  junction  'with  the  spinal  accessory,  caused  con- 
rmctions  of  the  pharyngeal  and  laryngeal  muscles,  as  well  as  of  the 
bres  of  the  oesophagus. 

Respecting  the  external  branch  of  the  spinal  accessory  nerve,  it 
as  been  already  stated  that  experiment  confirms  the  results  deducible 
(om  anatomy.  We  know  that  the  trapezius  and^terno-mastoid  mus- 
ks receive  nerves  from  the  cervical  plexus  as  well  as  from  the  spinal 
eeessory.  If  the  latter  be  cut,  these  muscles  are  not  paralyzed, 
Mioagh  weakened,  and  continue  to  act  fn  respiratory  as  well  as  in 
'oluntary  movements,  contrary  to  the  views  of  Sir  C.  Bell,  who 
egarded  the  spinal  accessory  nerves  as  special  nerves  of  respira- 
ioD,  whilst  those  of  the  cervical  plexus  were  nerves  of  volition. 
(here  are,  indeed,  no  good  grounds  for  coming  to  any  other  conclu- 
iim  than  that  which  Dr.  John  Reid  arrives  at;  namely,  that  the 
xtemal  branch  of  the  spinal  accessory  exactly  resembles,  in  its  func- 
vaoz^  the  branches  of  the  cervical  plexus  with  which  it  so  freely 
flsstomoses. 

It  may  be  fairly  asked,  however,  why  do  the  trapezii  and  stemo- 
lastoid  muscles  receive  their  nerves  from  a  double  source  ?  The 
MMt  reasonable  reply  to  this  is,  that  while  the  branches  of  the  cer- 
ieal  plexus  serve  to  connect  these  muscles  with  the  centres  of  voli- 
km  and  sensation  in  the  ordinary  way,  the  external  branch  of  the 
innal  accessory  connects  it  in  a  more  direct  manner  with  the  centre 
f  respiration.  Nevertheless,  this  branch,  although  especially  im- 
IsDted  in  that  centre,  is  capable  of  obeying  voluntary  impulses,  so 
ntfg  as  the  medulla  oblongata  maintains  its  normal  relation  to  the 
entre  of  volition. 

Thus,  on  the  whole,  we  assign  motor  power  to  the  external  branch 
f  the  spinal  accessory,  but  we  see  no  good  reason  to  subscribe  to 
le  opinion  that  its  internal  branch  must  be  regarded  as  the  motor 
9oi  of  the  vagus.  Indeed,  we  are  much  more  disposed,  for  ana- 
Mnical  reasons,  to  regard  the  office  of  this  branch  as  totally  different. 
lone  of  the  views  hitherto  put  forward  respecting  this  nerve  explain 
le  object  of  its  peculiar  and  most  extensive  connection  with  the  nerv- 
DS  centre ;  a  connection  which,  in  the  larger  quadrupeds,  is  still 
mre  extensive  than  in  man.  Our  view  is  as  follows :  the  internal 
ranch  of  the  spinal  accessory  consists  of  afferent  fibres,  which, 
OflDected  with  the  sensitive  surface  of  the  respiratory  organs,  pass 
iwards  the  centre  in  the  trunk  of  the  vagus,  but  separate  from 
lat  nerve  to  be  implanted  in  a  large  extent  of  the  respiratory  cen- 
e.  This  mode  of  implantation  of  the  spinal  accessory  nerve  serves 
>  bring  the  sentient  surface  of  the  lungs  and  air  passages  into  im- 
lediate  relations  with  the  roots  of  all  those  nerves  which  animate 
le  great  muscles  of  respiration,  the  phrenic,  the  external  thoracic, 
le  cervical  plexus,  and  the  motor  fibres  of  the  spinal  accessory  and 
agos  nerves. 

Ketpeeiing  the  subjects  discassed  in  this  chapter,  the  systematic  works  on 
eteriplive  Anatomy  and  Physiology  may  be  consulted ;  also  Sir  C.  Bell's  and 
ayo's  works,  and  Dr.  Reid*s  Essays  in  the  Edinb.  Med.  and  Surg.  Journal ;  Dr. 
iarshall  Hall's  writings  ;  the  Article  **  Par  Vagum,"  in  the  Cycloptedia  of  Anatomy 
id  Physiology. 
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CHAPTER  XXI. 

TBE  SYMPATHETIC  SEBVE.       ITS  ANATOMY  AND   FDN 

Under  the  title  of  Sympathetic  nerre  is  comprehended  a  great  mt- 
division  of  ihr;  nerFoiis  system,  which  presents  certain  peculiinua 
of  structure  and  of  dislribuiion,  whereby  it  is  strikingly  coatnsiai 
with  the  strictly  cerebro-spinal  nerves. 

It  consists  of  an  iininlerrupted  chain  of  ganglia,  extending  oa  ni 
side  of  the  vertebral  column,  from  the  first  cervical  vertebra  tlownH 
the  coccyx,  and  moreover  extending  upwards  beside  the  ctsmii 
vertebrie,  and  occupying  spaces  between  the  hones  of  the  cnma 
and  those  of  the  face. 

The  ganglia  are  on  the  whole  rather  less  numerous  than  the  veflf- 
brie  :  in  (he  dorsal  region  there  is  generally  a  ganglion  for  each  i» 
tebta.  The  continuity  of  the  chain  is  preserved  by  cordi  of  tear 
munication  which  pass  from  one  to  the  other:  sometimes  iwogan^ 
are,  as  it  were,  fused  together;  the  chains  of  opposite  sides  «>» 
miinicate  with  each  other  at  various  parts  in  the  plexuses  of  nmo 
Tthich  originate  from  them,  and,  in  front  of  the  coccyx,  ihiouehi 
single  ganglion  {ganglion  impar),  which  is  situate  in  front  of  tint 
bone;  whether  they  communicate  at  the  cephalic  exiremily,  ot lot, 
is  uncertain.  Ribes  has  described  a  ganglion  impar  upon  the  aolt- 
lior  communicating  artery  of  the  circle  of  Willis,  similar  In  that  on 
the  coccyx,  and  other  anatomists  regard  the  pituitary  body  in  <)tt 
sella  Turcica  as  a  ganglion  of  this  description,  a  cnmraoa  point 
of  union  for  the  right  and  left  sympathetic  chains  at  their  cruiil 
extremities. 

The  sympaitieiic  ncrce  has  very  much  ihe  s8m«  eencral  arrangement  in  bmbbI- 
Ij'a  aad  bint^  as  in  man.  In  Ihe  Tormer  the  cerviciil  pnnion  is  clo»elf  auocitinl *ub 
the  va^us  nerve  by  a  !>heaiti  of  areolar  lissae,  bul  wilhtiul  inlerchange  of  fibo.  a- 
eepline  at  Us  upper  pdriion.  In  birds  ihe  cervical  puriion  riinu  onlj  it  ikf  ciul 
formed  by  ihc  foramina  of  ihe  iransverse  processes  ii[  ihe  Teriebne.  la  ttt  tow- 
chian  reptiles  the  sympathetic  ie  disposed  as  jn  mammalia.  In  the  chelaavu  rfpule* 
ils  ganglia  are  feu-  and  the  Uieral  cord«  small.  In  serpeals  it  appears  lo  Rani  itie 
dtslinCL  ganglia  irhich  eiisl  in  other  animals;  il  is,  hoverer,  continued  da<n  i^ 
spine  on  each  side,  having  frequent  communications  with  Ifae  vaini''.    Nan*nn< 

[>lext)s?s  occur  in  itsoourae.  In  the  larger  osseous  fishes  ihe  afrnpaibetic  is  ioileim- 
y  disiJDci,  as  in  the  cod ;  it  is  also  present  in  the  ray ;  in  both,  but  e^peciillr  i^ 
latter,  it  is  Ihe  abdominal  portion  which  is  chiellydevtioped.*  In  the  cydoalonam* 
fishes  the  sympathetic  is  said  to  be  wholly  delieienl. 

For  the  sake  of  description,  the  sympathetic  in  the  humaD  bodf 
may  be  diviiled  inio  the  following  portions :  1.  The  Cephalic.  2.  Tin 
Cervical.     3.  The  Dorsal.     4.  The  Lumbar.     5.  The  Sacral. 

In  comparing  these  several  portions,  we  find  that  they  hsvt  ^e^ 
tain  characters  in  common.  Each  portion  consists  of  its  proper  num- 
ber of  ganglia,  which  seems  in  some  degree  influenced  by  the  nms- 

*  See  Mr.  SwBn'u  beautiful  Plaies  of  the  Comp.  AnaL  of  (he  Nervoni  Sjsie»- 
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rtebrse  in  that  region  of  the  spine  to  which  it  belongs.  The 
are  connected  by  cords  of  communication,  which  are  not 
yes,  but  are  true  extensions  of  the  ganglia  in  a  cord-like 
<  that  each  lateral  chain  might  be  described  as  a  continuous 
f  with  swellings  at  certain  intervals.  From  each  portion 
ets  of  nerves  may  be  pretty  constantly  traced :  these  are, 
the  cords  of  communication  between  the  ganglia,  1.  Visceral 
irhich  generally  accompany  branches  of  neighbouring  arteries 
iscera.  2.  Arterial  nerves,  apparently  devoted  to  arteries 
cinity  of  the  ganglia.  3.  Nerves  of  communication  with  the 
or  spinal  nerves,  which  emerge  from  the  cranium  or  spine 
le  ganglia. 

isceral  and  arterial  branches  have  a  remarkable  tendency  to 
xuses,  generally  very  intricate,  which  entwine  around  the 
ssels,  and,  in  the  former  case,  are  conducted  by  them  to  the 
the  viscera. 

ranches  of  communication  with  cerebral  or  spinal  nerves, 
ig  the  most  remarkable  connected  with  this  portion  of  the 
system.  We  have  already  (p.  205)  described  certain  of 
consisting  very  distinctly  of  two  portions  or  bundles,  one 
i  of  tubular  fibres,  the  other  almost  exclusively  of  gelati- 
es.  These  bundles  have  been  very  commonly  described  as 
ng  the  roots  of  origin  of  this  nerve.* 
cing  back  the  gray  bundle,  connected  with  one  of  the  spinal 
:  is  found  that  most  of  its  fibres  ^o  to  the  ganglion  of  the 
root  of  the  nerve,  some  passing  into  the  anterior  root  A 
ese  fibres  may  be  found  in  each  root ;  they  are  not,  however, 
into  the  spinal  cord,  but  seem  to  connect  themselves  only 
>lood- vessels  of  that  organ.  Such  is  probably  the  anatomical 
'  the  so  called  gray  root  of  the  sympathetic  connected  with 
nal  nerve.  It  may,  therefore,  be  more  justly  regarded  as  a 
^nating  from  the  sympathetic  ganglion,  which  by  some  of 

connects  that  ganglion  to  the  ganglion  on  the  posterior 
It,  and  by  others  is  distributed  to  the  vessels  of  the  cord, 
e  conclusion  which  Mr.  Beck's  recent  researches  have  led 
opt,  and  the  careful  examination  of  his  very  able  dissections 
js  to  believe  this  to  be  the  correct  view, 
bite  root,  or  the  bundle  of  tubular  fibres,  when  traced  to  the 
rve,  appears  like  a  branch  of  it,  i.  e.  a  series  of  fibres,  sepa- 
m  it,  and  passing  to  the  sympathetic.  It  derives  fibres  in 
aal  numbers  from  the  anterior  and  the  posterior  root.  In 
lance  it  may  be  seen,  spreading  out  upon  the  adjacent  sym- 
;anglion,  passing  through  its  vesicular  matter,  and  following 
!e  of  the  trunk  of  the  sympathetic  for  a  longer  or  shorter 

then  proceeding  from  it  in  connection  with  its  gelatinous 
^fly  to  viscera.  Mr.  Beck  informs  us  that  he  can,  under  the 
le,  distinctly  trace  the  continuity  of  these  fibres  through  the 

6gQre  of  these  roots  is  n^iven  in  Watzer's  work,  "De  Corporis  hDmani 
nibrica  atqoe  as  a.**    Wutzer  does  not,  however,  distingaish  them  as 
raj.    Berlin,  1817. 
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|;ang1ion,  and  he  is  of  opinion  Ihat  they  tlo  not  form 
Lpeciion  {as  some  fibres  in  ganglia  and  other  nervous  centres  undt 
Efidly  do)  with  Ihe  vesicles  of  the  ganglion,  beyond  that  which  mighl 
P:k'esiilt  from  passing  between  them.  These  fibres,  then,  accordingio 
I  tbis  statement,  must  be  regarded  as  a  branch  of  (he  spinal  nerrt, 
I' distributed,  in  connection  with  gelatinous  fibres  derived  from  tbeijni' 
l^alhelii;  ganglion,  to  viscera  and  other  parts. 
I  If  this  view  of  the  anatomical  relation  between  the  sympathetic 
r  gang'ia  "nd  the  cerebro-spinal  nerves  be  correct,  it  seems  evidai 
I  thai  the  proper  sympathetic  fibres  must  be  viewed  as  a  separate  p()^ 
I  tion  of  the  nervous  system,  consisting  entirely  of  gelatinous  or  nI^c!^ 
I  Bled  fibres  which  originate  in  the  vesicular  matter  of  the  sympattittic 
I  ganglia.  These  fibres,  however,  are  accompanied  in  their  rourw  bj 
I  tabular  fibres,  derived  from  Ihe  cerebro-spinal  nerves,  which  pu 
I  over  or  through  the  sympathetic  ganglia  without  forming  any  ifttiioali 
[  connection  with  them,  and  which  are  distributed  along  with  the  gd^ 
I  tinous  fibres  to  viscera  and  other  parts. 

I  1.  O/'the  Cephalic  portion  of  the  Sympathetic. — This  portion  of  Ai 
[■  Sympathetic  consists  of  ganglia,  which  occupy  different  parts  of  Ik 
I  head,  and  are  connected  with  each  other,  and  with  the  superior  certv 
I  cal  ganglion.     They  are  four  in  number : — 

I  1.  The  ophthalmic  ganglion.  2.  The  spheno-palatine,  or  MeckdH 
I  ganglion.  3.  The  otic  ganglion,  discovered  by  Arnold.  4.111 
I  Submaxillary  ganglion. 

I  The  ophthalmic,  or  lenticular,  or  ciliary  ganglion  is  found  in  IW 
I  Orbit,  situate  on  the  outer  side  of  the  optic  nerve,  a  little  way  btAn 
[  Its  entrance  into  the  eye,  enveloped  in  soft  fat.  It  is  a  small  qoij* 
I  (iangular  ganglion,  of  a  reddish  colour,  not  unlike  a  pellet  of  bt,fai 
I  which  it  may  be  very  readily  mistaken  by  an  inexperienced  diiMctor. 
I  '  Numerous  nerves  proceed  from  the  anterior  angles  of  this  gingftMi 
to  the  eyeball.  These  are  the  ciliary  nerves,  which  have  bwn 
already  described,  p.  423. 

The  ophthalmic  ganglion  is  connected  with  the  third  nerrr,  uul 
vilh  the  nasal  branch  of  the  ophthalmic  division  of  Ihe  fifth.  Tbt 
branch  of  communication  with  the  third  nerve  is  a  short  thick  nerrc 
which  comes  from  the  inferior  branch  of  that  nerve:  il  ts  cilM  hj 
descriptive  anatomists,  Me  short  root  of  the  ganglion.  From  the  nisil 
nerve  proceeds  the  long  root,  a  long  and  very  delicate  nerve,  which 
attaches  itself  to  the  superior  posterior  angle  of  the  ganglion. 

We  have  not  examined  by  the  microscope  the  constitution  oflhe« 
branches  of  connection  with  Ihe  third  and  nasal;  but  it  is  not  unin- 
teresting to  notice  that  several  anatomists  have  remarked,  in  referent* 
to  them,  lhat  the  place  of  each  is  occasionally  supplied  by  two,  wbie^ 
may  answer  to  the  two  connecting  nerves  already  noticed,  in  the 
dorsal  portion  of  the  sympathetic. 

By  means  of  a  third  filament  called  by  some  the  middlf  root,  tliii 
ganglion  is  brought  into  connection  with  the  cavernous  or  cirotiii 
plexus  from  the  superior  cervical  ganglion. 

The  sphenopalatine  ganglion  is  situate  in  the  pterygo-maiiilan' 
fossa;  it  is  a  small^  somewhat  triangular,  ganglion  connected  with 
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iDfra-orbital  nerve,  at  its  crossing  over  the  spheno-palatine  fissure, 
•ass  along  the  floor  of  the  orbit.     This  connection  is  eflfected  by 
or   three  short   nerves   called    commonly  the   spheno-palatine 
iches  of  the  infra-orbital  nerve. 

'rom  this  ganglion  proceed,  first,  palatine  nerves,  which  are  three 
lamber  (anterior,  middle,  and  posterior),  which  pass  through  the 
erior  palatine  canal,  to  be  distributed  to  the  mucous  membrane 
he  hard  and  soft  palate,  and  also  to  the  nasal  mucous  membrane. 
)ndly,  nasal  branches,  described  by  Scarpa,  which  enter  the  nose 
ugh  the  spheno-palatine  foramen,  and  distribute  branches  to  the 
igy  bones,  and  to  the  septum.  One  of  these,  the  naso-palatine 
^e,  passes  obliquely  downwards  and  forwards,  along  the  septum, 
enters  a  canal  in  front  of  the  foramen  incisivum,  through  which 
isses  to  subdivide  in  the  mucous  membrane  of  the  hard  palate. 
rdly,  the  vidian  nerve,  which,  coming  ofiTfrom  the  posterior  part  of 
ganglion,  passes  through  the  vidian  canal,  and  divides  into  two 
iches,  the  superior,  or  the  great  superficial  petrosal  nerve^  which 
rs  the  cranium,  and  under  cover  of  the  dura  mater,  passes  through 
hiatus  Fallopii,  to  unite  itself  with  the  geniculate  swelling  of  the 
io  dura  ;*  and  the  inferior,  or  carotid  branchy  which  enters  the 
:ti8  around  the  carotid  artery,  and  thus  forms  the  bond  of  union 
reen  the  spheno-palatine  and  the  superior  cervical  ganglion ;  this 
r  branch  is  much  the  larger.  Arnold  states  that  this  ganglion  is  con- 
ed with  the  optic  nerve,  and  also  with  the  ophthalmic  ganglion. 
%e  Otic  Ganglion. — This  ganglion,  discovered  and  described  by 
Mj  lies  at  the  inner  and  inferior  part  of  the  inferior  maxillanr 
rion  of  the  fifth  nerve,  just  at  its  exit  from  the  foramen  ovale,  it 
lonected  with  this  nerve  by  two  filaments,  which  Arnold  consi- 
to  be  derived  from  the  fibres  of  the  lesser  portion  of  the  fifth  nerve. 
des  branches  to  the  internal  pterygoid,  and  the  tensor  palati 
des,  it  sends  a  filament  into  the  cranium  which  passes  through 
biatus  Fallopii  into  the  cavity  of  the  tympanum,  and  there  anas- 
laes  with  the  tympanic  branch  of  the  giosso-pharyngeal.  This  is 
kMser  superficial  petrosal  nervCj  which  Arnold  regards  as  an  ema- 
m  from  the  glosso-pharyngeal,  and  as  a  r,oot  for  the  ganglion, 
ogous  to  the  long  root  of  the  ophthalmic  ganglion.  The  precise 
lection  of  this  ganglion  with  the  sympathetic  has  not  been  clearly 
e  out.  It  contains  numerous  gelatinous  as  well  as  tubular  fibres, 
its  vesicles  are  large  and  distinct. 

te  Submaxillary  Ganglion. — This  ganglion  is  occasionally  re- 
ed by  a  plexus  of  nerves.  One  or  two  fibres  from  the  gustatory 
e  constitute  its  roots,  and  its  principal  ramifications  are  distributed 
le  submaxillary  gland.  It  is  connected  with  the  superior  cervical 
{lion  through  the  cavernous  plexus. 

Of  the  Cervical  portion  of  the  Sympathetic. — This  consists  of 
e  ganglia  on  each  side,  the  middle  of  which  is  by  no  means  con- 
t.     The  superior  is  the  largest,  and  extends  from  within  an  inch 

I  is  probably  from  this  soarce  that  this  swelling  receives  the  many  gelatinoiis 
I  already  described. 
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of  the  inferior  orifice  of  the  carotid  canal,  to  the  third  eerriedm^ 

B  tebra,  and  sonaelimes  as  low  as  the  fourth  or  fifth.     It  is  cnnnwttd 

■  by  large  branches  with  the  first,  second,  and  third  cervical  nertw: 

B  from  its  upper  extremity  there  passes  upwards  into  the  carotid  catal 

I  ■  branch  which  divides  into  two  (hat  accompany  the  carotid  art(;j, 

I  dividing  and   subdividing  as    ihey  ascend,  so  as   lo   form  n  plnw 

I  around  that  artery,  Ihe  cavernous  or  carotid  plexus.     With  ibis  pleni 

I  numerous  communications  take  place :  there  is  one  with  Merktri 

V,  ganglion,  another  with  the  tympanic  plexus;  a  branch  lo  the  ophthit- 

P  mic  ganglion,  and  one  or  two  large  ones  to  the  sixth  nerve,  whici 

formerly  were  regarded  as  roots  of  ihe  sympathetic  from  thai  nerre; 

also  one  or  two  filaments  to  the  third  pair,  and  small  branches  atUcV 

ing  themselves  to  Ihe  ramifications  of  (he  carotid  artery  within  (lit 

cranium.     Cnmraunicalions  exist  between  the  superior  cervical  g«- 

glion,  and  the  several  portions  of  the  eighth  pair,  and  the  niQlhpiii 

at  their  exit  from  the  cranium. 

Inferiorly  the  superior  cervical  ganglion  is  continued  into  a  cani 
of  communication  with  Ihe  middle,  or,  ^vben  that  is  wanting,  vi& 
the  inferior  cervical  ganglion. 

The  arterial  and  visceral  branches  of  the  superior  cervical  ganglion, 
are,  1.  The  delicate  gray  nerves  to  the  internal  carotid  artery,  (Km 
molles  of  Scarpa,)  which,  with  branches  from  the  glosso-pharyngetl 
and  vagus,  form  a  plexus  round  the  internal,  external  and  comiun 
carotid  arteries.  2.  Pharyngeal  branches,  which,  with  filameDls&oa 
the  vagus  and  glosso-pharyngeal,  form  the  pharyngeal  plexus.  3.  Lt- 
ryngeal  branches  accompanying  the  superior  laryngeal  branch  of  (bt 
vagus.  4.  A  cardiac  nerve,  not  always  present,  and  very  variiUt 
in  size,  {the  superior  cardiac  nerve  of  Scarpa,)  which,  either  united 
with  a  similar  nerve  from  the  middle,  or  inferior  cervical  ganglioD, 
or  alone,  passes  along  the  carotid  artery  into  the  chest,  to  contribute 
to  form  Ihe  plexus  of  nerves  belonging  lo  the  heart. 

The  middle  cervical  ganglion  is  very  inconstant ;  it  is  placed  oppo- 
site the  fifth  or  sixth  cervical  vertebra,  and  besides  the  branchw  of 
continuation  with  ihe  third,  fourth,  and  fifth  cervical  nerves,  it  givw 
off  one  visceral  branch,  namely,  the  middle  cardiac  nerve,  {nffrw 
cardiacus  mngnus  of  Scarpa,)  which  is  the  largest  of  the  ibree,  mil 
in  default  of  the  ganglion,  comes  off  from  the  intercommunicaljtig 
cord.  This  nerve  has  a  similar  course  to  the  inferior  one;  it  iJ 
often  absent,  and  its  place  is  then  supplied  by  filaments,  which  ttke 
a  similar  course,  but  are  derived  from  the  superior  perre,  or  from 
the  vagus. 

The  inferior  cervical  ganglion. — This  ganglion  is  situate  verylo* 
down  in  the  neck,  and  is  very  deep  seated ;  it  corresponds  to  tbf 
transverse  process  of  the  last  cervical  vertebra,  to  Ihe  head  of  Ibt 
first  rib,  and  is  closely  connected  with  the  origin  of  the  vertebnl 
artery.  It  Is  frequently  fused  with  Ihe  first  thoracic  ganglion,  atnl  i< 
connected  above  with  (he  middle,  or,  in  its  absence,  wiih  Ibe  sup^ 
rior  cervical  ganglion.  It  is  connected  with  Ihe  fifth,  sixth,  andsertilfc 
cervical  nerves,  and  sometimes  with  the  first  dorsal, 

The  arterial  and  visceral  branches  of  this  ganglion  are,  I.  Al 
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ompanies  the  vertebral  artery  into  the  canal  formed  by  the 
processes  of  the  cervicaHrertebrse.  This  nerve  forms  a 
ind  the  vertebral  artery,  and  communicates  with  branches 
e  lowest  cervical  nerves.  There  is  no  satisfactory  evi- 
L  this  nerve  passes  up  to  the  arteries  of  the  brain.  It  seems 
nerve  to  the  vertebral  artery,  but  doubtless  also  contains 
I  the  cervical  spinal  nerves,  which  probably  have  a  difier- 
ation.  2.  The  second  branch  of  this  ganglion  is  the  third 
*  cardiac  nerve  which  passes  down,  frequently  in  company 
middle  cardiac  nerve,  to  the  plexus  on  the  heart.  3. 
which  encircle  the  subclavian  artery,  in  the  first  part  of 
• 

>rthy  of  note  that  the  most  important  visceral  branches  of 
al  portion  of  the  sympathetic,  are  destined  to  an  organ,  the 
ich  is  situated  in  the  thorax  at  a  considerable  distance  from 
ce. 

Thoracic  portion  of  the  Sympathetic  consists  of  a  series  of 
orresponding,  or  nearly  so,  in  number  to  that  of  the  ver- 
e  ganglia  lie  upon  the  heads  of  the  ribs,  and  are  mostly 
ize,  and  triangular  in  form.  The  first  thoracic  ganglion  is 
d  with  the  last  cervical. 

t  the  branches  of  communication  with  the  spinal  nerves, 
arterial  branches  which  pass  to  the  aorta,  and  there  are  also 
which  pass  into  the  pulmonary  plexus. 
1  most  remarkable  nerves  which  proceed  from  these  ganglia, 
eoier  and  the  lesser  splanchnic  nerves. 
tat  splanchnic  nerve  arises  by  separate  roots,  probably  from 
>racic  ganglia,  more  obviously  from  the  fifth,  sixth,  seventh, 
id  ninth;  these  roots  unite  to  form  a  round  cord,  as  large, 
i;er,  than  the  trunk  of  the  sympathetic.  This  nerve  passes 
of  the  bodies  of  the  vertebrae  obliquely  downwards  and 
enters  the  abdomen  by  piercing  the  diaphragm,  and  ends 
and  complex  ganglion  placed  by  the  side,  and  in  front  of 
close  to  the  origin  of  the  coeliac  artery ;  this  is  the  great 
ganglion.* 

t$er  splanchnic  nerve  takes  its  rise  by  two  roots  from  the 
and  twelfth,  or  from  the  tenth  and  eleventh  eanglia;  it 
wn  in  a  similar  course  to  the  larger  nerve,  parallel  to,  and 
,  pierces  the  diaphragm,  and  unites  with  the  renal  plexus  of 

id  with  the  aortic  plexus. 

• 

rmposition  of  this  nerve  deserves  partiealar  attention  as  illustrating  the 
latnre  of  the  ramifications  of  the  sympathetic  It  may  be  regarded  as 
le  of  a  series  of  visceral  nerves  proceeding  from  the  intercostal  nerves, 
eh,  as  it  passes  over  the  sympathetic  ganglion  immediately  adjacent  to  the 
which  it  arises,  becomes  associated  with  some  gelatinous  fibres.  Thus, 
intercostal  nerve  contributes  certain  tubular  fibres,  each  thoracic  ganglion 
gelatinous  fibres.  Sometimes  these  two  sets  of  fibres  are  kept  distinct, 
mchnic  nerve  consists  obviously  of  a  white  and  a  gray  portion.  The  gela- 
I  mre  considerably  more  numerous  at  the  lower  than  at  the  upper  part  of 
Die  nerve,  as  pointed  out  by  Mr.  Beck,  who  very  justly  cites  the  fact  as 
ifirmatory  of  the  statement  that  these  fibres  arise  from  the  ganglia. — PhiL 
l,p.S3i 
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The  striking  analogy  between  these  nerves  and  the  cardiac  mKf 
I  cannol  friil  to  adract  the  altenlion  even  of  the  most  superficial  A- 
I  server.  The  laller  nerves,  distributed  to  an  important  organ  iathc 
I  thorax,  have  iheir  rise  in  the  neck;  and  the  splanchnic  nerves, de- 
I  riving  tbeir  origin  from  nearly  all  the  thoracic  ganglia,  are  dcToKd 
[  to  important  viscera  of  the  abdomen. 

I       Of  the  Lumbar  and  Sacral  portions  of  (he  Sympathetic. — The  diu 

i  may  be  followed  down  to  the  coccyx;  the  lumbar  ganglia  are  unl 

I  Bnd  irregular  in  number.     The  continuity  of  the  chain  between  ibe 

I  lumbar  and  dorsal  segments,  ts  maintained  sometimes  by  a  small  i^ 

I  tercoramunicating  cord,  between  the  last  dorsal  and  first  lumbar  gu- 

L  giton,  which  pierces  ibe  diaphragm,  sometimes  by  a  branch  of  the 

I  greater  or  lesser  splanchnic,  which  of  course  establishes  the  conti- 

I  puity  indirectly.     The  branches  of  communication  of  these  oerrn 

I  with  the  lumbar  spina!  nerves,  are  suQictently  distinct,  and  wmetC 

[  them  are  of  great  length.     The  gray  branches  are,  according  lo  Bed, 

I  larger  tlian  the  corresponding  ones  in  the  thorax. 

I       The  nerves  which  come  from  the  lumbar  portion  of  the  synpt- 

I  Aelic  are  destined  to  the  aorta,  and  to  the  lumbar  arteries;  tbt 

I  greater  part  of  them  form  a  plexus  around  the  aorta,  between  tht 

[  mesenteric  arteries,  from  which  proceed  fibres  to  form  the  in/frwr 

mesenteric  plexus,  which  follows  the  inferior  mesenteric  artery;  belot 

this  artery  the  aorta  is  still  embraced  by  a  plexus  [infenor  aortic 

jdexus)  which  divides  into  the  hypogastric  plexuses,  one  on  the  rigW 

and  the  other  on  the  left,  which  supply  the  rectum  and  bladder,  V> 

organs  of  generation,  and  the  accessory  parts.     At  the  base  ol  Ik 

coccyx,  the  sympathetic  of  the  right  side  anastomoses  with  Holit 

the  left  by  means  of  a  branch  passing  on  each  side  from  the  last  seal 

ganglion  to  a  ganglion  in  front  of  the  coccyx,  which   is  called  tbt 

I  ganglion  impar. 

I  Of  the  Thoracic  and  Mdominal  Plexuses. — So  large  a  portion  of  the 
sj-mpathetic  is  distributed  to  viscera  in  the  thorax  and  abdonco, 
I  that  it  may  not  improperly  be  designated  as  the  viscerai  tierre ;  f<» 
I  those  organs,  upon  which  the  great  processes  which  contribute  lo  Ibe 
r  nutrition  of  the  body  so  much  depend,  derive  tbeir  nerves  munly 
tAom  this  source,  and  whatever  cerebro-spinal  fibres  they  receive,  i^ 
Fidistributed  to  them  in  intimate  association  with  the  proper  Elimenls 
r  of  the  sympathetic. 

The  plexuses  in  the  thorax  which  derive  nerves   from  the  s^p»- 
thetic  are  the  pulmonary  plexus,  and  the  cardiac  plexus. 

The  pulmonary  plexus  is,chic(ly  formed  by  branches  of  theraeus, 
interlacing  with  each  other  from  opposite  sides  along  the  mtaaa 
plane.  It  occupies  two  planes,  one  anterior  to  the  bronchi  constitui' 
iog  the  anterior  pulmonary  plexus,  the  olher  poslcriar,  which  a  nucii 
the  more  considerable,  and  lies  behind  the  bronchi.  To  these,  bit 
especially  to  the  latter,  nerves  pass  off  from  the  higher  Ihoocic 
I  ganglia. 

L  The  cardiac  plexus  is  almost  wholly  derived  from  the  sympalhc'ift 
only  a  few  of  its  fibres  coming  from  the  cardiac  branches  of  the  T»gi- 
It  is  very  remarkable  that  all  the  nerves  which  the  sympathetic  cod- 
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tes  to  this  plexus,  are  derived  from  the  cervical,  and  not  from 
loracic  ganglia.  The  plextis  resulting  from  the  anastomoses  of 
nerves,  occupies  an  anterior  and  a  posterior  plane ;  the  former 
ng  in  front  of  the  great  arteries,  and  following  the  course  of  the 
ior  coronary  artery,  in  the  anterior  groove  of  the  heart.  The 
18  entwines  around  this  artery  and  its  ramifications,  and  its  fibres 
onbtless  conducted  by  them  to  the  muscular  fibres  of  the  heart, 
posterior  plexus  follows  the  course  of  the  right  coronary  artery, 
if  its  branches,  which  lies  in  the  posterior  fissure  of  the  heart. 
Kzus  of  fibres,  occupying  a  (Position  intermediate  to  these  plex- 
lies  behind  the  arch  of  the  aorta,  above  the  right  pulmonary,  and 
I  a  considerable  plexus  of  nerves  to  the  auricles.  This  plexus 
lescribed  by  Haller,  as  the  great  cardiac  plexus, 
veral  small  ganglia,  or  gangtiolay  are  found  in  connection  with 
erves  of  the  heart.  Wrisberg  described  one  just  above  the 
of  the  aorta,  at  the  junction  of  anastomosing  fibres  from  the 
ior  cardiac  nerves.  A  ganglion  is  also  sometimes  found  in  the 
IS  in  front  of  the  auricles,  and  Remak  describes  and  figures 
al  small  ganglia  upon  the  subdivisions  of  the  anterior  and  poa* 
'  eardiac  plexuses,  and  in  the  muscular  substance  of  the  heart. 
n^i  j9rcAtv.,  1844. 

le  nervous  plexuses  in  the  abdomen  are  extremely  complicated 
lamerons.  They  are  principally  derivedTfrom  two  great  gan- 
titaate  on  each  side  of  the  celiac  axis,  in  front  of  the  aorta, 
a  ganglia  are  semilunar  in  shape,  convex  downwards  and  out* 
s;  they  unite  below  the  cseliae  axis;  and  chiefly  from  their 
BZ  border,  a  vast  radiation  of  plexiform  nerves  takes  place,  which 
f  the  course  of,  and  entwine  around  the  branches  of  the  cseliae 
and  of  other  branches  of  the  aorta.  To  this  great  radiation 
miats  have  given  the  name  of  solar  plexusj  and  the  conjoint  semi* 
ganglia  must  be  looked .  upon  as  the  great  centre, — the  sun  of 
Mominal  sympathetic  system. 

umses  radiate  from  this  source  around  the  principal  branches 
I  aorta,  and  they  are  named  after  the  arteries  which  they  accom« 
They  are  the  diapkragmaHc  or  phrenic;  the  supra-renal;  the 
c;  which  divides  into  the  hepatic^  gastric  and  splenic;  the  supe* 
nesenteriCj  from  which  proceed  nerves,  which,  with  others  from 
aabar  portion  of  the  sympathetic,  form  the  inferior  mesenteric 
t/  and  the  renal  plexusesj  from  which  chiefly  are  derived  the 
lofic  plexuseSy  destined  to  the  ovaries  in  the  female,  and  the 
hs  in  the  male.  Of  these  plexuses  the  following  are  deserving 
te  particular  notice : 

e  gastric  plexus  accompanies  the  coronary  artery  of  the  stomach, 
masses  along  the  lesser  curvature  of  that  organ.  With  the  gastric 
htB  of  the  vagus  it  forms  the  principal  nervous  supply  to  the 
ich,  which  is  completed  by  an  ofl*-shoot  surrounding  the  right 
>-epiploie  artery  from  the  hepatic  plexus,  and  by  other  nerves 
the  same  plexus  distributed  chiefly  to  the  pylorus,  and  by 
hen  from  the  splenic  plexus. 

e  hepatic  plexus  follows  the  hepatic  artery  and  the  vena  portse 
33 
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into  the  substance  of  llie  liver;  it  is  joined  by  a  branch  of  theTifn; 
and  it  gives  off  nerves  lo  the  slomBcli,  nnd  to  the  pancreas. 

The  spUnic  plexus  surrounds  the  splenic  artery,  supplies  ibe  pis- 
cress,  and  the  left  exlremily  of  the  stomach,  by  enlnining  round  lit 
the  left  gaslro-epiploic  artery,  and  by  direct  branches  to  the  great  cut- 
de-sac  of  the  stomach.  These  nerves  then  follow  ihe  brancliMof 
the  splenic  artery  into  ihe  spleen.  ' 

The  superior  mesenteric  plexus  supplies  the  greatest  portion  of  tit 
intestinal  canal,  enti\-ining  around  Ihe  superior  mesenleric  arierynd 
its  ramifications.  Connected  with' it  are  some  ganglia  of  ririiiiit 
size,  called  caliac  or  viescTiteric  ganglia.  From  these  gangli»,  ad 
from  the  upper  pari  of  the  plexus,  nerves  are  derived  lo  the  panrrtii, 
and  to  Ihe  duodenum. 

The  branches  of  this  plexus  which  pass  between  the  lamine  nf 
the  mesentery  do  not  accompany  the  smaller  branches  of  the  artenn 
80  closely  as  elsewhere.  They  anastomose  hy  arches,  from  which 
small  branches  pass  to  Ihe  inlesiine.  The  precise  rootle  of  leraii- 
nation  of  these  nerves  in  the  tunics  of  the  intestines  has  nol  b«i 
asceriained. 

In  the  pelvis  we  lind  a  remarkably  complicated  plexiform  amngt- 
inenl  of  nerves  distributed  lo  ihe  viscera  of  ihat  cavity.  Thtx 
nerves  are  derived  from  the  hypogastric  and  from  the  inftfiorni- 
senleric  (p.  504),  and  receive  many  fibres  from  the  sacral  nerres, 
which  ifttter  fibres  are  principally  distributed  to  the  pelvic  plexus,! 
name  given  by  Mr.  Beck  lo  an  inlricale  anastomosis  of  nerrri  sml 
small  ganglia  dislribuled  to  ihe  rectum,  bladder,  and  vagina,  Thii 
plexus  derives  its  nerves  from  the  lower  part  of  the  bypOf»»[rii' 
plexus,  and  from  Ihe  branches  of  ihe  sacral  plexus. 

A  very  important  peculiarity  of  all  Ihe  plexuses,  wherever  fouml. 
of  the  sympathetic  nerve,  consists  in  the  presence  of  a  quanliirnf 
vesicular  mailer  in  Ihera,  deposited  in  ganglia  of  very  variable  sut. 
sometimes  extremely  minule,  very  rarely  of  great  size,  which  »r* 
found  scattered  amongst  them.  These  ganglia  appear  lo  give  origin 
to  gelatinous  fibres.  The  plexuses,  therefore,  have  Ihe  double  oSrt 
of  intermingling  fibres  from  differenl  sources,  and  of  aflbrding  poiDis 
of  origin  for  new  nerve  fibres. 

Function  of  the  Sifmpathetic  J^erve. — In  ronsidering  the  fiinciicr 
of  this  portion  of  Ihe  nervous  system,  it  is  of  the  ulmnst  importance 
lo  pay  close  attention  to  Ihe  facts  which  the  analorotcal  analysis  of  it 
discloses. 

These  fads  are,  lhat  it  contains  a  vast  number  of  centres  to»i"l 
from  which  nerves  proceed,  and  in  which,  it  may  be  slated  almoa 
with  certainty,  gelatinous  fibres  originate:  lhat  in  nearly  every  par^ 
of  it  two  kinds  of  tihres  exist,  Ihe  gelatinous  and  the  tubular;  th)t 
the  tubular  are  derived  from  Ihe  cerebro-spinal  centre,  the  gelaiin<™» 
from  the  sympathetic  ganglia. 

^wo  questions  are  lo  be  solved  in  reference  lo  Ihe  synpalbelic- 

1.  Is  the  sympathetic  a  distinct  and  independent  portion  of '^^ 
nervous  system  }  or  is  it  merely  an  off-shoot  from  the  brain  and  spi"^' 
cord,  exhibiting  certain  peculiarilies  of  arrangement? 
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2.  Do  its  fibres  exhibit  the  same  powers  as  those  of  cerebro-spinal 
^rves?  that  is,  are  they  sensitive  aDcl  motor? 

I.  No  physiological  question  has  been  more  amply  discussed  of 
te  years  than  that  of  the  relation  of  the  sympathetic  to  the  cerebro- 
»inal  centres. 

The  view,  which  we  regard  as  the  correct  one,  rests  entirely  upon 
e  facts  of  anatomy  already  stated.  These  facts  lead  us  to  consider 
e  sympathetic  nerve  a  compound  nerve,  consisting  of  gelatinous 
)res,  which  are  derived  from  the  vesicular  matter  of  the  ganglia, 
id  of  tubular  fibres,  proceeding  from  the  spinal  cord.  These  fibres 
e  bound  together  in  the  same  sheath,  and  whatever  be  the  proper 
action  of  each,  they  bear  to  each  other  a  similar  relation  to  that 
hich*  the  anterior  and  posterior  roots  of  spinal  nerves  do  in  the 
impound  nerve.  Originating  from  different  sources,  and  possess- 
g  probably  different  endowments,  they  travel  in^company  to  their 
▼eral  destinations. 

We  are  aware  that  some  physiologists  of  high  and  deserved  re* 
ite  altogether  deny  that  the  gelatinous  fibres,  which  we  have  de- 
ribed  as  entering  so  largely  into  the  constitution  of  the  sympathetic, 
e  nervous.  They  regard  them  as  an  early  stage  of  fibrous  or 
eokr  tissue.  The  following  reasons  appear  to  us  quite  decisive  of 
6  nervous  nature  of  these  fibres.     1.  They  may  be  distinctly  traced 

the  vesicular  matter  of  ganglia ;  it  is  immaterial  to  the  question 
hether  they  form  their  connection  with  the  sheaths  or  with  the 
mcles  themselves,  for  we  are  as  much  at  liberty  to  regard  the 
ideated  envelope  of  the  vesicles  as  a  structure  essentially  nervous 

the  vesicles  themselves.     Parts  of  the  encephalon  appear  to  consist 

little  else  than  nuclei. 

S.  Throughout  the  sympathetic  system  these  fibres  and  the  tubular 
ires  exist  in  the  several  nerves  in  different  but  determinate  numbers, 
inetimes  the  two  kinds  are  equal,  sometimes  one  predominates  over 
e  other;  sometimes  the  nerves  consist  solely  of  gelatinous  fibres. 
9W  if  these  latter  performed  the  office  of  a  sheath  or  support  to  the 
kers,  they  would  always  be  in  due  proportion  to  each  other.  More- 
rer,  the  gelatinous  fibres  would  be  always  outside,  enveloping  the 
biilar,  which  is  not  at  all  uniformly  the  case. 

3.  Nucleated  fibres,  very  similar  to  the  gelatinous  fibres  of  the 
wpathetic,  exist  in  parts  where  their  nervous  character  is  indubitable, 
I  in  the  olfactory  filaments  (p.  397),  and  the  nerve  in  the  axis  of  the 
icinian  corpuscle  exhibits  very  much  the  same  appearance,  save 
at  it  is  devoid  of  nuclei. 

Adopting  this  view  of  the  compound  nature  of  the  sympathetic, 
is  obviously  impossible  to  regard  it  either  as  independent  of  the 
frebro-spinal  centres,  or  wholly  depending  on  them.  It  seems  pro- 
ible  that  it  is  independent  of  them  as  regards  its  gelatinous  fibres, 
It  dependent  on  them  as  regards  its  tubular  fibres. 
And  it  may  be  stated  that  the  views  of  anatomy  which  we  ^old 
be  correct,  justify  us  in  affirming  that  the  sympathetic  exhibits 
arked  indications  if  not  of  independence,  yet  of  great  peculiarity, 
its  mode  of  distribution.     Clinging  to  the  coats  of  arteries,  it 
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follows  tbem  for  tfae  most  part  in  their  ramificalions,  and  altacba 
itself  to  them  somewhat  as  ivy  does  to  a  tree.  Yet  of  the  mode  at 
termination  of  the  gelatinous  fibres  of  the  sympathetic,  and  of  tbc 
nature  of  their  relations  wilh  the  elements  of  the  tissues  among  vhick 
they  lie,  nothing  certain  is  known;  a  fact  attributable  in  a  grtM 
degree  to  their  want  of  such  obviously  distinctive  characten  aa  tti 
tubular  fibres  possess.  These  latler,  alter  leaving  the  blood-resMtl, 
are  probably  distributed  either  to  sentient  surfaces  or  to  muscles  ia 
the  ordinary  way. 

The  proper  mode,  then,  of  stating  the  reply  lo  this  question  setnu 
to  us  to  be ;  that  the  sympathetic,  taken  as  a  whole,  is  not  in  ilseU  a 
special  and  independent  nervous  syslem,  but  a  portion  of  the  BcrfMl 
system  peculiar  in  its  composition,  having,  as  regards  some* of  ik 
constituent  fibres,  a  special  relation  to  blood-vessels,  partieali^ 
arteries,  (and  these  are  the  fibres  which  are  independent  of  &t 
cerebro-spinal  centres,  having  distinct  centres  of  their  own,)  but  being 
by  others  of  its  fibres  connected,  as  all  other  nerves  are,  with  ibe 
cerebro-spinal  centres. 

II.  The  second  question  affects  the  endowments  of  the  conili- 
tuent  fibres  of  the  sympathetic. 

If  we  interrogate  anatomy,  we  learn  that  the  ramifications  of  tbit 
nerve  are  distributed  to  muscles  as  well  as  to  sentient  surfaces.  IV 
heart,  for  instance,  derives  its  principal  supply  of  nerves  frora  thii 
source.  The  intestinal  canal  between  the  stomach  and  the  lownt 
part  of  the  colon  receives  no  nerves  direct  from  the  cerebro-spiwl 
system,  and  is  therefore  dependent  solely  on  the  sympathetic,  for 
whatever  of  sensibility  it  enjoys,  or  for  such  motor  power  as  majht 
usually  called  into  action  by  nervous  influence.  We,  therefore,  mo* 
infer  from  anatomy  that  the  sympathetic  contains  both  sensitive  ud 
motor  fibres. 

Many  expertments  lead  to  a  similar  conclusion.  Sttmulatioo  of 
the  cervical  ganglia  excites  the  heart  to  increased  action;  and  irri- 
tation of  the  splanchnic  nerves  causes  increased  vermicular  ootioa 
in  the  stomach  and  intestinal  canal.  Miiller  proved  a  similir  result 
to  ensue  upon  irrilntion  of  the  catltac  ganglion.  He  exposed  Ibt 
intestines,  and  likewise  the  caeliac  ganglion  in  a  rabbit;  he  waited 
until  the  increase  of  peristaltic  action,  which  exposure  to  the  ai' 
always  produces,  had  subsided,  and  then  he  applied  potassafaato 
the  ganglion,  when  immediately  the  peristaltic  movements  becama 
very  vigorous.  There  is  less  agreement  in  the  statements  ofibe 
results  obtained  by  different  experimenters  as  to  the  sensibility  of 
these  nerves,  as  indeed  is  very  commonly  the  case,  when  tbe  quM- 
tion  is  respecting  sensation;  but  the  well  known  occurrence  of  paia 
in  parts  supplied  only  by  the  sympathetic,  is  alone  more  conclusive 
as  to  the  existence  of  sensitive  fibres  in  that  nerve,  than  the  resul" 
of  any  experiment  on  a  brule  animal.  How  exquisite  are  the  auf" 
feriugs  of  patients  labouring  under  colic,  or  the  passage  of  a  gall- 
stone, or  of  a  renal  calculus! 

It  is  plain,  then,  that  the  sympathetic  nerve  contains  both  rootot 
and  sensitive  fibres.     An  appeal  to  common  experience  shows  us, 
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t  the  latter  cannot  be  very  numerous,  as  parts  supplied  by  the 
apathetic  nerve  are  not,  in  the  healthy  state,  highly  sensitive,  and 
Q  is  felt  in  them  only  under  the  influence  of  great  irritation.  And 
;h  regard  to  the  motor  fibres,  it  shows  that  they  are  not  at  all,  or  at 
si  to  a  very  trifling  extent,  under  the  influence  of  the  will.  It  is 
e  that  the  will  may  be  brought  to  bear  upon  muscles  supplied  by 
:  sympathetic,  by  directing  it  simultaneously  upon  other  distinctly 
luntary  muscles.  This  is  well  illustrated  in  the  case  of  the  iris; 
effort,  however  great,  if  directed  solely  upon  the  iris,  will  cause 
t  muscle  to  contract,  but  if  the  voluntary  influence  cause  a  simul- 
eous  contraction  of  the  internal  rectus  muscle  of  the  eye,  con- 
ction  of  the  pupil  will  take  place  upon  each  adduction  of  the  eye- 
i« 

[t  is  highly  probable  that  the  increase  in  force  and  in  frequency 
ich  takes  place  in  the  heart's  action,  during  active  exercise,  is  to 
explained  on  the  same  principle;  and  that  a  strong  efibrt  of  the 
II  directed  to  the  abdominal  muscles,  may  excite  an  increased 
istahic  action  of  the  intestines. 

Muscles  supplied  by  the  sympathetic  nerve,  although  under  ordi- 
y  circumstances  referable  to  the  category  of  involuntary  muscles, 
nt  not  then  be  considered  as  absolutely  and  entirely  removed  from 
i  influence  of  the  will. 

k  very  striking  peculiarity,  dependent  in  part  probably  upon  the  ana- 
Bieal  arrangements  of  the  sympathetic,  consists  in  the  rhythmical 
xtre  of  the  movements  of  parts  which  derive  their  supply  of  nerves 
m  this  source,  of  which  the  movements  of  the  heart  and  the  intesti- 
.  canal  afibrd  good  examples.  And  it  is  an  important  feature  of 
*m  actions  that  they  take  place  even  when  the  parts  are  discon- 
rted  from  the  main  portion  of  the  sympathetic  system.  It  is  well 
tiwn  that  the  heart's  action  will  go  on  for  a  considerable  time  after 
IBS  been  removed  from  the  body ;  and  that  the  peristaltic  move- 
nts of  the  intestines  will  continue  under  similar  circumstances. 
rhis  peculiarity  seems  to  be  referable  to  a  double  cause;  first,  the 
position  of  the  muscular  fibres  themselves,  which  is  such  that  a 
itraction  cannot  take  place  at  one  part  without  aflecting  the  adjacent 
res,  so  that  the  contraction  of  one  set  of  fibres  appears  to  stimulate 
me  in  their  immediate  vicinity.  This  progressive  contraction  is 
11  seen  in  the  intestines.  Secondly,  the  frequent  occurrence  of 
all  ganglia,  not  only  among  the  plexuses  of  the  sympathetic,  bat 
0,  as  in  the  heart,  upon  or  among  the  muscular  fibres  themselves. 
«8e  ganglia,  it  is  reasonable  to  suppose,  are  so  many  little  roaga- 
les  of  nervous  force,  which,  by  their  intimate  connection  with  the 
iscular  fibres  themselves,  render  them  capable  of  repeating  their 
ion  at  intervals,  after  their  disconnection  from  the  main  trunk  of  the 
npafhetic  system. 

Much,  however,  in  the  peristaltic  actions,  is  perhaps,  due  to  the 
coliar  constitution  of  the  unstriped  muscular  fibre  itself;  a  c9nsli- 
ion  which  gives  it  a  slow  and  enduring,  rather  than  a  quick,  ener- 
tic,  and  fleeting  contraction.  The  actions  of  the  heart  are  inter- 
^diate  to  those  of  the  intestine  and  of  voluntary  muscle,  and  so  are 
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Us  muscular  fibres,  which,  while  they  exhibit  the  striped  »pp«r»«i 
I  of  voluntary  muscle,  are  neverlheless  devoid  of  Ihe  sarcolemma,  aol 
I  interlace  in  a  peculiar  manner  wilh  each  other.  The  gelalinous  ne^^^ 
■fibres  exhibit  the  same  apparent  inferiority  of  or^nizalion  as  tii 
Kvnstriped  muscular  fibre.  It  is  a  remarkable  conlirmatioD  of  lliM 
■  views,  that  in  the  tench  [Cyprinus  tinea),  according  to  Ed.  Weber, ii 
I -which  the  muscular  fibres  of  the  alimeniary  canal  are  of  ihe  striped 
kind,  there  is  no  peristaltic  action  of  the  intestines,  and  (hat  tb( 
application  of  a  rapid  succession  of  eEectricat  shocks  from  a  iQagne1» 
I  electric  rotation  instrument  causes  that  sudden  and  quick  contnc^M 
[  which  characterizes  the  striped  muscular  fibre.* 
I  •  An  observation  made  by  Pourfour  du  Petit, f  many  years  ago,  «if 
K  gested  an  office  of  the  sympathetic,  distinct  from  sensation  or  ordiDif} 
P  notion,  but  apparently  not  less  important  than  either.  He  found  tlii 
[  the  division  of  the  trunk  nf  the  sympathetic  in  dogs,  opposite  ih 
I  third  or  fourth  cervical  vertebriE,  was  followed,  vrith  reroaikibli 
1  rapidity,  by  a  disturbance  of  the  circulation  in  the  eyeball;  girinf 
rise  to  a  swollen  and  apparently  inflamed  state  of  the  conjuacttn,) 
I  contracted  state  of  the  pupil,  a  flattening  of  the  cornea,  bd<1  ■  r^ 
I  fraction  of  the  eyeball,  with  protrusion  of  the  fold  of  the  conjunclin, 
\  known  by  the  name  of  Ihe  haw,  and  a  flow  of  tears.  Dupay  fiiuDd 
I  similar  eifects  resulting  from  the  extirpation  of  the  superior  cerricil 
I  ganglion  in  horses;  and  when  Ihe  ganglia  on  both  sides  were  remored, 
I  fliere  were  superadded  to  these  more  local  elTects,  a  general  emscii' 
I  tion  along  with  an  anasarcous  state  of  (he  limbs,  and  an  eruption  ovu 
the  whole  cutaneous  surface. 

Dr.  J.  Reid  confirms  these  results  of  section  of  one  sympatbHie 
in  the  neck,  as  far  as  regards  the  eye,  and  he  agrees  with  the  m1ie( 
observers  in  slating  that  the  injected  slate  of  the  conjunctiva  fol- 
lowed immediately  after  the  section.  In  one  case,  he  states  thil 
the  redness  of  the  conjunctiva  took  place  a  few  minutes  after  tl* 
operation. 

Il  has  been  already  stated,  that  section  of  the  branches  of  the  fifth 

nerve,  which  supply  the  eye,  is  followed  by  ulceration  and  other nsni 

'    of  impaired  nutrition  in  the  eyeball.     But  these  changes  do  nottakt 

I   place  for  some  lime  after  the  section  of  Ihe  nerve;  generally  nan; 

I    days  elapse  :   and  I  hey  are  attributable  to  Ihe  presence  of  irritiUog 

particles,  which,  owing  to  the  insensible  stale  of  the  conjunclini,trt 

suffered  lo  remain  in  contact  with  the  surface  of  the  eye,  giving  ri" 

I   to  inflammation  and  ulceration  of  its  textures.     The  effects  of  («liM 

\   of  Ihe  sympathetic  are  immediate ;  and  are  probably  due  lo  a  rhiagt 

I   produced  in  Ihe  blood-vessels,  in  consequence  of  the  withdrawal  of 

their  accustomed  nervous  influence. 

The  sympathetic  thus  appears  to  exercise  a  threefoli]  office:  fint, 

*  Bj  exprrimenis  wiili  ihe  magnelo-elFclric  in!:irumrnl,  B.  Weber  hw  li*" 
addilianal  illustratioD  oS  ihe  Taci  thai  ihe  prrislallic  ri)nlrnciii>n  is  chiracieriiiic ^^ 
tbe  QnBiriped  fibrf.  nnd  thai  ihe  sudilen  nnd  quick  conirneiion  is  fwc»li»r  w  IM 
■Iriped  fibre.  See  his  elaboraie  article  "  Mii<.kFlbewrgiiag"  in  Wagaer'i  BmIiIF 
lerbueh,  I81G,  and  our  remarks  al  pp.  146. 1*9,  lao.  ^^m 

IHIsioire  de  I'Aead.  nuyal  dea  Sdenees,  an  ]T37.  &c.    Leltrts  conotl^^H 
exLun»  EOT  lea  di-couvenes  Taues  sur  Us  jeux,  1793.  I^H 
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that  of  a  sensitive  nerve  to  the  parts  to  which  it  is  distributed; 
secondly,  that  of  a  motor  nerve  for  certain  muscular  parts ;  and, 
thirdly,  that  of  a  nerve  to  the  blood-vessels.  It  is  almost  certain 
that  blood-vessels  enjoy  in  their  coats  a  power  of  contractility; 
and  it  seems  highly  probable  that  these  nerve-fibres  exercise  an 
iaflaence  upon  that  contractility.  Such  an  influence,  it  is  evident, 
wooM  materially  afiect  the  nutrition  of  parts  the  blood-vessels  of 
vhich  are  subject  to  it ;  and,  as  secretion  is  mainly  dependent  on 
tbe  Dormal  nutrition  of  glands,  it  is  reasonable  to  suppose  that  that 
fiiQctioQ  likewise  would  be  to  a  certain  extent  controlled  by  these 
aerres. 

It  remains  to  inquire  the  sources  whence  these  various  classes  of 
tbres  in  the  sympathetic  respectively  derive  their  powers. 

Looking  to  the  anatomy  of  the  nerve,  there  can  be  no  doubt  that 
some  fibres  are  derived  from  the  spinal  cord  or  medulla  oblongata, 
aad  that  others  proceed  from  the  sympathetic  ganglia.  The  motor 
aod  sensitive  fibres,  and  some  of  those  going  to  the  other  muscular 
parts,  belong,  no  doubt,  to  the  former  class;  the  vascular,  with  the 
lUfhest  probability,  to  the  latter. 

Valentin's  experiments  indicate  that  the  roots  of  the  encephalic 
iid  spinal  nerves  exert  considerable  influence  upon  the  movemenls 
tf  parts  supplied  by  the  sympathetic.  For  instance,  irritation  of  the 
roots  of  the  first  three  or  four  cervical  nerves,  excites  increased  action 
of  the  heart ;  and  that  of  the  dorsal  and  lumbar  spinal  nerves  stimu- 
htes  the  peristaltic  action  of  the  intestines  through  the  splanchnic 
aerres,  and  the  abdominal  plexuses. 

The  efiects  of  diseased  states  of  the  spinal  cord  also  afibrd  a  sup- 
port, which  is  more  to  be  relied  upon  than  the  previous  experiments, 
to  the  opinion  that  the  motor  and  sensitive  fibres  of  the  sympathetic 
ve  implanted  in  the  spinal  cord.  When  there  has  been  extensive 
l^onof  the  cord,  from  injury  or  disease,  the  intestinal  canal  is  always 
iBected  to  a  degree  proportional  to  the  extent  of  the  lesion  ;  and  this 
election  shows  itself  in  the  torpor  of  the  intestines,  and  the  readiness 
^h  which  they  become  distended  by  flatus,  giving  rise  to  the  tym- 
panitic condition  of  abdomen,  which  so  generally  attends  disease  or 
lajury  of  the  spinal  cord. 

It  had  long  been  thought  that  the  sympathetic  nerve  plays  an  im- 
portant part  in  the  sympathies  of  the  body.  Our  improved  knowledge 
Oi  the  anatomical  distribution  of  the  nerves,  and  of  their  physiological 
aaatomy,  and  of  their  endowments,  clearly  shows  that  the  phenomena 
of  sympathy  are  explicable  by  the  known  laws  of  action  of  the  great 
•^oas  centres,  and  that  the  sympathetic  nerve  can  take  no  more 
pw>minent  part  in  it  than  any  other  nerve ;  the  extent  to  which  it 
^^^J  other  nerve  may  be  engaged  in  the  play  of  such  sympathies 
o«*ng  proportioned  directly  to  the  extent  of  its  central  as  well  as  its 
P^pheral  connections. 

It  would  be  more  consistent,  therefore,  with  a  scientific  nomen- 
*latore  to  discard  the  term  Sympathetic  as  applied  to  this  nerve ;  the 
^Id  Dame  Intercostal  would,  in  some  respects,  be  preferable.  There 
h  however,  great  difficulty  in  finding  a  name  which  would  adequately 
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ejEpress  its  constitution  and  offices,  which   may  be^n^SH 
follows.  ■ 

1.  In  its  conslilnlion  it  is  compound,  consisting  of  tuMH 
and  of  gelatinous  fibres, 

2,  In  its  offices,  it  is  a  motor  nerve  to  many  of  ibe  internal  ^ 
of  the  body,  the  heart  and  the  intestinal  canal  especially;  it 
a  sensitive  nerve  to  these  parts;  and  it  presides  over  the  act 
the  blood-vessels  of  these  as  well  8s  of  other  parts  wbei^f 
tributed,  as  of  the  head  and  neck,  and  likewise  of  all  ^li^l 
glands  of  the  body.  ^M 

On  IheSjmiralhetic  nerre,  consult  Cruveilliier,  Anal.  Deser. ;  Valrniin.in  G 
ring,  Anar.;  Longel,  Sysl.  Nervem;  Lobstein,  de  nsrui  sympiili.  fBbnci,& 
enlia  de  Tunclinn.  ner*.  cerebr.  el  symparh.;  Mr.  B^clc.  paper  in  ihe  PbiU  Ti 
IS46;  Mailer's  Phj^iolo^;  Bidder  nnd  Volkmann,  dieaeltHiSndiglccililfl 
Ihi.'^cben  Nerve ns yslem s.  Iieipzig,  1S4S:  Kulliker,  die  SelbstOndigkrit  nnd  A 
keii  den  sy m pal hiachen  Nerve nsysiems,  ZQrich,  1844;  Purkinje.  id  MCiller'i 
for  164a,  and  iranslated  in  iheLond.Med.  Gazenr,  rol.xiivuhaa  deacrtM 
ramificaiiona  which  he  considers  lo  belong  to  Ihe  sjmpaiheiic,  id  Ihe  pii 
dara  maier,  serous  membranes,  and  other  parts.  Mr.  ItaiDCr  also  deserita 
Cbir.  Trans,  vol.  ix\x.)  ibe  arachnoid  and  sabarachnoid  lis&ue  as  consiMin 
cDiirelf  of  sacli  nerves,  a  view  which  it  jx  impossible  fur  os  lo  adopt.  I 
reinainn  to  be  cleared  up  as  regards  the  anatomical  history  at  lh«  syinpalbMi 
in  panicular  parts.  Mnnographs  npon  the  nerieB  of  ihe  heart,  of  iha  g-^ 
iniesiines,  dec,  are  great  desiderata,  founded  on  careful  and  i 
experienced  anatomists,  with  ihe  aid  of  the  microscope.  Further  n 
wise  required  on  its  distribution  to  the  eiltemttieg. 


CHAPTER  XXII. 


GENERAL  VIEW  OF  THE  FUNCTION  OF  DIGESTION. OF  THE  N 

TtONS    WHICH    CONTBIBUTE    TO    IT. — -OF    FOOD. ITS     qJO^ 

QUASTITV. 

Having  discusesd  the  great  animal  functions  of  Locol 
Innervation,  we  now  commence  the  consideration  of  thQJ 
functions  which  are  more  directly  concerned  in  maintaiiu 
trilion,  and,  consequenily,  the  life  of  ihe  individual. 

Of  ihe  nutritive  proi^esses,  the  function  of  Digestioi 
most  prominent  anti  most  impnrlani,  inasmuch  as  it  istbn 
which  the  animal  is  enabled  lo  receive  the  aliment,  and  lo  pre 
for  being  assimilated  lo,  and  appropriated  by,  Ihe  various  lexttii 
organs  of  Ihe  body. 

Under  the  general  expression,  "function  of  Digestion,"  ro 
comprehended  several  minor  processes,  all  tending  lollie  same  i 
namely,  the  redticlion  of  the  food  for  ihe  nourishment  of  llic 
The  numbei^of  these  subordinate  prncesscs  varies  w'  '  ' 
complication  of  the  digestive  function,  which  is  obviously>i 
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ftj  the  complicated  nature  of  the  animaPs  body,  and  by  the  part  which 
ilhas  to  plaj  in  the  ecooomy  of  the  world. 

Taking  the  digestive  process,  in  its  highest  degree  of  complexity 
u  nan  and  the  mammalia,  we  find  that  there  is  provision,  first,  for 
ibit prehension  of  the  food  ;  secondly,  for  its  mechanical  division  and 
ttmminution  {mastication)^  and  for  its  admixture  with  a  peculiar  fluid 
(fuaUoation);  thirdly,  for  the  conveyance  of  the  food  into  that  por- 
tioa  of  the  alimentary  canal  in  which  its  principal  chemical  changes 
Ite  to  take  place  (c^g^/u/t/ton);  fourthly,  for  the  solution  and  reduction 
nf  &€  food  preparatory  to  its  being  brought  into  a  condition  favour- 
able to  absorption  {ckjpnification) ;  fifthly,  for  the  separation  of  a  ma- 
teriil  which  shall  contain  in  a  condensed  form  the  chief  nutritive 
poaciples  of  the  food,  and  which  is  easily  absorbed  into  the  blood 
{tkjiUficaUon) ;  and  lastly,  for  the  removal  of  such  portions  of  the 
liNNl  as  have  not  been  absorbed  into  the  system  during  its  passage 
rioog  the  alimentary  canal  {defacation). 

kenmiBiDg  the  di^stive  process  in  the  I'Dferior  classes  of  animals,  various  mo- 
tteatioDs  are  foand  to  lake  place  in  it,  aecordinK  to  peculiarities  in  the  habits  of 
if  animals,  or  in  the  nature  of  their  food;  and  also  according  to  the  complexity  of 
aiieiBiation  exhibited  by  them. 

hMummalia,  modifications  occur  in  the  masticatory  process ;  the  vegetable  feeder 
veqairing  a  more  complicated  dental  apparatus ;  the  carnivora  being  provided  with 
Ml  of  a  simpler  construction,  but  more  fitted  for  seizing  and  lacerating  the  prey, 
li  others,  again,  the  teeth  are  adapted  to  feed  on  insects,  the  Insectivora;  in  others, 
Ac  Sodeoiia,  certain  teeth  are  constructed  for  gnawing  dry  and  resisting  substances ; 
*Mst  in  some  of  the  whales,  there  are  no  teeth  at  all,  strictly  speaking,  but  only  an 
JHNtratQs  which  will  allow  of  retaining  the  finer  kinds  of  food  in  their  passage  into 
^  month  of  the  animal.  The  other  sub-processes  of  digestion  are  carried  on  very 
*Mdi  upon  the  same  plan  as  in  the  human  subject,  with  only  such  variations  as  the 
■>^ts  of  life  of  the  animals  may  render  necessary.  Thus,  in  a  large  tribe  of  Mam- 
■ttk«  the  Rununantia,  the  food  is  macerated  in  a  complex  stomach,  prior  to,  as  well 
ii  ifler,  it  has  been  subjected  to  a  more  complete  mastication  than  is  employed  in 
^  other  animals.  In  these,  as  well  as  in  all  vegetable  feeders,  the  intestinal  canal 
V  vtry  long  and  capacious,  and  the  coscum  of  great  size.  lo  the  Carnivora  the 
MMiach  is  simple,  and  the  intestines  short  and  narrow. 

h  Birtb  there  are  no  teeth;  and  mastication,  properly  so  called,  is  effected  in  the 

l^icb,  a  portion  of  which  (the  gizzard)  acquires  a  great  increase  of  muscular 

PfVffi  and  is  lined  by  a  dense  cuticle,  and  thus  becomes  a  powerful  organ  for 

grating  the  food,  the  bird  swallowing  pieces  of  flint  or  other  hard  substances  to 

*"  the  mechanical  reduction.    losalivatioo  is  but  slightly  developed,  excepting  in  the 

^glpecker,  where  very  lar^e  salivary  glands  poor  eut  a  considerable  quantity  of 

^^^  to  aid  the  bird  io  picking  the  dry  bark  and  wood  of  trees.    In  some  birds,  how* 

^li  dilated  portion  of  the  cssophagus  (the  €rop)  gives  lodgment  to  the  food  for  a 

y»>nd  pours  out  from  its  mucous  membrane  a  fluid  which  probably  performs  an 

J^^similar  to  that  of  the  saliva,  and  which  at  least  must  serve  to  moisten  the  food 

^'^  it  passes  further  along  the  digestive  tube.    Chymification  and  chylification 

^tMeniJally  the  same  as  io  Mammals;  and  there  are  likewise  similar  difiTerences 

^ggards  the  length  and  development  of  the  intestinal  tube  in  carnivorous  and 

2^^orons  birds.    In  Repiika  the  digestive  process  is,  on  the  whole,  simpler  than  in 

*|  Ptceding  classes ;  but  there  are  the  same  sub-processes,  the  alimentary  canal 

^''jtffof  a  simple  construction.    The  dental  apparatus  varies  according  to  the  mode 

2^^*  of  the  reptile,  fthe  fangs  of  serpents  having  evident  reference  to  the  predatory 

''vits  of  that  class  of  reptiles,)  excepting  so  far  as  the  beak  may  be  regarded  as  a 

'll^lQie;  and  in  some,  as  the  ekelonia,  it  is  entirely  absent.    In  Fishes  there  are  well 

*^eloped  teeth  of  various  forms,  and  oAen  very  numerous,  with  a  simple  stomach 

^  intestine,  but  no  salivary  apparatus. 

, 'Q  ihehigker  Inveriebrata  the  digestive  process  is  carried  on  upon  the  same  plan  as 
!*  the  vertebrata.  In  the  Cephahpods,  there  are  powerful  instruments  df  prehension 
**  the  amt  or  tentacles  which  surround  the  animars  mouth  and  head*    TbtM 
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'   Jtaimals  eojo]'  a  o 


n  power  of  masiicaiion  by  teeih.  and  i 


1  the  inlFstinal  canal,  and  more  at  kss  Eubsfrvkoi  \o  digesiiua.  aimdr, 

creas  and  spleea,  are  absenL    The  stoiuBch  and  inirsiiDal  labe  are  nrj»mi 

a  Ihe  Tenebrata.    The  articulala  have  also  a  digestive  syslem  Itbe  ihai  itli 

(Vertebraie  elatses,  bui  ihe  liver  is  small,  and  developed  in  the  rudnncnuiT  Ufmi 

BCBcal  tubes  opening  imo  ihe  iQiestice. 

In   Ihe   fouier  Inntrlebrala   digeslion  becomfs  very   simple.     The  inie»'iM  ol 

If  Jftomacb  become  much  reduced  in  size;  sod  tn  Eome  the  digestive  appiniat  f» 

inly  of  a  simple  hag,  as  io  ihe  ffesh  water  polyps  having  ihe  ^ame  onbtd 

K^lraace  and  exit ;  or,  oC  a  series  or  sacs  or  bags,  wilh  cerlaia  lubutar  appuli|« 

Tks  in  ibe  Asierias,  and  in  (he  Actinia;  in  these  latter  animals  one  orifice  utnil 

reqnall/  Tor  the  introdociion  o(  the  food,  and  for  Ihe  discharge  of  Ihe  sapeilgoa 

I  iMUers.    In  Med  usee,  the  oral  aperinre  leads  to  a  capacious  cavitj  or  tinniA 

I  ftom  which  cenain  canals  carry  Ihe  tiuiritluus  material  into  the  diOereni  paru  dIM 

I.DOdy;  these  canals  beinj;  probably  analogous  Io  the  circulating  systemi  odhehfba 

r.aBJmals.    In  snme  polyps,  the  Bryozoa,  as  shown  by  Dr.  Arthur  Farre.  a  porw 

f  or  the  stomach  eibibils  great  tnnscnlar  power,  and  seems  to  perform  Ibe  ftacOK 

f  a  gitzard. 

We  shall  find  it  convenient  Io  examine  the  function  of  digestion^ 

[  tracing  it  through  the  T»rioi]S  slage.i,  as  above  enumerated,  dcscribii; 

I  the  mechanism  of  eauh  of  the  subordinate  processes,  and  the  ch»iip 

which  each  of  them  is  capable  of  effecting  in  Ihe  food. 

Before  we  enter  upon  tliese  points,  we  must  make  some  remiriii 
L  upon  Ihe  nature  and  quantity  of  the  food  suitable  for  the  nourisbnu! 
[  of  man. 

It  has  been  already  remarked  at  a  former  page  (p.  59),  tlittM 
I  ibod  is  suitable  for  ihe  support  of  the  human  frame  in  a  healthy  stilt 
I  but  that  which  contains  the  great  slaminal  principles,  which  irelte 
y  chief  constituents  of  the  body.  And  the  same  remark  applies  ■iti 
I  equal  force  to  the  carnivorous,  and  probably  to  the  herbivorxius  t)xaa 
,    of  animals. 

The  food  of  the  lowi?r  animals  varies  to  a  remarkable  extent.  Bsl 
'  nearly,  if  not  entirely,  throughout  the  series,  organized  matter,  cillwt 
I  »egetable  or  animal,  forms  the  proper  nutrient  material.  Itispto- 
I  table  that  some  of  the  lowest  creatures  enjoy  Ihe  power  of  luimi- 
jf  bting  inorganic  mailer,  and  thus  become  the  instruments  of  nulcixf 
[  the  inorganic  substances  indirectly  subservient  to  the  outritioD  of  lit 
I  higher  animals. 

The  elements  of  nutrition  for  man,  and  the  higher  classe*  of  loi- 
I  nals,  exist  in  the  vegetable  as  well  as  in  Ihe  animal  kingdom.  Bu' 
I  tome  animals  are  so  constituted,  that,  in  a  state  of  nature,  thfy  mb- 
I  sist  only  on  the  flesh  of  other  animals;  while  others  live  only  upon 
f  Vegetable  food.  Some  carnivorous  animals,  however,  may,  in  a  rtitt 
[  of  domestication,  be  brought  to  eat  vegetable  food;  but  it  rarely,  if 
[■ever,  happens  that  the  herbivora  can  be  taught  to  eat  animal  food, 
r&fan  is,  by  nature,  a  truly  omnivorous  animal;  and  a  cprlaJn  idmir 
f  hire  of  animal  and  vegetable  food  is  known,  by  experience,  to  bt 
^tibat  which  is  most  conducive  to  his  healthy  nourishment. 

The  classification  of  food  which  Dr.  Prout  has  adopted,  apptiti 
0  US  to  be  eminently  practical — and  on  that  account  we  rccnmniMi 
it  to  the  attention  of  our  readers.  As  water  enters  so  largely  into 
the  constitution  of  the  body,  being  essential  Io  the  integrity  and  to 
the  vital  action  of  the  solids,  and  as  it  forms  the  principal  part  of  tbt 
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nod,  it  is  necessary  that  all  animals  should  lie  supplied  with  liquid 
•d  in  some  shape.     Accordingly,  water,  either  alone  or  holding 

r»rtant  nutrient  elements  in  suspension  or  solution,  forms  part  of 
food  of  all  animals — the  aqueous  group  of  alimentary  materials 
rProut. 

A  large  number  of  substances  derived  from  the  vegetable  kingdom, 
taitute  the  saccharine  group  of  Dr.  Prout.  These  are  character- 
id  by  being  composed  of  carbon,  united  to  hydrogen  and  oxygen, 
>lke  proportions  in  which  these  latter  elements  form  water ;  the  pro- 
itioQ  of  the  carbon  varying  from  30  to  50  per  cent.  (See  ProuVs 
ftn  in  the  Phil.  Trans,)  This  group  comprehends  sugars,  starch, 
M,  vinegar.  These  substances  are  contained  in  vegetables  of 
■MHis  kinds,  sometimes  forming  their  principal  constituent,  and  at 
ker  times  combined  with  other  nutrient  principles. 
The  oily  or  oleaginous  group  of  alimentary  substances  comprehends 
I  those  substances  whose  composition  consists  of  defiant  gas  and 
Iter.  It  includes  the  various  fats  and  oils,  as  well  as  alcohol.  It 
Itmbles  in  ultimate  constitution  the  saccharine  group ;  the  propor- 
m  of  carbon  in  the  various  substances  contained  in  it  varying  from 
1 4o  80  per  cent. 

A  fourth  group,  the  albuminotiSy  is  made  up  of  all  those  substances 
lich  contain  nitrogen — such  as  fibrine,  gelatine,  albumen,  caseine, 
^able  gluten.  All  the  materials  which  make  up  this  group  are 
nved  generally  from  the  animal  kingdom,  with  the  exception  of  the 
t,  which  is  contained  in  great  abundance  in  wheat ;  similar,  if  not 
atical,  principles  exist  in  vegetables.  Wheat,  indeed,  consists  of 
9  substances — one  referable  to  the  saccharine  group,  the  other  to 
t  albuminous,  the  former  consisting  of  starch,  the  latter  of  gluten. 
if  fact  was  recognized  more  than  a  century  ago  (an.  1742)  by  Bee- 
ia,  who  assigned  the  glutinous  portion  to  the  nourishment  of  the 
rogenous  tissues  of  the  body.    {Dr.  Thomson^  Med.  Chir.  Trans,  j 

<«•). 

[o  milk  we  find  a  natural  combination  of  all  the  various  substances 
ployed  for  nutrition — and  it  is  a  fact  of  the  highest  interest  that 
I  product  of  animal  secretion,  elaborated  for  the  nourishment  of  the 
tog,  should  contain  one  or  more  substances  for  each  of  the  above- 
Bed  groups  of  alimentary  materials. 

Tbas,  milk  consists  of  water,  sugar,  oily  matters  (butter),  caseine  ; 
1  wheat,  a  substance  of  almost  universal  application  for  food,  ex- 
jts  an  analogous  union  of  starch,  the  representative  of  the  saccha- 
e  group — and  of  gluten,  representing  the  albuminous, 
[t  iDust  be  borne  in  mind  that  the  albuminous  aliments  are  distin- 
idied  from  those  of  other  groups  by  their  containing  nitrogen.  Food 
this  kind  is  especially  fitted  to  be  directly  assimilated  to  muscle, 
*ve,  and  the  other  animal  tissues,  into  the  composition  of  which 
rogen  enters  largely.  These  aliments  contribute  directly  to  the 
Dation  of  the  blood,  from  which  the  tissues  attract  the  principles 
•at  proper  for  their  nourishment. 

rbe  non-nitrogenous  aliments  are  obviously  fitted  to  nourish  those 
tores  which  do  not  contain  nitrogen,  as  the  fat ;  or  to  supply  thoaa 
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Hcretmns  in  which  carbon  aboitnd.s,  as  tlie  bile.  Morotb^^^H 
|!lurnish  those  large  supplies  of  carbon  which,  we  are  warniO^^H 
E-Bupposing,  Ihe  animal  economy  stands  greatly  in  need  of,  M^^^f 
I  from  ihe  great  amount  of  that  element  which  is  to  be  foond  ia  I^^^H 
r  tissues,  but  also  from  (he  larf^e  excretion  of  carbonic  acid  vbi^^K 
r  constantly  lakins:  place  from  ihe  respiratory  and  other  aurrarrti H^^E 
L  ftnimal  body.  The  formation  of  carbonic  acid  in  the  economy  IfJ^K 
[  onion  of  carbon  and  oxygen  is,  uo  doubt,  the  immediate  cause ifilK 
I  fl;eneralion  of  animal  heat,  and  thus  the  supply  of  carbon  in  llitl|J|H 
[  becomes  of  great  importance  to  the  maintenance  of  the  ptopnHlfl 
[  perature  of  animals.  ifl 

f  From  the  natural  subdivision  of  Ihe  food  of  man  into  twoclNVl 
t  —one,  consisting  of  the  niirogenized  matters,  well  adapted  bylUrl 
L  constitution  for  the  formation  of  blood,  and  the  other,  the  non<N9»  ■ 
I  genized  substances,  serving  to  supply  a  large  amount  of  carbM—  I 
Liebig  proposes  to  name  the  former  (/<e  plastic  elements  qfnubHim,  I 
I  Rnd  the  latter  elements  (tf  respiration,  I 

I  To  tbe  first  term  we  see  no  objection — bnt  the  use  of  anTlm  | 
[  which  would  imply  that  respiration  must  be,  as  it  were,  fed  direfij 
r  through  the  digestive  process,  appears  to  us  scarcely  consistent  «ift 
I  &e  real  facts  of  the  case.  The  respiratory  process  is  partly  a  prcmn 
I  .of  supply,  and  partly  one  of  depuration.  It  supplies  oxygen,  so  J  fl 
r  Assists  in  the  removal  of  effete  matters  in  the  shape  of  carbonic  wi. 
I  Tbe  effete  particles  of  the  tissues  would  probably  supply  sufficitlt 
I  carbonic  acid  to  effect  the  attraction  of  the  required  amount  of  niTEBt 
I  —but  as  tbe  supply  of  oxygen  has  the  ulterior  object  of  genentingt 
due  amount  of  heat,  there  will  be  required  for  ibis  purpose  a  Uf{U 
quantity  of  carbon  than  can  be  obtaineil  merely  from  the  desliuctitt 
■ssimilalion  of  the  tissues  (to  use  Dr.  Proul's  expression).  HraWi 
for  this  purpose,  a  special  supply  of  carbonaceous  material  nw*  b* 
I  furnished  to  the  blood — and  this  is  derived  from  the  non-asoliw 
b  alimentary  substances.  We  prefer,  then,  the  terms  lately  propOfti 
I  by  Dr.  R.  D.  Thomson,  namely,  calori/arient  for  the  non-nitrogeiui'' 
1  substances,  nutritive  for  the  azotized  mailers. 
I  It  is  proper  to  notice  that  azotized  matters  may  be  caloriftciwt, 
I  inasmuch  as  they  contain  a  large  quantity  of  carbon  ;  and  it  is  Idowh 
I  that  large  tribes  of  men  live  on  animal  food  alone.  A  large  numbti 
I  of  North  American  Indians,  according  lo  Calilin,  live  almost  eje'n- 
I  Mvely  on  the  llesh  of  the  bu&'alo,  Ihe  only  non-azotized  food  «lii<^ 
I    they  obtain  being  Ihe  fat  belonging  lo  it. 

I        In  determining  tbe  nature  of  the  diet  to  be  furnished,  in  oHerlo 

preserve  man  in  a  healthy  state,  care  musi  be  taken  In   provide  lot 

\    the  calorific  as  well  as  the  nutrient  function  \  and  hence  tbe  admittBTt 

of  a  certain  quantity  of  non-azolized  food  is  neede<i  for  lb«  (hnse 

I   fiinction.    In  the  cold  northern  climates  Ihe  natives  instinctively  ftti 

I   en  fat  and  oily  food,  which  contains  a  large  per  cenlage  of  ortxfl 

[  while  the  natives  of  ihe  warm  south  feed  on  fruits,  which,  as  LitW 

says,  contain  no  more  than  twelve  percent,  of  carbon.     Millt,ibt 

food  of  the  young,  in  whom  the  production  of  heat  ought  to  be  most 

■cUve,  contains,  according  lo  Dr.  Thomson,  two  parts  of  calorifi- 
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at  for  one  of  nutritive  matter.  Eggs  also  contain  nutritive  matter 
m  concentrated  form,  consisting  chiefly  of  pure  albumen,  to  which 
•QBsiderable  quantity  of  calorifacient  matter  is  added  in  the  oleagi- 
iM  yolk.  The  accumulation  of  these  substances,  as  a  natural 
Mfision  for  the  nourishment  of  the  young,  whilst  yet  under  the  sole 
lUaiice  of  the  purest  instinct,  or,  as  in  the  egg,  where  the  nutrient 
IMIer  is  directly  absorbed  by  the  tissues  of  the  embryo,  affords  the 
JHmi  indication  that  a  compound  food,  consisting  o(  such  elements, 
Riscessary  for  perfect  nutrition  at  this  period  of  life.  As  age  ad- 
jlces,  or  the  generation  of  animal  heat  becomes  less  active,  the 
Hitity  of  calorifacient  food  required  is  less,  and  that  of  the  purely 
iliient  food  more. 

9t'Saqperience  justifies  the  conclusion  to  which  our  reasoning  on 
ifm  points  leads,  namely,  that  in  the  temperate  climates  the  proper 
Mntnt  materials  for  infancy  and  childhood  are  milk,  saccharine  and 
■fkceoos  substances,  the  latter  being  combined  with  gluten  ;  and 
it  to  these  must  be  added  a  certain  amount  of  gelatine,  albumen, 
wi  fibrine,  when  the  growth  of  the  child  arfd  the  more  active  play 
f  its  nervous  and  muscular  systems  call  for  a  further  supply  of 
Ivagenized  food.  In  adult  life,  azolized  substances  «re  needed,  as 
friocipal  portion  of  the  diet,  to  supply  the  waste  which  mental  and 
idOy  exertion  gives  rise  to. 

It  must  be  confessed,  however,  that  the  views  which  theory  sug- 
Mb  upon  this  subject  are  not  such  as  would  enable  us  with  benefit, 
I  erea  with  safety,  to  determine  the  suitable  diet  for  man.  We 
Ml  much  from  instinct  and  more  from  experience,  which  we  could 
irer  have  gathered  from  d  priori  reasoning.  Thus  the  importance 
F  the  admixture  of  vegetable  with  animal  food  could  never  have 
ItB  determined  without  the  aid  of  the  experience  afforded  by  the 
ritncholy  instances  of  disease  generated  by  the  privation  of  the 
mer  kind  of  aliment.  Scurvy,  as  it  is  now  well  known,  is  fre- 
Mrtly  doe  to  the  want  of  a  proper  supply  of  fresh  vegetable  food  ; 
kd  it  may  be  quickly  and  effectually  cured  by  supplying  this  want. 

E,  it  cannot  be  the  deficiency  of  any  of  the  staminal  principles 
gives  rise  to  scurvy,  because  these  exist  in  abundance  in  the 
iaaA  food ;  and  scurvy,  it  must  be  remembered,  will  occur  in  the 
idit  of  plenty  of  this  kind  of  food.  The  disease  is  due  to  the 
ifieiency  of  some  unknown  material  necessary  to  health,  which  the 
igetable  kingdom  alone  can  supply ;  and  which,  apparently,  is  most 
■dily  obtained  from  citric  acid,  lemon  or  lime-juice,  or  vegetables 
iBCatoing  citric  acid  in  good  quantity,  as  the  potatoe. 
Nevertheless,  the  results  of  investigations  as  to  the  influence  of 
iiticiilar  kinds  of  diet  in  modifying  nutrition,  are  strongly  confirma- 
ij  of  the  views  expressed  above.  Diet  may  be  insufficient,  either 
wm  its  being  given  in  too  small  quantity,  or  from  its  being  defective 
i  eome  principle,  essential  or  incidental,  necessary  to  the  health  of 
m  blood — that  fluid,  upon  the  healthy  condition  of  which  the  proper 
mrishment  of  the  body  depends.  The  effects  of  a  diet  scanty  in 
lentity,  although  not  objectionable  in  quality,  are  visible  in  the 
sneral  emaciation,  the  wasting  of  all  the  tissues,  and  the  consequent 
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bilily.     If  dissolution  be  !jIow,  the  great  non-nilrogenized 
[  of  Ihe  body,  fal,  is  employed  to  supply  llie  animal   heat,  as 
'  ingly  seen  in  hybernnliiig  animals.    Specific  efleels  follow  the 
of  certain  elements  of  the  food,  even  although  the  absolute  ■ 
of  it  be  abundant.     If  nitrogen  be  deRcient  in   quantity,  * 
gether  absent,  ibe   imperfect  nutrition  shows  itself  in  the 
tilceralions  of  particular  textures.    Those  tissues  suffer  roost  m 
there  is  but  little  inherent  activity  of  nutrition,  or  which  are  ■ 
to  the  contact  of  vitiated  secretions.     In  Magendie's  well-kni 
periments  of  feeding  dogs  upon  sugar  and  water,  the  cornen 
eye  ulcerated,  and  destruction  of  the  organ  ensued  upon  Ihe 
quent  evacualion  of  the  humors.     Similar  cases  now  and  ihewitn 
in  the  human  subject  from  the  supplies  of  nourishment  beinf /iw* 
quate.     Ulcers  are  very  apt  to  show  themselves  on  the  diucouska- 
brane  of  the  alimentary  canal ;  they  will  form  in  the  mouth  oru^ 
intestine.     These  signs  may  be  accompanied   with  a  more  utia 
scorbutic  stale,  as  shown  in  spongy  gums,  subcutaneous  ecchjM"^ 
&.C.,  according  to  the  extent  lo  which  the  blood  has  sufTereJ;  lUj^ 
may  occur,  too,  where  there  is  abundance  of  fat,  although  wwiim* 
muscles.     If  the  supply  of  non-nitrogenous  food  be  large,  [alwilltt 
formed.    When   Magendie    fed    dogs  exclusively  on  fat,  there  «« 
ulceration  of  the  cornea  and  wasting  of  muscle,  but  the  tissue*  *«l 
infiltrated  with  fat.    The  case  of  the  ill-fated  Dr.  Stark  illustraleJto 
effects  of  the  long  continuance  of  a  diet  deficient  in  nitrogen, 
physician,  with  ill-directed  zeal,  dieted  himself  for  four  months cbieij 
on  non-azotized  food,  water,  butter,  oil,  sugar,  taking  only  bread  in 
small  quantity,  and  meat  or  fish  occasionally  as  azotized  food,    lo  i 
short  time,  well-marked  scorbutic  symplomsshowed  tbemselveiwilbon: 
any  diminution  iu  the  fat  nf  his  body ;  but  subsequently  diarrloit 
the  result  of  ulceration  of  the  intestinal  mucous  membrane,  cancUt 
and  terminated  his  career. 

Of  the  Quantity  of  Food  necessaryyor  Health. — The  proper  qutaffij 
of  food  necessary  for  the  support  of  general  nutrition  in  ■  Willi; 
state  can  only  be  determined  by  the  results  of  observalion  lodei- 
periment ;  and  the  best  mode  of  gaining  information  on  this  |i«iB<» 
to  consult  the  diet  tables  of  various  public  institution?,  in  wlii^  ilw 
Attention  is  paid  to  the  health  of  the  inmates,  dc  to  asceiUin  the 
allowances  which  are  found  sufficient  for  the  army  and  navy.  Eati 
seaman  in  the  British  naval  service,  is  allowed  from  31  to35^inBK> 
of  dry  nutritious  food  daily,  of  which  26  ounces  are  vegetable  (xi 
the  rest  animal,  the  latter  consisting  of  nine  ounces  of  salt  meitnr 
4^  of  fresh.  Sugar  and  cocoa  are  also  given.  The  soldier  is  allotd 
a  pound  of  bread  and  three  quarters  of  a  pound  of  tneat.  la  nttf 
of  the  London  hospitals,  full  diet,  which  is  given  lo  convalewW 
patients  who  need  a  liberal  diet,  consists  generally  of  half  a  p«wJ 
of  meat,  with  from  12  to  14  ounces  of  bread,  half  a  pound  of  pot»- 
toes,  a  pint  of  milk,  and  sometimes  beer  or  porter,  a  pint  of  Ihe  fijni" 
or  half  a  pint  of  the  latter.  The  former  dietary  is  destined  forna 
who  must  be  in  readiness  for  the  most  active  athletic  exercises,  re- 
quiring not  only  great  muscular  strength,  but  also  considerable  pow» 
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ipf  cnduriDg  fatigue.     The  latter  is  intended  to  recruit  the  powers  of 

||KMC  ^vbo  have  been  sufTering  from  disease.     If,  now,  we  compare 

ifviik   tbese  a  dietary  which  has  been  found  sufficient  for  the  support 

^  Health  in  a  state  of  more  or  less  confinement,  with  a  moderate 

0llOouot  of  daily  labour,  we  may  fairly  infer  that  the  proper  allowance 

§o^  persons  not  engaged  in  actual  manual  labour  lies  between  these 

(KStreinea.     In  the  union  workhouses  of  England,  able-bodied  men 

obtain  about  25  ounces  of  solid  food  daily,  of  which  the  quantity  of 

t  does  not  exceed  5  or  6  ounces.     In  prisons  it  has  been  found 

ry  to  give  a  certain  amount  of  animal  food  to  prisoners  who 

object  to  hard  labour.    Each  of  such  prisoners,  if  confined  for  a 

^^1^  exceeding  thYee  months,  and  kept  at  hard  labour,  has  a  daily 

"^wance  of  about  36  ounces  of  food,  of  which  meat  constitutes  only 

^^ry  small  portion,  namely,  about  16  ounces  in  the  week,  four  ounces 

^  each  of  four  days  in  the  week.     The  prisoner  has  obviously  the 

I^Tiotage  of  the  poor  man,  whose  only  crime  is  poverty.     But  there 

^doobtless  sufikient  justification  for  this,  in  the  fact  that  the  labour  of 

Ike  prifOD,  and  the  mental  depression  which  long-continued  restraint 

lad  eonfinement  induce,  render  a  greater  amount  of  nutriment  neces- 

■ly  than  the  indigent  would  require  who  seek  in  the  workhouse  a 

Adter  from  absolute  want. 

It  is  plain,  then,  that  a  daily  amount  of  food,  varying  in  quantity 

between  35  and  25  ounces,  is  sufficient  to  maintain  health ;  but  of 

this  afourth  or  a  fifth  ought  to  be  animal  food,  especially  when  bodily 

aertioii  is  being  used.     An  amount  greater  than  this  is  prejudicial, 

•i  affording  material  for  the  formation  of  new  compounds,  which 

ferve  only  as  materies  morbi  that  may  contaminate  various  tissues  or 

Ofgaos,  and  impair  their  physical  and  vital  properties.     A   lesser 

quantity,  on  the  other  hand,  makes  a  poor  blood,  weakens  the  co* 

heaiTe  power  of  its  elements  as  well  as  the  attractive  force  of  the  tis- 

raes;  and  thus,  in  this  latter  case,  materies  morbi  may  be  generated 

from  the  decomposition  or  the  imperfect  composition  of  the  elements 

of  the  blood,  and  the  tissues  will  suffer  partly  from  not  appropriating 

a  aafficient  quantity  of  the  nutritious  elements  contained  in  the  blood, 

and  partly  from  the  inferior  quality  of  those  elements  themselves, 

which  are  probably  also  contaminated  by  some  new  compound. 

In  proportion  as  our  knowledge  of  pathology,  or  the  intimate  nature 
of  disease,  extends,  we  become  better  able  to  treat  disease  with  ad- 
Tantage  on  physiological  principles ;  and  it  must  be  evident  to  all, 
who  fairly  consider  the  subject,  that  nothing  is  more  important  than 
to  determine  the  proper  diet  suitable  to  particular  maladies.  We 
Biost  not  content  ourselves  merely  with  starving  or  feeding  a  diseased 
peraoD ;  but  we  must  give  him  that  kind  of  food  (whether  in  large  or 
anall  quantity)  which  his  digestive  organs  can  most  readily  assimilate, 
and  which  will  not  serve  as  pabulum  to  the  morbid  matter  which  is 
apt  to  be  generated  in  his  system.  It  is  in  diseases  of  the  kidneys 
and  liver  that  the  most  manifest  good  is  derived  from  a  well  directed 
dietetic  system.  In  diabetes  it  has  long  been  determined  that  a  diet 
of  animal  food,  with  abstinence  from  sugar,  and  substances,  such  as 
starch,  capable  of  being  converted  into  sugar,  is  productive  of  excel- 
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lent  results.  In  diseases  of  (he  liver,  more  is  to  be  gained  hj 
atlention  to  the  quantity  of  the  food  than  to  ihe  qualiljr ;  at  the  nnt 
lime  that  it  must  be  borne  in  mind  tbat  a  nitrogenized  diet  is  nun 
suitable  than  one  abounding  tn  carbon,  which  would  throw  upDottn 
organ  a  work  of  elimination  greater  iban  it  may  be  able  to  bear.  !i 
the  rheumatic  and  gouty  diatheses  attention  to  diet  is  Ihe  mini  » 
source  lo  counteract  the  tendency  to  generate  the  morbid  agents  »titi 
severally  produce  those  states  of  constitution. 

When  there  is  a  tendency  to  the  accumulation  of  fat,  a  oitrogenurt 
diet  in  regulated  quantity  is  the  most  suitable  to  obviate  it.  ffba 
more  carbon  enters  the  system  than  is  required  for  the  caloriftcia 
and  respiratory  functions,  or  for  the  nourishment  of  tissues,  it  wlll»^ 
cumulate  as  fat:  and  it  is  only  to  be  removed  by  the  free  edniiBn 
of  oxygen  to  consume  it,  care  being  taken  at  the  same  tim*  tmtu 
favour  further  accumulation  by  the  supply  of  too  much  food,  e^peciiH* 
of  the  non-azotized  kind.  The  practice  of  trainers  furnishes  i  ukU 
commentary  on  this  point,  and  may  be  imitated  by  many  who  idfe 
from  dyspepsia.  The  following  account  of  the  system  purtueil  n 
training  was  communicated  to  Sir  John  Sinclair  by  Mr.  jackmn'— 

"  The  diet  is  simple — animal  food  alone  ;  and  it  is  recomnxDiM 
to  lake  very  little  salt  and  some  vinegar  wilh  the  food,  which  pre»raU 
thirst,  and  is  good  lo  promote  leanness.  Vegetables  are  never  aiwn, 
as  turnips,  carrots,  and  potatoes;  but  bread  is  allowed,  only  ii  aae 
be  stale.  They  breakfast  upon  meat  about  eight  o'clock,  and  iliiK*l 
two.  Suppers  are  not  recommended,  but  they  may  take  a  biscoitni 
a  lillle  cold  meat  aboul  eight  o'clock,  two  hours  before  iheygoH 
bed.  It  is  reckoned  much  againsl  a  man's  wind  to  go  to  bed  wAt 
full  stomach,  and  they  in  general  take  a  walk  aller  supper.  SoM 
people  will  have  tea ;  but  it  is  not  recommended,  nor  is  it  strcngihni- 
ing,  and  no  liquor  is  given  warm.  Full  and  substantial  meali  tn 
given  at  breakfast  and  dinner ;  beef  and  mutton'  are  best.  It  i;  con- 
tended that  there  is  more  nourishment  in  the  lean  of  ment  lhka<)i' 
fat,  which  is  fully  proved  by  experiment,  fat,  being  of  a  greasy  aMn, 
causes  bile,  and  palls  the  stomach :  the  lean  of  fat  meat  is  best.  Vtil 
and  lamb  are  never  given,  nor  is  pork.  The  legs  of  fowls,  h«Bg 
sinewy,  are  much  approved  of.  The  yolk  of  a  raw  egg  is  nckanei 
the  best  thing  in  a  morning,  and  is  supposed  to  prevent  biliooi  eom- 
plainls.  Beefsteaks  are  reckoned  very  good,  and  rather  ondenloiK 
than  otherwise,  as  ail  meat  in  general  is;  and  it  is  better  lo  biretbt 
meat  broiled  than  roasted  or  boiled,  by  which  nulrimeitt  is  lost.  N< 
lisb  whatever  is  allowed,  because  it  is  reckoned  watery,  and  not  to 
be  compared  with  meat  in  point  of  nutriment.  The  fal  of  mettii 
never  given,  but  the  lean  of  the  best  meat.  No  butter  nor  cheew  oi 
any  account ;  cheese  is  indigestible.  Meat  must  be  dressed  as  pto 
as  possible  without  seasoning  of  any  kind.  Men  will  lire  longer* 
beef,  without  change,  than  on  any  other  kind  of  animal  fortd,  Iwl 
mutton  is  reckoned  most  easily  digested.  The  meat  mnsl  always** 
fresh,  and  never  sailed.  No  quantity  of  meat  is  fixed;  it  depta* 
upon  Ihe  constitution  and  appetite.  Little  men  will  eat  as  tnneti  u 
large  men,  and  very  frequently  more.     Pica  and  puddings  we  nem 
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Ten,  nor  any  kind  of  pastry ;  as  to  hard  dumplings,  people  may  as 
ell  take  eardienware  into  their  stomachs." 

This  system,  it  mast  be  remembered,  is  combined  with  one  of 
sdTe  and  even  severe  exercise. 

The  periods  for  taking  food,  and  the  quantity  to  be  taken,  are 
■der  die  natural  guidance  of  certain  sensations,  which  we  call  Hun- 
er.  Thirst,  and  Satiety. 

Bunger, — The  immediate  cause  of  hunger  cannot  be  explained. 
I  is  probably  a  sensation  dependent  on  a  peculiar  condition  of  the 
MieoQS  membrane  of  the  stomach,  which  certain  states  of  disease 
mj  blunt  or  may  increase  to  an  inconvenient  extent,  as  in  diabetes, 
lie  nerve  which  is  instrumental  in  this  sensation  is  probably  the 
figos  nerve  by  its  gastric  branches,  but  there  is  no  reason  for  deny- 
l|to  the  sympathetic  nerves,  distributed  to  the  stomach,  some  share 
"^  this  phenomenon.  The  experiments  of  Brachet  and  Dr.  John 
,  relative  to  the  influence  of  the  nerves  on  hunger,  lead  to  no 
cry  conclusion,  because  of  the  difficulty  of  interpreting  the 
Mttations  of  dumb  animals,  and  the  probability  that  appetite  would 
ke  destroyed  or  impaired  after  any  serious  operation,  even  although 
la  injured  nerve  had  nothing  to  do  with  the  stomach.  The  sensa- 
hm  caused  by  extreme  hunger  would  indicate  that  some  further 
kttge  was  taking  place  in  the  wall  of  the  stomach.  A  peculiar 
EMe  of  sinking  referable  to  the  gastric  region,  general  faintness, 
Kietion  of  gas  into  the  stomach,  and  sometimes  actual  pain,  accom- 
ny  this  state. 

When  these  sensations  are  not  relieved  by  their  appropriate  stimu- 
li, food,  the  effects  of  fasting  begin  to  show  themselves.  The  body 
feeds  upon  itself— in  other  words,  the  process  of  destructive 
ilation  is  the  only  source  from  whence  the  blood  derives  its 
nierials  of  supply.  AH  the  tissues  show  the  effects  of  impaired 
Btrition  in  the  deficient  manifestation  of  their  vital  powers — the 
umal  loses  weight,  and,  according  to  Chossat,  this  loss  is  most 
ipid  the  few  days  immediately  preceding  death.  The  tissue  which 
tttes  most  is  fat,  and  those  which  lose  least  are  the  osseous  tissue 
id  the  nervous.  There  is  also  great  loss  of  heat;  Chossat  states 
Mt  the  daily  fall  was  half  a  degree  of  Fahrenheit ;  but  on  the  last 
■y  it  fell  much  more  rapidly,  reducing  the  temperature  to  77^.  The 
jMiach  is  much  contracted,  and  its  mucous  membrane  thrown  into 
lick  folds  or  rugae.  The  gall  bladder  is  generally  full  to  distention, 
le  intestines  are  contracted  like  the  stomach ;  according  to  Collard 
e  Martigny,  the  lymphatics  become  full  in  the  first  ten  days  of  fast- 
ig,  bat  afterwards  their  contents  decrease  considerably.  The  respi- 
iloiy  movements  become  slow,  and  the  pulse  falls  considerably  in 
cqoency:  The  urine  becomes  scanty,  and  all  the  parenchymatous 
Igaos  are  remarkable  for  their  paleness.  Furious  delirium  frequently 
mifeats  itself,  when  the  loss  of  strength  becomes  considerable.  A 
ioular  delirium  sometimes  ensues  where  too  rigid  an  abstinence  has 
een  observed  in  the  treatment  of  disease. 

The  period  at  which  death  occurs  from  protracted   abstinence 
tries  greatly;  young  animals  die  sooner  than  old  ones.     Dogs  live 
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from  Iwenty-Gve  Co  thirty-six  days.  In  man,  total  pnn 
borne  above  a  weelc.  By  the  aid  of  a  Hule  drink,  given  n-  .^r^iM 
then,  life  may  be  prolonged  considerably,  and  instances  are  r^^— iko 
where  it  conlinued  for  eighteen  or  nineteen  days,  or  even  fo:  ^cxx 
days.  Dr.  Willan  saw  a  gentleman  who  voluntarily  abstainer*  md 
everything  but  water,  tlavored  with  orange  juice,  for  sixty  Hi^t  ijfi 
then  died.  Medical  men,  however,  should  exercise  much  ^  (j 
spection  in  cases  of  professed  abstinence,  numerous  impa5(u^'^K  rq 
ing  been  practised  on  this  subject. 

Thirsl  results  from  a  peculiar  slate  of  Ihe  mucous  membrane,  ^tf 
digestive  tube,  but  more  especially  of  the  mucous  iDembrsn(_i_^i|j^^ 

mouth  and  fauces,  caused  by  the  imperfect  supply  of  liquid.   ^^ 

of  clamminess  in  the  mou'b,  pharynx,  and  even  down  ihe<^»n^ 

§us,  accompanies  extreme  thirst.     The  Ihirst  in  fevers  is  ^»T:to  J 
ue  to  the  state  of  the  blood  and  the  consequent  change  in  IhvAiw  / 
tions.     Injecting  thin  fluids,  as  water,  into  the  blood,  relievo  ib  f 
thirst  of  poisoned  animals,  as  found  by  Dupuytren  and  OtSii.  b-  l 
jecting  liquids  into  the  stomach  relieves  thirst,  as  was  fmutdioi 
case  where  the  cesophagus  had  been  wounded. 


On  the  6objecls  of  ihis  ch»pier  ihe  readrr  may  be  referred  In  Dr  i 
■nd  wurUs— Dr.  Ptris  on  Uiel— Dr.  Pereira's  work  on  ihe  same  %<il<, 
wurks— Dr.  I.alham'a  acciiuni  of  ihe  dtEcase  prevalent  al  Ihr  T': 
Dr.  Build's  tec  lurrs  on  di-.ra'-e^  prodoced  bv  insufficieni  noorishii 
_Sir  J.'bn  SinelairN  C.>de  of  Health,  in  obich  many  mtercMu.^    .  . 
dieland  rr^inten  bate  been  p'r^errrd— Tiedeiiisnn,PhjS]ok>gii;,  Ilji.- 
Animal  Chemisirj— Dr.  K.  11.  Tbi>ni«oD  on  Food. 
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OF  DIGESTION. PREP.^KATORY  PROCESSES  ;    VIZ.  PREHEKSIOB,  UUTIU' 

TICS,  IKSAUVATIOX,  tlKGLf  IITIOK  :    THE   ANATOMY    OF   TBE  0»fii»l 
CONCERNED  W  THESE  PROCESSES.* 

In  the  present  chapter  we  shall  consider  ihe  preliminary  stag«"i 
the  function  of  digestion,  undrr  which  bead  may  be  included  lU  ilXf' 
vbicb  precede  the  eatraiice  of  tbe  food  into  the  stomach. 

*  In  entering  on  a  eouaiemiOB  oTlke  Atioealarj  proeesfes,  a  few  vDiAau^l* 
eonT-enienilr  inirnfaeed  retwdiap  ike  B^^f^l  ksatOMf  of  ibe  nufDo*  f)^«>>  *  *" 
under  Bbich  we  indurfr  Ac  ski^  ■■enw  BwfciWMii.  ani)  irue  glands,  all  of  ■>'■ 
are  cunUDOnas  wuh  one  AMtttr.  aMi  to»»BW<  cweniialljr  of  similar  ptni>  TV 
akin  and  ifae  glaiidi  feftiiataf  m  iL  •■  ««ll  as  sevttral  pans  at  ihe  nacvtti  ■'■' 
branes,  bare  been  abvadf  Wiiailriy  JiJ«>i>«]<  t*  WMbMt  of  tbc  orfrao)  "I  •*>*  '' 
coljr  rcmaiBt,  iberefim.  MifMkM  Ihe  (IMI  uaMnwl  nacau  traou,  wiib  tburaa^^ 
ciaied  glands. 

The  agmmtoy  ■■—!  mbImmmmmmcci  H  tim  Upt-mni  lloexilleftMr 
trarerwd  bj  Ibe  foa4fro«  the  ■awfc  m  ib*  aawa.  TW  priateipalnlaixfawliuw*'' 
open  afHin  il.  air  ibe  kbcdbi  ami  aaAvarr  c^afc  Ae  ptaerrv,  and  ibe  Iinr.  Be 
•idea  ibese,  iu  ibicteess  ts  Ba4c  Bfv  ib  tb*  tfa«Mh  aM  acnAlI  iolesLiiiei,  of  *i  i»' 
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fisiony  or  the  taking  of  food  into  the  mouth,  little  needs  be 
perrormed  chiefly  by  the  hand,  that  wonderful  instrument 
wet  instincts  as  well  as  of  his  higher  attributes.  The  lips 
f  as  well  as  the  anterior  teeth,  and  the  tongue,  are  also 
n  this  function. 

are  endowed  with  great  sensibility,  derived  from  the  su- 

nferior  maxillary  divisions  of  the  fifth  pair  of  nerves,  and 

with  largely  developed  papillae  of  touch,  which  receive 

tubular  oflset^  vertically  arranjf^ed,  poaring  their  coDtenta  on  its  free 
rroing  an  involufed  or  compound  membrane,  or  a  diffnsed  or  memlMiinoos 
e»piratory  mucous  membrane  begins  at  the  nostrils,  sends  processes  to 
he  optic,  and  the  auditory  organs,  and  lines  the  air-passages  to  their 
numerous  mucous  glands  occur  in  this  tract.  Lastly,  the gentla-tin- 
tembrane  commences  at  the  genito-urinary  orifices,  lines  the  excretory 
lining  to  both  functions,  and  is  the  essential  constituent  of  the  glands 
e  female,  however,  there  is  an  exception  in  the  case  of  the  ovaries,  as 
led  in  a  subsequent  pa?e. 

into  all  the  recesses  of  the  mucous  system,  and  forming  its  chief  balk, 
^td particles,  arranged  as  a  layer,  and  developed  in  succession,  in  such 
the  old  ones  disappear,  while  others  advance  from  below.  An  qnthe- 
tuliar  to  the  mucous  system,  but  is  met  with  also  on  serous  membranes, 
lis  of  the  blood  and  lymphatic  vessels,  as  well  as  elsewhere;  bat  it  is 
here  by  its  external  position  as  regards  other  textures,  so  as  to  be  ca- 
g  from  the  body,  or  to  be  exposed  to  the  contact  of  foreign  substances, 
>f  this  epithelium  are  very  diflferent  in  different  parts,  and  may  be  di- 
y,  columnar,  glandular,  and  ciliated.  The  seaiif  variety  is  seen  on  the 
e  alimentary  tract  as  low  ax  the  stomach,  as  well  as  in  the  excretory 
enito-urinary  tract.  (See  vol.  i.  pp.  404,  413,  437,  Ac.)  The  columnar 
s  of  rod-like  panicles,  placed  endwise,  generally  bulged  near  the  cen- 
ens,  and  narrowest  at  the  point  of  attachment  They  are  met  with  in 
»s,on  the  intestinal  villi,  in  the  bile-ducts,  and  elsewhere.  The  gktndu' 
alky,  its  particles  rather  globular  than  flat  or  long,  and  foand  in  all  the 
eral  secretions  being  essentially  the  contents  or  substance  of  the  par- 
The  dliaied  particles  are  columnar  or  sat>-globular  in  shape,  but 
r  free  margin  with  cilia,  as  in  the  examples  formerly  figared,  (vol.  i. 
,  p.  4.)  They  are  found  chiefly  in  the  respiratory*  tract,  and  in  parts  of 
:t  of  the  female.  The  true  scaly  and  glandular  varieties  of  epithelium 
ted.  See  Cyclop.  Anat,  art.  Mucous  Membrane, 
am  rests  for  the  most  part  on  a  layer  of  membrane,  hence  termed  toe- 
\  which,  in  the  best-marked  examples,  is  distinctly  homogeneoas  and 
It  in  some  situations  is  finely  fibrous,  and  not  easily  separable  from 
I  other  tissues  which  lie  below  it  These  two,  the  epithelium  and  the 
ibrane,  may  be  regarded  as  the  constituents  of  a  simple  mucous  mem- 
I  the  latter  cannot  l>e  everywhere  traced,  for  example,  in  the  interior  of 
)ales.  The  office  of  the  basement  membrane  seems  to  be  in  all  cases 
epithelium,  and  to  shut  in  or  cover  over  those  tissues  which  may  be 
temal  to  the  elements  of  the  simple  mucous  membrane.  Professor 
lers  that  the  basement  membrane  is  covered  with  points,  which  he 
>f  notrition,  from  which  the  development  of  the  particles  of  epithelium 
we  cannot  accede  to  this  view ;  first,  t>ecause  the  l>est  examples  of 
brane  display  no  such  points ;  and,  secondly,  because  such  a  suppo- 
ling  to  explain  the  successive  growth  of  the  particles, 
which  lie  ander  the  simple  mucous  membrane,  as  now  sketched  ont, 
ae,  blood,  and  lymphatic  vessels,  and  nerves,  and  in  some  situations  a 
ary  tissue.  These,  in  their  several  forms  and  proportions,  greatly 
racters  of  the  membrane,  as  it  is  presented  to  the  naked  eye,  and  con- 
to  oar  common  notions  of  the  structure  of  the  skin,  mucous  mem- 
inds.  The  areolar  tissue  forms  the  cutis  vera  of  the  skin,  (vol.  i.  p. 
orresponding  part  of  the  great  mucous  tracts;  while  in  glands  it  is 
ich  smaller  quantity.  The  blood-vessels  and  other  textures  are  modi- 
ways,  as  will  be  hereaAer  noticed  in  detaiL 


an  abunJant  supply  of  bloot!  from  the  coronary  arleries.  Alongilwi 
I  inargin  the  skin  becomes  continuous  villi  the  mucous  membnntrf 
^  the  digestive  apparatus,  which,  wilhiti  these  parts,  as  well  ware 
I 'the  rest  of  the  mouth,  the  pharynx  and  cesophagus,  as  far  as  tht»- 

inach,  has  an  epithelium  of  the  scaly  variety  ;  this  variety  fonm; 

'the  most  essential  characterof  that  subdivision  of  the  digestirt  ippi- 
I  ralus  considered  in  this  chapter.  The  tips  are  moved  byaboallmff 
I  muscles,  and  are  capable  of  grasping  and  rolaining  the  food  pixel 
I  ^vithin  them,  and  of  aiding  in  the  subsequent  molions  which  iis 
>  made  to  undergo  in  the  mouth.     Their  employiDeot  in  arliculuiN 

will  be  spoken  of  in  anolher  place. 

The  llp«  and  ihe  Inngiie  uniiir^o  a  variet;  or  modiRealions  in  Ihe  uiaalBM 
«iih  reference  lo  the  funciion  of  prehension  j  amon^  ihese  rosy  be  eoiUBnuWIi 
I  enlargeil,  pendulon*,  and  very  movable  lips  of  ibe  ruminanlj  and  soIipedi,Ml<l 
'^  lome  ihonkeyn.  Man  Ufes  his  lips  in  suulion,  as  do  ihe  yoang  of  all  nuniMkl 
Ihe  brea.ll.  Among  lishcs,  the  cyclostomatous  group  (as  ihe  lamprey)  b«ttt* 
tion  power  of  a  similar  kind,  ikeir  circular  mouih  being  surronnileil  mi  id^mI 
,'by  a  ring  o(  carlilage,  and  furniKhed  viih  appropriate  muscles  for  prodBCia|i 
Rion  lo  surfaces  to  »hcch  ii  IR  applied.    In  birds,  the  '■— j.^-j .. 


Ihe  bill,  which  is  always  the  prehea 


le  organ 


a  ibal  class. 


e  modified  wulota 


The  tongue  is  used  by  man  and  animals  in  suction,  somevhaiu 
I  piston,  being  drawn  wilhin  Ihe  mouth  so  as  lo  esbaust  the  Mien 

I  .'part  of  that  caviiy,  and  allow  fluids  to  enter  hy  the  atmospheric  pf» 

Bure.     The  canine  and  feline  races  employ  the  tongue  lo  lap  fluiili; 

the  giraffe  twines  this  organ  around  the  leaves  and  branches  of  UW. 

I 'and  detaches  them  with  force.     The  ant-eaters  have  a  remaitabh 

[  !long  tongue,  covered  wilh  a  slimy  secretion;  Ibis  they  protn)de,in 

upon  it  entrap  their  victims.     The  cameteon  among  reptiles,  udlkt 

►"'■woodpecker  among  birds,  have  each  a  tongue  enormously  devflf^ 

^for  the  purposes  of  prehension:  to  these  many  olher  striking eiU- 

■  pies  might  be  added. 

The   caviiy  of  the  moulh,  in  which  mastication  is  condaclfd.is 

bounded,  first,  hy  Ibe  palate  or  roof  of  ihe  mouth,  a  fixed  and  hinl 

I  surface  formed   by  parts  of  Ihe  upper  maxillary  and  palate  bonn 

'  supporiing  a  dense  fibrous  struclure,  lined  with  closely  adherenl  Wf 

_".Cous  membrane,  and  filled  lo  act  as  a  resisling  surface  against  whirt 

Pi  the  tongue  may  press  the  food  ;  and,  secondly,  by  the  cheeli,  lip*i 

'  and    longue,  which,  in    reference  lo   the  present  function,  wy  ^ 

;  classed  together  as  taclile  and  muscular  organs,  designed  to  A«i^ 

I .  the  food  while  subjected  within  Ihe  moulh  to  the  action  of  ihe  Inlli, 

J    and  then  to  forward  it  into  the  pharynx.     Projecting  into  the  moolii, 

II  above  and  below,  is  an  arched  series  of  teeth,  or  grinding  oi^mo. 
firmly  fixed  by  roots  into  the  alveoli  of  Ihe  upper  and  lower  raaiitlfiT 

•  bones.  Those  of  the  upper  jaw  are  immovable,  or  only  mo«Wt 
•  wilh  Ibe  entire  head  ;  but  those  of  Ihe  lower  jaw  are  capable  of  nf 
.  -viard,  downward,  backward,  forward,  and  lateral  motions,  byinO« 
>-  «f  the  muscles  of  mastication  acting  on  the  bone  in  which  lh<jW 
ilanted.  By  these  motions  of  the  lower  teeth  upon  Ibe  vppet,^ 
J.food  is  comminuted.  A  more  detailed  description  of  some  of  4* 
organs  of  mastication  may  now  be  given. 

The  cheeks  form  the  outer  wall  of  that  part  of  the  moOl!i « 
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side  the  teeth.  Like  the  lips  with  which  they  are  continuous, 
nsist  of  a  muscular  stratum  interposed  between  the  skin  and 
!0us  membrane  of  the  mouth.  They  admit  of  distention  and 
ssioD,  and  form  pouches  which  receive  portions  of  food  escap- 
ade the  teeth  during  mastication,  and  from  which  it  is  continu- 
irned  towards  the  inner  cavity,  to  be  submitted  to  the  grinding 
This  use  of  the  cheek  is  well  exemplified  in  cases  of  paralysis 
buccinator  muscle,  in  which  the  food  collects  in  the  flaccid  bag 
h  this  part  is  then  reduced. 

tongue  is  an  important  agent  of  mastication,  and  has  been  al- 
>oken  of  as  the  seat  of  taste  and  of  an  exquisite  sense  of  touch. 
je  of  the  latter  it  receives  accurate  impressions  of  the  tangible 
8  of  the  food,  and  of  its  situation  in  the  mouth ;  and  by  its 
lObility  it  is  constituted  the  main  instrument  by  which  the  food 
id  within  the  mouth,  so  as  to  be  effectually  brought  within  the 
f  the  masticating  organs.  The  tongue  rests  upon  the  hyoid 
\  which,  and  to  the  concavity  of  the  lower  jaw,  it  is  fixed  by 
icles.  It  lies  within  the  curve  of  the  teeth,  and  is  covered  on 
surface  with  mucous  membrane,  which  has  been  before  de- 
.  The  muscular  fibres  which  compose  this  organ  intersect  one 
in  an  intricate  manner  in  its  interior,  but  they  all  appear  to 
lUimately  at  its  dorsal  surface,  and  to  be  there  implanted,  in 
st8  or  bundles,  into  the  submucous  stratum  of  dense  areolar 
a  good  deal  of  fat  being  disseminated  throughout,  but  espe- 
I  the  intervals  between  the  muscular  bundles  at  their  insertion. 
er  to  works  on  descriptive  anatomy  for  the  anatomy  of  these 
u  By  their  action  the  upper  surface  of  the  tongue  may  be 
ODvex  or  hollow,  or  may  be  pressed  forcibly  against  the  roof 
mouth ;  the  tip  of  the  organ  may  be  protruded  or  moved  in 
ection,  and  to  any  recess  within  the  cavity  where  food  might 
ind  the  whole  organ  may  be  lowered  or  drawn  back.  These 
actions  are  so  performed  as  to  exemplify,  in  the  most  perfect 
)  the  concert  which  hasi  been  already  mentioned  to  occur  be- 
nany  muscular  and  sensitive  parts. 

he  Teeth. — These,  in  the  widest  acceptation  of  the  term,  and 
CDce  to  the  whole  animal  scale,  are  hard  organs  situated  on 
er  surface  of  the  digestive  tube,  fitted  for  comminuting  the 
evious  to  its  being  acted  on  by  the  gastric  juice.  In  the  higher 
they  are  of  an  osseous  nature  and  fixed  to  bone,  though  not 
Jy.  Among  the  invertebrata,  the  echini  are  remarkable  for 
Icareous  oral  teeth,  five  in  number.  The  mouth  of  the  leech 
td  with  three  serrated  teeth,  worked  by  muscles,  which  saw 
ly  into  the  skin.  In  some  insects  the  gizzard  is  armed  with 
complicated  system  of  horny  teeth.  In  the  stomach  of  the 
sa  is  a  cartilaginous  framework,  with  projecting  teeth,  moved 
eles,  and  capable  of  very  powerful  masticatory  actions.  Among 
teropods,  the  bulls  have  three  stomach  teeth  ;  and  others,  as 
lysia,  a  great  multitude,  of  large  size  and  of  different  forms. 
I  osseous  teeth  are  found  only  in  three  classes  of  vertebrata, 
ammalia,  reptiles,  and  fishes.     Some  of  thesci  however^  ace 
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without  them,  as,  among  mammaliEi,  the   American  anl-eatfr,  ibi 

[    manis,  the  echidna,  the  proper  shales  ;  among  reptiles,  the  lorloiMi,' 

I    and  the  sturgeon  among  fishes.     7'he  teeth  nf  fishes  are  fixed  U 

I   merely  lo  the  maxillary  bones,  but  also  to  the  palate  and  other  bona, 

I   bounding  the  moulh  and  throat,  and  they  are  often  extremely  Bum- 

rous.    The  hills  of  tortoises  and  birds  perform  some  oTlhe  fundioflfol 

teelh  ;  but  in  those  of  (he  latter  class  which  lire  on  bard  vrgetilili 

substances,  the  muscular  gizzard,  with  its  hard  cuticle,  and  bjibt 

help  of  small  angular  stones  which  the  instinct  of  the  animals  Ivicha 

j    them  to  swallow  with  the  food,  performs  the  functions  of  a  mislinnn 

apparatus.     Among  the  mammalia,  the  teeth  are  few  in  Dumber,  W 

limited  to  a  single  row  in  each  Jaw. 

Teeth  may  be  classed  according  lo  their  shape  and  the  fattSm 
they  have  to  perform.  Thus,  the  following  varieties  may  behiw^ 
enumerated  ; — The  culling  or  gnawing  leeih  of  the  rabbit  or  beirir, 
— the  front  teelh  of  man.  The  Lonical  teeth  of  fishes  for  seizibfui 
retaining  prey — the  canine  teeth  of  the  lion  and  dog.  The  hinte 
teeth  of  the  carnivora,  with  several  sharp  elevations  for  tearing-  1^ 
more  complex  crushing  teeth  of  the  insectirora,  and  of  the  frngirw- 
'  ous  monkeys.  Lastly,  the  true  grinding  teeth  of  granivoroos  aJ 
[    graminivorous  animals. 

Of  the  Hwman  Teeth. — The  teeth  in  the  adult  human  subject  iB 

Ihirty-two  in  number,  of  which  four  are  incisors,  two  caninra,  fw 

[   bicuspids,  and  six  large  molars,  in  each  jaw.     Those  of  the  oppff 

I  jaw  form  the  larger  arch,  so  as  to  overlap  Ihose  of  the  lower  ja»iii 

I    front,  and  to  overhang  them  somewhat  at  the  sides,  when  ibempnit 

I    is  closed.    Each  looih  has  a  crown  or  Aoify,  projecting  above  tht^o, 

I    and  a  roof,  buried  in  the  alveolus  or  socket;  and  the  division  bettfi 

these  is  marked  on  (he  surface  by  a  somewhat  constricted  hne ,  \mai 

the  Tifck.    Each  tooth  has  also  an  internal  cavity,  containing  a  TWfubr 

and  nervous  pulp,  and  which  is  open  only  towards  the  root.    Unlji 

each  tooih  consists  mainly  of  a  peculiar  modification  of  osseooi  iat> 

\    ture,  termed  dentine,  or  ivory,  which  is  coated  over  with  rBlcifWW 

I    enai/iel  on  the  crown,  and  with  a  thin  layer  of  true  bone  on  the  ro*. 

The  position  and  shape  of  the  several  varieties  of  the  humu  ttti 

are  as  follows  : — 

1.  The  incisors,  or  cutting  teeth,  are  situated  in  front,  (thoccofd* 

upper  jaw  being  the  larger,)  and  present  a  single  conical  root  otiiil' 

I    Bize,  and  a  vertical  crown,  bevelled  behind  so  as  io  terminilc '■■  > 

1    sharp  horizontal  edge.     These  teeth   are  fitted  for  cutting  (be  fii^'' 

I    In  herbivorous  animals  they  crop  the  herbage,  in  roclenU  tbef  tit 

.capable  of  gnawing  even  very  hard  substances. 

'        2.  The  canine  teeth  come  next  lo,  and  are  larger  than,  the  inci*f*. 

I   especially  the  root,  which  sinks  deeply  into  the  jaw,  and  rendmll* 

I   alveolar  arch  prominent  by  its  size.     This  root  is  conical,  snJ  lit 

I  -crown  more  conical  and  less  wedge-shaped  than  that  of  the  inciw*. 

f  being  usually  surmounted   with  a  small  pointed  tubercle  or  tVf, 

whence  they  are  termed  cuspidate.     In  consequence  of  the  sin*ll  s" 

of  the  lower  incisors,  the  lower  canines  are  nearer  together  iblB  iW 

upper,  and  fall  within  them  when  the  mouth  is  closed.     Tbest  mA 
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fe  the  canine,  feline,  and  other  carn.iyorous  tribes,  are  largely  deve- 
Bped,  and  more  decidedly  formed  for  lacerating  and  tearing  the  flesh 
If  prey. 

3.  The  bicuspids^  or  false  molars^  are  not  so  large  as  the  canines, 
■hich  they  succeed,  but  their  crown  presents  two  pyramidal  emi- 
lences,  as  their  name  implies,  and  there  is  a  tendency  in  their  root 
m  be  double;  this  part  being  marked  by  a  yertical  groove,  and  its 
Uex,  sometimes  bifid,  being  perforated  by  two  apertures  leading  to 
fee  interior. 

4.  The  true  molars ^  or  muUiaispidate  teeth,  are  placed  most  pos- 
hriorly,  and  are  distinguished  by  their  great  size,  the  square  form 
if  Aeir  crown,  surmounted  by  three,  four,  or  five  cusps«  a  distinct 
ieek,  and  by  their  shorter,  but  more  divided  root,  which  presents 
bom  two  to  five  branches,  the  inner  the  more  divergent,  and  each 

e rated  at  its  apex.  The  hindermost  of  these  are  the  wisdom 
The  false,  and  especially  the  true,  molars  are  admirably 
idapted  for  grinding  and  pounding  the  food,  under  the  influence  of 
jfcoie  powerful  muscles  by  which  the  lower  jaw  is  moved  in  a  lateral 
Ibection  while  being  forced  against  the  upper.  Though  the  least 
pie  of  the  human  teeth,  these  grinders  are  greatly  surpassed  in 
plexity  of  form  and  structure  by  the  corresponding  teeth  of  herbi- 
vorous animals,  such  as  the  ox,  the  horse,  and  the  elephant. 

The  intemal  structure  of  the  teethy  like  that  of  bone,  has  been 
Boch  illustrated  by  those  modern  microscopic  investigations,  which 
ksre  introduced  a  new  era  in  the  sciences  of  anatomy  and  physi- 
dogj.  The  researches  on  this  subject,  opened  by  Purkinje,  Fraenkel, 
noRetzius,  and  subsequently  pursued  with  more  or  less  originality 
Mid  extent  by  Muller,  Schwann,  Tomes,  Nasmyth,  and  especially  by 
Rrofetaor  Owen,  have  confirmed  the  almost  forgotten  discoveries  of 
Leenwenhoek,  and  brought  the  whole  subject  of  dental  structure  and 
Arrelopment  into  clear  and  consistent  light.  We  shall  now  give  a 
dbort  summary  of  the  facts  as  they  have  appeared  to  our  own  minds, 
■od  refer,  once  for  all,  to  the  works  quoted  at  the  end  of  the  present 
diapter,  for  information,  as  to  the  share  each  inquirer  has  had  in  the 
general  and  very  satisfactory  result. 

The  three  constituent  substances,  dentine  or  ivory,  enamel,  and 
loofh-bone  or  erusta  petrosa,  are  found  in  all  the  higher  and  more 
petfect  forms  of  teeth ;  and  their  several  conditions  in  the  range  of 
animals  have  been  greatly  instrumental  in  leading  to  our  present 
knowledge  of  them  in  the  human  teeth :  our  design,  however,  will 
allow  us  to  speak  of  their  character  in  the  latter  only,  except  in  the 
WM  of  illustration. 

Taking  a  simple  tooth  as  an  example,  (fig.  149,)  we  find  the  great 
bnlk  to  consist  of  dentine^  a  term  used  by  Mr.  Owen  to  distinguish 
diia  substance  from  the  rest,  in  preference  to  that  of  ivory  or  tooth- 
•nbstance.  The  dentine  gives  the  general  form,  size,  and  hardness 
to  the  tooth,  both  root  and  crown,  and  in  its  central  part  is  the  cavity 
containing  the  papillary  substance  or  pulp,  supplying  the  vessels  and 
nerves  of  the  organ. 

Dentine  is  manifestly  a  modification  of  the  osseous  tissue.     Like 
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bone,  it  may  be  seen   in  favorable   specimens  ta  \ 

,  granulated  ulliuiatc  texture,  and,  like  bone,  it  is  perforated  by  i 

'  series  of  minute  channels,  opening  on  the  one  hand  on  a  TaKnln 

surface,  (that  of  tlie  pulp-cavity,  which  corresponds  with  the  ^ar(^ 

aian  surface  of  bone:  p.  110,)  and  on  the  other  sparingly brtne^ 

ing,  so  as  to  permeate  every  portion  of  Ihe  tissue.     The  prculnritf 

of  dentine  consists  chiefly  in  these  internal  channels  of  nuiiittm; 

and,  as  we  have  before  shown  the  Haversian  canals  ind  systriu 

of  lamella;  in  bone  to  be  arranged  in  constant  subservience  to  ik- 

chanical  ends,  so  the  corresponding  parts  in  dentine,  and  «special!i 

those  parts  which  answer  to  the  lacunx  tai 

^'a- '■''■'■  canaliculi  of  bone,  appear  to  derive  tbtii 

peculiar  characters  from  the  mechanical  ui- 

gences  of  the  case.     The  tooth  faaviug  tl 

sustain  rude  pressure  on  its  crown,  chitflj 

in  a   vertical   direction,  great   densiij  isii 

compactness  are  requisite  in  its  main  roe- 

stiiueni,  and   its  internal  vascular  surfui, 

which  is  small  in  proportion  to  the  tnasi  «' 

dentine,  is  centrally  placed,  and  receive!  iH 

vessels  and  nerves  at  the  deepest  point,  mat 

remote  from  injury.     As  the  vascnlar  sa- 

face  is  small,  and  therefore  at  a  great  di^ 

tance  from  a  large  proportion  of  the  liaat, 

the  intersliiial  channels  of  the  dcolioe  in 

capacious,  especially  towards  Ihe  rasculK 

surface,  and  comparatively  direct  in  their 

course  from  it;  and,  instead  of  commeacaiig 

minute   as  the  canaliculi  of  bone  do,  ai 

dilating  al  intervals,  after  a   tortuous  ni 

irregular  route,  into  hollow  chambers,  tibt 

the  lacuns  of  that  texture,  they  are  widest 

at  their  commencement  in  the  pulp-cant;, 

retain   throughout  the  simple  tubular  cbi- 

racter,  and  are  provided,  for  the  most  part, 

with  proper  wails,  so  that  each  tubule  m*/ 

be  regarded  as  a  hollow  rod,  the  sifo  of 

I  vbich  is  of  a  harder  and  compacter  nature  than  the  iDteTtubuI<tr 

I  substance  through  which  it  runs. 

The  direction  taken  by  the  lubes  is  furtherinteresting;  for  notonlj 
t  do  they  radiate  on  all  sides  from  Ihe  vascular  surface,  as  being  tbt 
conduits  of  nutrition  to  the  dentine,  but  they  ihus  confer  on  every  p»rt 
of  the  tooth  a  greater  power  of  resistance  in  an  inward  direclion  ffon 
the  surface  towards  the  centre,  a  power  increased  by  Ihe  cyliorlocil 
shape  of  the  pulp-cavity,  and  its  tendency  to  an  arched  figure  tnvanli 
the  crown.  But  it  would  appear  thai  the  beauty  of  the  mechxiueil 
contrivance  does  not  stop  even  here,  for  it  has  been  observed  ibit 
Ihe  tubes  in  many  parts  are  doubly  waved,  like  the  Italicy,  and  list 
within  these  primary  curves  are  comprised  very  numerous  secondly 
meanderings  ;  from  which,  as  those  of  contiguous  tubes  have  a  latml 


a 
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eoirespoadence,  a  certain  elasticity,  and  a  greater  capacity  of  resisting 
externa]  force,  must  accrue.  The  tubuli  of  the  dentine  now  described, 
branch  a  few  times  dicholomously,  and  the  branches  retain  for  some 
distance  the  diameter  of  the  trunk,  this  multiplication  of  their  num- 
ber enabling  them  to  occupy  the  spaces  which  would  be  left  by  the 
ndiation  of  unbranched  tubes  from  a  common  centre.  The  tubuli  are 
in  some  parts  about  their  own  width  asunder,  in  others  they  ran  in 


mutaal  contact;  and  their  compact  proper  wall  is  about  as  thick  as 
their  cavity  is  wide.  Except  near  the  pulp-cavily,  they  are,  as  it 
were,  hairy  with  filamentary  canaliculi,  which  diverge  on  alt  sides, 
ud  form  innumerable  junctions  with  one  another;  so  that  the  tubuli, 
tbrooghout  most  of  the  dentine,  may  be  said  to  communicate  with 
each  other  independently  of  the  pulp-cavity,  into  which  they  all  open. 
Towards  the  outer  surface  of  the  dentine,  where  it  is  incrusted  on  the 
crovn  with  enamel  and  on  the  root  with  bone,  the  tubuli  gradually 
taper,  and  finally  terminate  in  diminutive  canals,  which  open,  some  into 
nnall,  irregular  lacunae  (forming  a  layer  on  the  root,  termed  by  Mr. 
Tomes  the  granular  layer),  some  into  the  lacunae  of  the  osseous  in- 
Testment  of  the  fang,  and  others  upon  the  surface  on  which  the  ena- 
mel rests.  Occasionally  the  tubuli  are  dilated  into  true  lacun»,  or 
form  free  arches  of  communication. 

The  following  facts  illustrate  the  foregoing  account  of  the  structure 
of  dentine.     The  granularity  of  the  ultimate  tissue  may  be  best  seen 
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in  specimens  in  course  of  development.  On  the  snrface  of  tlie  pdp> 
cavity  the  orifices  of  the  lubuli  can  be  seen;  and  in  transvers*»»- 
tions  of  the  lubuli,"  (fig.  161,)  their  propo 
walls,  the  widib  of  (heir  walls  and  calibre, 
and  their  distance  apart,  are  all  disceroibie. 
In  broken  fragments,  especially  if  lorn  afitr 
the  tooth  has  been  so^ened  io  acid,  tht  lu> 
bill  may  be  observed  to  stand  out  from  ibf 
surface,  being  broken  off  at  different  lengthi, 
as  if  their  structure  was  distinct  from  'ii! 
intertubular  tissue.  Their  hollownesi  ii 
proved  by  the  chasing  of  bubbles  aljo^ 
them,  visible  under  the  microscope  whw 
turpentine  is  added  to  a  dry  seclioo,  ud 
also  by  the  gas  which  may  be  seen  to  bt 
disengaged  in  hubbies,  chiefly  from  tbcb 
interior,  when  a  section  is  similarly  treitej 
with  acid.  The  latter  experiment  seen 
also  to  show  that  the  parieles  of  the  tolnE 
contain  a  denser  deposit  of  earthy  niRltar, 
and  are  consequently  harder  and  mote  f^ 
sisling  than  the  intertubular  tissue.  VTe 
do  not  regard  the  tubuli  as  filled  iip  ^ 
solid  contents,  but  as  possessing  a  tnij 
hollow  bore,  designed  to  give  passage  to 
fluids. 

The  enamel,  investing  the  crown  of  the  tooth,  and  forming  that  p»rt 
which  is  exposed  in  the  mouth  to  the  contact  of  external  subslanui, 
is  harder  and  compacter  than  the  dentine,  and  of  peculiar  structure, 
although  formed,  as  will  be  afterwards  shown,  on  the  same  geaenl 
plan  as  the  other  portions  of  organized  bodies.  As  its  earthy  COO- 
stituents  are  in  much  larger  proportion  than  in  the  dentine,  {forthfj 
make  up  98  instead  of  72  out  of  100  parts,  according  to  Berzelius,) 
Ihe  enamel  requires  much  less  nutrient  change,  and  its  intenttlial 
passages  are  very  minute. 

The  enamel  {fig.  150,  a,  and  fig.  152)  consists  of  a  congeries  of 
hexagonal  rods,  placed  endwise  side  by  side,  so  as  to  form  a  Uyw. 
of  which  the  surfaces  are  formed  by  the  ends  of  the  rods,  and  the 
thickness  is  determined  by  their  length.  The  deep  surface  rests  on 
the  dentine,  which  presents  a  number  of  minute  depressions  for  the 
reception  of  the  deep  ends  of  the  vertical  rods,  a  number  of  whifi 
rest  in  each  ;  and  the  superficial  surface,  though  said  to  be  at  fint 
coated  with  a  thin  film  of  osseous  tissue,  is  afterwards  rendered  bate 
by  the  earliest  movements  of  attrition  in  masticating  the  food,  ind 
then  becomes  the  free  surface  of  the  crown  of  the  tooth.  The  rodi 
of  enamel  are  about  jj^'n^'h  of  an  inch  in  diameter,  and  they  partue 
a  more  or  less  meandering  course,  which  must  augment  their  po»« 

s  these  and  oilier  objes 
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^  extenial  force.  It  is  erident  that  their  vertical  position 
adapts  them  to  sustain  pressure,  and  withstand  the  effects 
rected  upon  the  surface  of  the  tooth  ;  while,  at  the  same 
nterslices  or  chinks  intervening  between  them,  principally 
igles  of  juxtaposition,  are  arranged  in  the  most  suitable 
'  permeation  by  the  fluids  derived  from  the  subjacent  den- 
tinal tubuli.  These  tubuli, 
Pig.  I5»-  indeed,  mav  be  seen  to  com- 

municate directly  with  the  in- 
terstitial passages  of  the  ena- 
mel. The  enamel  rods  are 
further  marked,  at  pretty  close 
and  regular  intervals,  by  cross 
lines,  which,  however,  are  far 
from  constant,  and  of  doubtful 
nature :  some  suppose  them 
explained  by  the  process  of 
development.  The  enamel 
rods  are  connected  together  by 
some  remnant  of  the  original 
organic  matrix  in  which  their 
)dui^Bi^"Fi^  R^'i'^iu.  earthy  portion  was  at  first  de- 

posited, and  which  is  repre- 
Ihe  dark  lines  or  chinks  which  appear  to  bound  and  isolate 
As  the  rods  are  placed  vertically  on  the  surface  of  the 
-hich  is  not  an  even  one,  they  are  not  everywhere  parallel, 
I  length,  but  are  truncated  where  they  abut  against  each 
a  hollow,  and  in  such  parts  are  most  liable  to  decay.  In 
I,  however,  near  the  dentine  their  vertical  position  seems 
;  they  are  curiously  contorted,  and  neighboring  series  of 
rariously  inclined,  so  as  to  lean  against  one  another,  while 
rods  nearer  the  surface  assume  an  upright  and  parallel 
fhe  enamel  on  a  vertical  sectinn  further  shows  dark  mark- 
ng  obliquely  across  the  fibres  (fig.  150,  a),  and  not  well 
I,  and  also  larger  cracksor  fissures  (fig.  149],  often  branched, 
rough  a  part  or  the  whole  of  its  thickness.  As  Mr.  Owen 
d  out,  the  enamel  is  the  least  constant  of  the  denial  tissues, 
^nt  in  many  fishes,  in  existing  ophidian  reptiles,  and  in  the 
nd  many  cetacean  mammalia. 

fh'bont  or  ctmenl  is  disposed  as  a  permanent  thin  layer  of 
aue  on  the  roots  of  the  teelh,  and  it  also  invests  the  enamel 
icate  film  on  ibe  first  emergence  of  the  tooih  from  the  gum. 
It  it  is  thickest  towards  the  apex,  and  often  lines  the  pulp- 
the  dentine  for*a  little  way  in.  It  contains  sparingly  the 
id  canaliculi  which  characterize  bone;  and,  when  thick 
presents  also  the  lamella  of  that  structure.  In  general  it 
small  a  quantity  to  require  special  Haversian  canals;  but 
9  has  shown,  that,  between  the  roots  of  the  larger  human 
tooth-bone  is  often  in  sufficient  mass  to  be  penetrated  by  r 
of  that  nature  ;  and,  in  the  teeth  of  many  animals,  (he  ee- 
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ment  is  as  vascular  as  ordinary  bone.  The  caaaliculi  of  the  too 
bone  are,  far  (he  most  part,  directed  from  ibe  lacuna;  towards  the  w 
face,  where  ihe  vessels  are  spread  oul,  but  a  few  communicale  »i4 
the  peripheral  branches  of  the  tybuli  of  llie  tJenline.  It  is  ibrou^ 
this  osseous  inyestraent  of  the  roots  that  the  teeth  adhere  so  firralj  to 
the  sockets  in  which  ihey  are  implanted. 

The  cavity  of  the  teeth,  containing  the  pulp,  is  in  the  fully  (otrnti 
tooth  the  analog;ue  of  the  Haversian  canal  of  bone,  by  which  ihf  or- 
gans of  nutrition  and  sensation  find  access  to  the  internal  siirfaft. 
The  blood-vessels  of  the  pulp  are  branches  of  (he  internal  maxilliry, 
and  the  nerves  of  the  fifth  pair,  and  they  are  holh  extremely  abomlnl, 
in  proportion  to  the  extent  of  surface  with  which  Ihey  are  in  rrlalion. 
The  capacious  capillaries  form  numerous  arches,  and  the  nerves  likt- 
wise  end  in  loops,  (p.  204,)  which  are  best  seen  in  Ihe  young  looii 
The  while  substance  of  the  nerve-fibres  has  seemed  to  us  lo  be  often 
diminished  or  lost  towards  Ihe  convexity  of  the  loops. 

The  alveoli,  or  sockets  in  which  the  teeth  are  set,  are  cavilietio 
the  border  of  the  jaws,  corresponding  in  shape  and  direclioo  lodie 
roots  of  the  teeth,  formed  on  the  outer  and  ihe  inner  side  by  a  fira, 
compact  plate  of  bone,  which  bounds  ihe  alveolar  arch  in  froni  »nJ 
behind,  and  separated  from  one  another  by  septa  of  less  compact  tat- 
terial.  The  surface  of  these  cavilies  is  spongy,  being  perforateil  b] 
minute  vessels,  which  pass  across  to  Ihe  surface  of  Ihe  roots  of  Ibe 
teelh,  and  which  there  form  a  plexus  in  Ihe  substance  of  a  firm  elistic 
tissue,  which  is  ihe  connecting  medium  between  ihe  socket  and  th» 
root,  and  is  usually  regarded  as  a  periosteum.  Thus  Ihe  surface  o[ 
the  root  is  supplied  with  blond,  and  the  tooth  is  united  tn  ibe  jaw  io 
a  way  which  allows  it  lo  yield  very  slightly  under  pressure. 

The  alveolar  arch  is  covered  on  Ihe  outside  by  ihe  guim,  a  dense, 
elastic,  peculiar  tissue,  adapted  to  sustain  without  injury  the  forcible 
contact  of  the  hard  portions  of  food,  to  which  its  vicinity  lo  Ihe  grind- 
ing organs  must  expose  it. 

The  development  of  the  teelh  may  be  described  under  two  heads; 
first,  that  of  the  elementary  tissues  of  the  toolh,  the  dentine,  the  ena- 
mel, and  Ihe  true  bone ;  secondly,  that  of  the  dental  series,  irbich 
will  include  the  order  of  appearance  of  ihe  teeth  of  the  temporir/intl 
permanent  sets. 

According  to  the  most  recent  investigations  of  Arnold  and  Goo<l- 
sir,  the  teeth  are  developments  from  the  mucous  membrane  coining 
Ihe  dental  arches,  and  not  from  the  maxillary  bones.  They,  Ihere- 
fore,  would  seem  lo  correspond  wiih  Ihe  Icgumentary  appendages.*^ 
animals,  such  as  horns,  nails,  feathers,  and  not  to  be  a  portion  of  the 
true  osseous  system,  or  endo-skelelon  of  ihe  vertebrata.  The  bills*>( 
birds  are  an  obvious  intermediale  condition  of  the  integuiaeot  of  liic 
jaws. 

The  teelh  may  be  regarded  as  formed  in  Ihe  following  manner. 
The  first  indication  observed  (according  to  the  excellent  nbservaiioai 
of  Mr.  Goodsir,  which  we  have,  in  most  particulars,  had  an  oppor- 
tunity of  verifying)  is  a  groove  at  the  border  of  (he  palate  in  ibe 
situation   of  the  future  teelh,   which  be  terms  the  primitiDe  iknt'i 
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roove,  and  which  is  apparent  in  the  fetus  of  sir  weeks  old.  At  the 
ittom  of  this  groove  there  appear  certain  fine  papilliB,  which  in- 
"ease  in  size,  and  gradually  assume  the  shape  of  the  crowns  of  the 
itnre  teeth,  having  the  edge  end  cusps  which  are  eventually  to  dis- 
aguish  them.  As  the  papills  grow,  the  groove  is  converted  into 
•Ineles  for  their  reception,  by  the  growth  of  septa  between  its  bor- 
ers, that  is,  between  the  outer  and  inner  alveolar  processes,  which 
ion  be^n  to  be  ossified  within  the  walls  of  the  groove.  Thus  the 
illicles  become  alveoli  lined  by  the  periosteum  of  the  jaw,  sach  as  it 
1  mt  this  early  period,  and  lodging  a  process  of  the  macous  mem- 
noe  of  the  gum,  from  the  bottom  of  which  springs  up  the  papilla 
r  germ  of  the  futnrc  tooth.  The  summit  of  the  papilla  is  at  first 
inble  in  the  mouth  of  the  follicle;  but  ere  it  has  assumed  the  figure 
f  the  tooth,  the  margins  of  the  orifice  enlarge  and  lap  over,  and 
Bally  meet  and  unite,  so  as  to  form  a  lid  or  operculum  to  the  now 
losed  cavity.  Thus  the  epithelium  of  the  lining  membrane  of  the 
loath  may  be  shown  to  form  the  lining  of  the  follicle,  and  to  be  re- 
ected  thence  over  the  surface  of  the  papilla. 

Now,  the  tooth  papilla  must  be  regarded  as  homologous  with,  or 
Qswering  to,  the  tactile  and  hair  papills  of  the  slnn,  already  described 
t  a  former  page ;  and  it  would,  therefore,  be  expected  that  its  main 
art  would  consist  of  a  peculiar  sub.mucoQs  tissue,  covered  by  a  bo- 
logeneons  basement  membrane,  and  surmounted  by  a  tissue  answer- 
ig  to  the  epithelium  ;  and  this  seems  actually  the  case.  The  aub- 
tance  of  the  papilla  is  at  first  a  congeries 
f  granular  nuclei,  dispersed  irregularly 
irongh  a  firm  homogeneous  sub-granu- 
ir  matrix,  or  blastema,  in  which  ves- 
elt  and  nerves  are  by  degrees  deve- 
iped.  This  is  bounded  by  a  definite 
losparent  membrane,  on  which  rests  a 
eflection  of  the  epithelium  lining  the 
■e,  modified  in  structure,  so  as  to  pre- 
ent  a  series  of  columnar  nucleated  par- 
ieles,  the  matrix  of  the  future  enamel, 
t  would  appear  that  the  lining  and  re- 
jected layers  of  the  epithelium  become 
ilended  together,  and  constitute  but 
ne,  which  is  more  adherent  to  the  sac 
IwD  to  the  papilla,  so  that  on  opening 
be  sac  its  wall  generally  seems  to  be 
.mttached  to  the  surface  of  the  papilla, 
nd  the  latter  to  be  limited  by  what  we 
lire  regarded  as  the  basement  mem- 
>Ttne.  Or,  it  may  be  that  the  epithelium 
eflecled  over  the  papilla  disappears,  '".'^^I'^^iSf  V^Xifan.  hcd  tui- 
eaving  only  that  which  lines  the  sac.        "^n,  ,  hnmin  fsiiu  or  xnnt  in 

Between    the    columnar    epithelium    manihi.  HigniGedauodfun. 
bns  lining  (be  sac,  and  the  surface  of 
be  alveolar  cavity,  that  is,  apparently  in  the  wall  of  the  sac  itself,  is 
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now  found  a  thick,  semi-transparent,  pulpy  tissue,  which  has  ft 
termed  the  enamel-pulp.  It  presents  towards  the  pulp  of  the  lowli 
(dentinal  pulp)  a  series  of  elevations  and  depressions,  precisci]' ibr 
reverse  of  those  of  the  dentinal  pulp  on  which  they  rest,  and  antvK- 
ing  mutually  to  these,  wiih  only  the  columnar  epithelium  inlerrenio|. 
The  structure  of  this  thick  pulpy  tissue  is  very  beauliful  and  p«i- 
liar,  as  is  seen  in  (he  annexed  woodcut  (fig.  153,  a,  a).  It  catMti 
of  a  mesh  of  short  fihres,  meeting  in  numberless  points,  and  at  (idl 
point  of  junction  a  transparent  clear  nucleus  is  visible. 

It  is  elastic,  spongy,  loaded  with  fluid  albumen,  but  destitute  iif 
vessels,  and  it  seems  perfectly  distinct  from  that  columnar  structBi* 
which  appears  to  be  afterwards  converted  into  the  enamel. 

In  a  verlical  section  of  these  parts,  (he  enamel-pulp  is  seen  coreral 
with  columnar  epithelium,  the  ertamel-malrix  (fig  153,  a,  c,  b),oii 
the  surface  towards  ihe  dentinal  or  looih-pulp  ;  while,  on  the  oppo- 
site surface,  the  blood-vessels  of  the  membrane  lining  the  alrtolui 
are  seen  coming  up  to,  and  forming  loops  immediately  under,  tht 
enamel-pulp,  without  penetrating  it.  It  is  further  remarkable,  tlui 
short  tubes,  filled  with  glandular  epithelium,  descend  among  thnt 
vessels  from  the  enamel-pulp,  and  end  by  blind  extremities.  Hn» 
these  tubes,  which  are  evidently  glandular,  can  discharge  their  con- 
tents, it  is  difficult  to  understand,  seeing  they  appear  to  open  inloAc 
substance  of  the  enamel-pulp  :  but  their  presence  and  precise  flta- 
tion  we  have  ascertained  to  be  as  we  have  described  ihera  in  ik 
molar  teeth  of  the  nine  months,  human  fictus. 

It  is  not  impossible  that  the  enaroeUpulp  may  perform  the  mechui- 
cal  office  of  protecting  the  soft  and  growing  tooth  from  pressurnfr 
rected  on  the  gum,  and  of  providing  a  space  in  which  developawil 
may  advance  without  restraint. 

The  next  stage  is  that  of  ossification,  and  the  earthy  matter  iiGnt 
deposited  in  the  homogeneous  membrane  forming  Ihe  surface  of  iht 
dentinal  pulp.  The  most  prominent  portions  of  the  crown  tretht 
first  to  harden;  and  the  ossification  proceeds  inwards  by  the  gnJuil 
conversion  of  the  pulp  into  the  dentine,  or  ivory.  The  nucleatnl 
particles  of  the  pulp  nearest  the  ossifying  surface  are  found  arrtnging 
themselves  in  series  vertical  lo  that  surface  ;  and  it  appears,  tbU,  in 
order  to  form  these  verlical  series,  they  multiply  by  transverse  divi- 
sion, much  as  those  of  bone  cartilage  are  found  to  do.  Thenrlbj 
matters  are  then  deposited  in  the  indistinct  cells  surrounding  the 
nuclei,  so  as  to  form  the  hard  and  dense  walls  of  the  dentinal  mbo, 
as  well  as  in  the  intercellular  substance,  so  as  lo  form  the  intertubuUr 
tissue  of  the  perfect  tooth.  The  cells  unite  endwise,  and  their  nuelfi 
elongate  and  coalesce  in  a  manner  to  constitute  the  cavities  of  lb« 
tubes,  and  so  as  often  lo  retain  indications  of  this  mode  of  origin  in 
their  permanent  form.  In  all  these  processes  a  striking  similantjo 
those  noticed  in  the  ossification  of  ordinary  bone  is  to  be  traced.  lo 
proportion  as  the  ossification  proceeds  inwards,  so  as  to  occupj  lt< 
substance  of  the  dentinal  pulp,  the  vessels  and  nerves  which  W 
been  developed  in  that  structure  recede,  and  finally  coi 
the  cavity  which  remains  in  Ihe  interior  of  the  toolh  aflei 
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s  been  completed.  The  chief  vascularity  of  the  pulp  is  uni- 
)uud  near  the  ossifying  surface,  whence  it  is  evident  that  the 
materials  are  supplied  from  that  source.  In  the  teeth  of  some 
in  which  the  dentine  is  penetrated  by  many  subordinate  off- 
1  the  central  cavity,  containing  blood-vessels,  these  passages 
m  the  progress  of  development,  just  as  has  been  above  de- 
been  already  said  that  the  reflexion  of  the  original  mucous 
Qe  of  the  follicle  on  t^  the  papilla  takes  place  at  a  line  corre* 
;  nearly  to  the  neck  of  the  future  tooth,  and  that  the  original 
nswers  to  the  crown  or  body  of  the  tooth,  and  not  to  the  root, 
er  is  a  subsequent  formation,  and  is  laid  down  gradually  after 
I  amount  of  ossification  has  already  taken  place  in  the  crown, 
r  the  enamel  has  been  calcified.  It  is  formed  and  ossified  by 
iS  precisely  similar  to  that  of  the  dentine  of  the  crown,  only 
protracted  one,  and  during  which  the  tooth  is  raised  out  of 
ind  bursts  the  containing  gum.  The  lengthening  of  the  fang 
ig  its  ossification  resembles  closely  that  occurring  at  the  junc- 
tne  shaft  with  the  epiphyses  of  the  long  bones  during  their 
ment  (p.  123). 

calcification  of  the  enamel  commences  on  the  surface  of  the 
in  contact  with  that  primary  osseous  sheet  formed  from  the 
it  membrane  of  the  dentinal  pulp.  On  this  primary  layer  are 
shallow  cups,  closely  ap;gregated,  answering  to  the  ends  of 
nel  columns,  and  receiving  them  in  a  firmly  cemented  union, 
consolidation  of  the  elementary  cells  proceeds.  The  enamel 
I  at  a  very  early  stage  seem  to  consist  only  of  a  single  series 
sated  particles,  intervening  between  the  dentine  and  the  ena- 
p;  but  subseouently  others  are  added  on  the  surface  towards 
nel-pulp.  Those  of  the  new  row  arrange  themselves  endwise 
ithers,  which  they  resemble  in  all  respects,  so  that  the  enamel 
ts  proper  thickness  rather  by  the  superposition  of  particle  on 
successively  deposited,  and  by  the  subsequent  calcification 
in  its  turn,  than  by  the  development  of  its  parts  by  an  inter- 
icrease ;  and  thus  it  app^^  to  difler  from  the  dentinal  pulp, 
«semble  the  epithelium,  to  which  it  is  allied. 
Tom  that  surface  of  the  enamel-pulp  which  looks  towards  the 
lat  this  successive  development  of  new  enamel  columns  pro- 
as they  form,  this  tissue  wastes;  but  it  is  not  probable  that 
» is  converted  into  the  columns,  as  the  dentinal  pulp  is  con- 
into  dentine,  because  the  anatomical  characters  of  the  pulp 
issimilar  from  those  of  the  columns.  When  first  calcified,  the 
rods  are  loosely  aggregated,  and  easily  separate  from  one  jin- 
nder  pressure ;  but  they  gradually  become  so  firmly  consoli- 
j  the  advance  of  the  calcifying  process  in  their  interstices,  as 
e  the  finished  enamel  the  most  hard  and  indestructible  of  all 
lucts  of  organization. 

development  of  the  layer  containing  the  ordinary  lacunae  of 
id  which,  in  the  human  teeth,  covers  the  fang,  and  iscontinued 
iiay  within  the  cavity  of  the  root,  does  not  seem  to  have  been 
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SO  accurately  sludied  as  that  of  the  dentine  and  enamel.  ButtSuB 
the  less  important,  as  it  is  in  all  probability  essentially  similar  tu  'W 
of  bone,  which  is  now  pretty  well  understood.  There  can  bt  lit!l( 
doubt  that  a  membranous  matrix,  probably  like  that  of  the  cfiniil 
bones,  is  laid  down  as  the  fang  is  developed,  in  which  the  ususi  trfi 
of  ossification  proceed,  the  lacuna  and  their  canaliculi  being,  innm 
opinion,  formed  from  the  corpuscles  of  the  temporary  matrii.  Mi. 
Nasmyth  has  described  a  prolongation  of  this  layer  over  the  enlire 
crown  of  the  tooth,  outside  the  enamel.  To  understand  the  fonuitim 
of  such  a  layer,  we  must  suppose  it  laid  down  in  a  matrix  coni in uom 
with  that  which  invests  the  fang,  passing  over  the  crown  belwceotbi 
penamel-pulp  and  the  wall  of  the  sac  inclusive  of  the  lids.  The  cnA 
kjietrosa  in  the  fissures  between  the  enamel  of  tlie  compound  grinildi 
""if  herbivorous  animals  must  certainly  be  formed  in  this  way. 

When  the  ossification  of  the  dentine  is  so  far  advanced  Ihaltlrt 

tooth  can  sustain  with  impunity  the  pressure  to  which  it  is  desliBrt, 

and  when  the  enamel  is  densely  calcftied,  the  erii/>^t>ejt'^  ocean, 

in  which  the  tooth  makes  its  way  through  the  gum.     This  is  dae  It 

the  same  laws  of  development  which  govern  the  form  and  posilioa 

of  other  organs.     The  gum  over  the  sac  is  absorbed,  and  the  Cfon 

of  the  tooth  is  forced  upwards  against  it,  chiefly  by  the  incmnng 

'size  of  the  fang  below. 

I*     It  may  be  stated,  once  for  all,  that,  as  the  development  of  the  tM(k 

|''I»roceeds,  so  does  Ihat  of  the  alveoli,  or  the  bony  sockets  in  wbidi 

[j'tbey  are  lodged  ;  and  that,  by  the  time  the  teeth  break  throagh  lilt 

L^'gums,  their  walls  are  sufficiently  strong,  and  embrace  the  necks  of 

l*Uie  teeth  with  firmness  enough  to  furnish  a  solid  basis  of  suppotl. 

'  Their  vascular  canals  are  developed,  and  especially  those  which  cen- 

Tey  to  each  tooth  its  interior  supply  of  vessels  and  nerves.    TV 

gums  and  alveoli  are  likewise  provided  with  vessels  which  pis j  thai 

'  part  in  the  development  and  subsequent  nutrition  of  (he  organs.  Tit 

'  nerves  of  the  teeth  are  derived  from  the  second  and  third  divisMJ 

'  of  the  fifth  pair. 

0/  the  First  and  Second  Dentitions. — As  teeth  are  required  befort 

'  the  jaw-bones  have  attained  their  full  growth,  and  yet  are  organs  id- 

capable  of  enlarging  pari  passu  with  those  bones,  the  young  child  Ji 

"provided  with  a  (emporary  jc(,  commonly  known  as  the  milk-tMth, 

adapted  to  the  size  and  form  of  its  alveolar  arches,  and  to  thenWuw 

of  the  food  consumed  in  early  life.     This  set  consists  of  twenty  teeth 

—four  incisors,  two  canines,  and  four  molars  in  each  jaw.    They  »f* 

formed  in  the  manner  already  described:  the  papillx  of  the  anteriat 

molars  appearing  first — between  the  sixth  and  seventh  week  of  iiel»l 

existence,  according  to  Mr.  Goodstr — followed  by  those  of  the  canine, 

incisors,  and  posterior  molars,  about  the  eighth,   ninth,  and  lenlb 

-weeks  respectively.      About  the  fourth  month  all  these  are  in  tlwii 

'  saccular  stage,  the  mouth  of  the  follicles  having  closed  ;  and  ihrre 

L  then  appear  behind  the  opercula,  or  lids  of  the  follicles,  small  cit^- 

''■*entic  depressions  of  the  mucous  membrane,  soon  becoming  closed 

cavities,  called  by  the  last-named  author  "  cavities  of  rtservt,  to  fil^ 

nish  delicate  mucous  membrane  for  the  future  formation  of  the  pnlp* 


FIRST  AND  SECOND  DENTITION.  637 

sacs  of  the  ten  anterior  permanent  teeth"  in  each  jaw.  For  two 
liree  weeks  longer  the  primitive  dental  groove  behind  the  posterior 
z  molar  is  furnishing  the  papilla  of  the  first  permanent  true  molar; 
f  as  this  becomes  gradually  in  its  turn  enclosed  in  a  sac,  a  cavity 
lucous  membrane  is  said,  by  Mr.  Goodsir,  to  be  left  unobliterated 
reen  its  sac  and  the  surface  of  the  gum,  which  is  the  '^  cavity  of 
ire"  from  which  the  development,  first  of  the  second  true  molar, 
f  secondly,  of  the  third  or  wisdom  tooth,  is  afterwards  to  proceed. 
lie  temporary  teeth  usually  make  their  way  through  the  gum  as 
»W8,  those  of  the  lower  jaw  taking  precedence:  the  four  central 
lors  about  the  seventh  month  after  birth  ;  the  four  lateral  incisors 
I  the  seventh  to  the  tenth ;  the  anterior  molars  from  the  twelfth  to 
fourteenth ;  the  canines  from  the  fourteenth  to  the  twentieth  ;  and 
posterior  molars  from  the  eighteenth  to  the  thirty-sixth  month. 
I  whole  period  is  called  that  of  the  first  dentition,  and  is  of 
it  importance  to  the  child,  from  the  various  sympathetic  morbid 
!8  which  universal  experience  attributes  to  the  process  of  cutting 
teeth ;"  but  it  would  be  beside  our  purpose  to  dilate  in  this  place 
lo  interesting  and  prolific  a  theme.  It  may  sufiice  to  say,  that,  in 
opinion,  the  practice  of  lancing  the  gum  over  an  advancing  tooth 
len  unnecessarily  and  prematurely  resorted  to,  when  there  is  no 
lence,  from  its  tense  or  inflamed  state,  that  it  is  offering  any  un- 
obstacle  to  the  progress  of  the  organ  beneath. 
lie  ossification  of  the  permanent  teeth  commences  a  little  before 
I  with  that  of  the  anterior  molars,  and  in  the  course  of  the  first, 
»iid,  and  third  years  it  proceeds  gradually  in  the  incisors,  the  ca- 
!S,  and  bicuspids.  Their  position  in  the  jaw,  meanwhile,  has  been 
ergoing  change.  The  cavities  of  reserve,  from  which  the  devel- 
lent  of  the  ten  anterior  permanent  molars  proceeds,  are,  at  first, 
ed  between  the  milk  sacs  and  the  gum;  but  as  the  papillae  are  form- 
as  already  explained,  they  recede  behind,  or  to  the  inner  side,  and 
pass  deeper  in  the  jaw,  and  ultimately  get  beneath  them,  acquir- 
by  degrees  their  alveolar  cavities,  and  being  closely  and  some- 
t  irregularly  packed.  As  the  anterior  molar  is  developed,  it  soon 
es  to  occupy  the  tuberosity  of  the  maxilla,  and  the  base  of  the 
ooid  process  in  the  respective  jaws,  and,  afterwards,  by  the 
;thening  of  the  alveolar  arch,  descends  into  place  on  a  level  with 
e  before  it.  As  this  occurs,  the  cavity  of  reserve,  situated  over 
amishes  the  papilla  and  sac  for  the  second  molar,  which  soon 
ipies  the  tuberosity  or  coronoid  process,  and  then  descends  to 
iod  the  anterior  one,  a  portion  of  the  cavity  of  reserve  being  still 
to  furnish  the  hindmost  molar  or  wisdom  tooth  in  the  same  man- 
As  these  several  teeth  descend  to  the  alveolar  arch,  the  jaw  is 
»ortionally  lengthened  by  a  suitable  addition  from  behind  ;  so  that 
circular  arch,  of  which  the  alveoli  at  first  consisted,  is  altered  into 
elliptical  one. 

M  the  permanent  teeth  are  being  prepared  to  penetrate  the  gum, 
bony  partitions,  which  separate  their  sacs  from  those  of  the  tem- 
iiy  teeth,  are  absorbed  ;  the  fangs  of  the  temporary  teeth  are  re- 
'ikI  by  a  very  singular  natural  process ;  and  the  permanent  teeth 
36 
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,come  to  be  placed  directly  under  the  now  loose  crowns  of  the  teS?^  V' 
^^rary  ones,  which  finally  detach  themselves  and  nilow  the  pticBi!^  \' 
l.teelh  (o  take  their  places  in  the  raouib.  While  it  is  impossible  i**  \ 
I  .xdinire  the  evidence  of  design  furnished  by  this  exquisite  pr»^**  1 
I  iSeems  sut&cieiit  la  assign  it  physiologically  to  that  geDeial  Ii*^  iM 
I  tdelermines  the  forni  and  size  of  ibe  several  parts  of  organized  Vkii^ 
I  It  has  been  supposed  that  elongated  productions  of  the  cai^waiiiaii 
I  reserve,  which  have  been  carried  down  from  the  surface  i^^«niti4( 
■permanent  (oolb  sacs,  serve  to  re-direct  them  to  their  proper  [hM 
,Bs  they  rise  through  the  gum.  But  it  may  be  asked  what  tnid 
^previously  to  carry  down  the  pulps  aright,  and  to  form  these  ^^ 
I  .Bacula  ?  It  is  manifest  that  we  roust  ascend  to  a  higher  sc^^^Dili? 
law,  to  which  to  refer  these  wonderful  phenomena  of  life. 

The  periods  of  eruption  of  the  permanent  teeth,  though  liabS^,  Ui 
'  those  of  the  milk  teeth,  to  some  variety,  are,  according  to  M  x~-  B^, 
, usually  as  follow: — the  anterior  true  molars  at  6^  years  of  ig^f  * 
.central  incisors  at  7,  Ibe  lateral  ones  at  8,  the  anterior  and  \ic»giena 
I  .bicuspids  at  9  and  10,  the  canines  from  11  to  12,  the  secoat^  ^^  J 
I  .molars  from  12  to  13,  and  the  wisdom  teeth  from  17  to  19.  f 

Of  the  Jaw-bones  at  different  Mges. — The  bones  undergo  somew""  j, 
'  .resting  changes  of  form  in  connection  with  the  growth  anddeof  *•  f 
I  .the  teeth,  which  have  been  well  explained  by  Hunter.     The  ilru(*f  I, 

Processes  in  both  jaws  appear  with  the  teeth,  and  disappear  wtna"    In 
inger  needed  to  support  and  enclose  them.     In  the  f(£tiu,hfvt 
the  eruption  of  the  leelh,  the  upper  gum  is  about  on  a  line  witbf 
articaialion  of  the  jaw,  ihe  lower,  consequently,  is  nearly  on  ibeiM' 
,line,  and  the  angle  of  the  jaw  very  obtuse.     Bui  as  the  iMlbft^ 
trude,  and   increase  in  number,  Ihe  lower  jaw  is  separated  (nallf 
upper  by  the  depth  of  the  alveoli  and  crowns  of  the  teeth  t>f  M 
i  Jaws,  the  body  and  ascending  ramus  are  both  lengthened,  WA' 
>  [Bngle  approaches  nearly  to  a  right  angle.     When  Ihe  leelh  veHb- 
'   _Bequently  shed,  the  alveoli  disappear,  and  the  lower  jaw  bu  uk 
.much  more  elevated  in  order  to  touch  the  upper.    But  as  ils  bodjW 
, ramus  cannot  return  to  their  former  dimensions,  its  anterior  pHlH 
\  .thrown  a  good  deal  beyond  the  upper  in  this  action,  and  it  iiwll 
\  „tbe  hinder  portions  in  the  situation  previously  occupied  by  the  w^ 
)  , teeth  which  came  into  contact. 

Of  the  Articulation  of  the  lower  Jaw,  and  the  Movements  afMa6» 

I    lion. — A  constant  relation  subsists  in  animals  between  iheoainrtvf 

'    the  food,  the  shape  and  structure  of  the  teeth,  and  the  articuUtiou^ 

I  ]  the  jaw;  so  thai,  as  Cuvier  demonstrated,  one  of  these  elemenUbtitg 

I   .known,  the  others  may  be  more  or  less  accurately  inferred.    Tbw 

I    the  purely  carnivorous  animals  have  teeth  fitted  to  seize  ajid  lacenK 

t  ,  their  food,  and  the  jaw  is  capable  only  of  the  simplest  hinge  motioi' 

.In  Ihe  herbivorous  families,  on  the  contrary,  leeth  of  a  complex  Ibi^ 

are  provided  for  pounding  and  bruising  ihe  food,  and  the  joints  iR 

£0  constructed  as  to  allow  of  extensive  sliding  motions ;  while  is  t^ 

'    there  is  an  inter-articular  fibro-cartilage  for  protection  under  tin  ei- 

treme  pressure  exerted.     The  form  of  the  articulation  in  man, »' 

less  than  the  dental  series,  denotes  an  intermediate  cooditioD,  *iA 
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hjrsiological  argument  for  the  mixed  diet,  whieh  gene* 
•ate  baye  decided  to  be  natural  to  our  apecies.  As 
;,  tearing,  and  grinding  teeth,  all  in  moderate  propor- 
height,  and  in  an  uninterrupted  row,  so  the  articula- 
B  intermediate  between  those  of  the  animal  and  vege* 
Che  transverse  condyle  is  received  into  the  glenoid 
ie  slighter  movements  of  mastication  and  articulation 
it;  but  when  the  grinding  teeth  are  used,  or  the 
[  wide,  the  condyle  leaves  the  cavity,  and  slides  for* 
an  inch  on  the  prominent  root  of  the  zygoma.  In 
Ihe  axis  of  motion  is  not  in  the'  condyles,  but  a  little 

of  the  jaw,  and  the  joint  is  arthrodial.    A.  similar 

condyles  may  occur  with  the  mouth  nearly  closed, 
rs  being  then  carried  to  a  level  with,  or  even  beyond 

By  the  advance  of  one  condyle  a  partial  rotation  is 
itre  of  motion  being  in  the  other  condyle  ;  and  when 
1  alternately  by  both  sides,  together  with  an  elevation 
lower  molars  are  moved  laterally  over  the  upper,  so 
J  griod  any  intervening  substance.  The  temporal, 
internal  pterygoid  muscles  more  or  less  directly  close 
hinder  fibres  of  the  temporal  and  masseter  carry  it 
while  the  main  part  of  the  masseter,  and  especially 
fgoid,  advance  it.  Both  pterygoids  carry  it  to  the 
liefly  by  advancing  its  ramus,  the  centre  of  motion 
he  opposite  joint.  The  external  pterygoid  neither 
^sses  it.  The  depression  of  the  jaw  in  mastication 
ormed  solely  by  the  digastric  ;  and  it  may  be  conjee* 

this  muscle  acts  chiefly  in  its  anterior  belly,  which, 
lor,  is  supplied  by  the  inferior  maxillary  nerve,  the 
istributed  to  the  other  muscles  of  mastication. 
m. — The  salivary  organs  consist  of  glands  opening 
ind  pharynx,  and  furnishing  a  peculiar  fluid  which  is 
li  the  food  iind  carried  down  with  it  to  the  stomachs 
e  the  parotid,  submaxillary,  and  sublingual ;  and  to 
ded  a  multitude  of  small  detached  glands  of  similar 
robably  yielding  a  similar  fluid,  scattered  und>er  the 
ne  of  the  lips,  cheeks,  soft  palate,  and  parts  of  the 
duodenal  glands,  comprising  the  pancreas  and  the 
ler,  which  have  much  in  common  with  the  salivary 
lescribed  at  a  subsequent  page, 
glands  need  not  here  be  severally  described.  The 
*kable  for  its  proximity  to  the  temporo-maxillary  ar* 
ome  have  attributed  its  gteater  activity  during  mas- 
assure  to  which  it  is  suppo^d  to  be  then  subjected  ; 
the  fact  of  pressure  may  be  doubted,  so  mechani- 
I  seems  quite  superfluous,  siace  the  nervous  sympa* 
vidently  stimulate  or  control  Other  secretions,  as  the 
sufficient  to  explain  this.  The  paroti43  pour  their 
hat  compartment  of  the  mouth  which  is  outside  the 
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teeth,  while  the  ducts  of  the  submaxillary  and  sublingmlgllnJi^BJ 

under  the  tip  of  the  tongue  within  ihe  alveolar  arcbes.  I 

The  salivary  glands  consist  of  a  single  excretory  doct,  conliiitw  I 

with  the  mucous  membrane,  branching  again  and  again  (OAtrdilk  I 

pglsnd,  so  as  lo  subdivide  it  into  a  multitude  of  lobes  and  iobulnii-  1 

f  Tested  with  BubdivJEions  of  a  common  areolar  or  fibrous  capsiilt,nt  I 

reducible  ultimately  lo  follicles  of  a  highly  delicate  basement  im» 

brane,  lined  by  glandular  epithelium,  and  provided  on  their  exUU 

with  a  network  of  anastomosing  capillaries.     Some  anatomisti  n» 

akler  that  the  ultimate  follicles  of  these  glands,  tn  which  the  KCRiiil 

is  elaborated,  are  at  first  closed  sacs,  in  which  the  epithelium  ^Ofi 

I  «nd  is  multiplied,  and  which  discharge  themselves  at  stated  inlemli 

[  into  Ihe  extremities  of  the  duct.    Knowing  how  difficult  it  is  lo  dttB- 

I  nine  the  positive  truth  on  this  question,  we  shall  merely  say  tbitn 

I  are  disposed  to  regard  the  secreting  follicles  as  permanently  opentD 

I  the  duct, and  their  secretory  epithelium  as  a  continuation  of  thit  wlud 

f  Hnes  the  duct. 

I  Salivary  glands  exist  in  all  Ihe  vertebrata  except  fishes. 
I  The  mere  sight,  or  even  the  idea,  of  food  to  a  hungry  man,  exciw 
I  the  salivary  secretion — "makes the  mouth  water;"  and  during mw- 
I  ticalion  it  is  poured  very  abundantly  into  (he  mouth,  especially  at  ite 
m  commencement  of  a  meal,  or  if  (he  food  taken  is  of  a  savoury  qullit;F- 
1-  Ordinarily,  between  meals  and  at  night,  these  glands  hardly  pour  aat 
I.  my  secretion  ;  but  there  can  be  lilile  doubt  that  in  these  intetnliwf 
I  oomparalive  repose  of  their  blood-vessels,  the  epithelium  of  tbe  folh- 
I  cles  is  undergoing  those  processes  of  growth  and  change  which  p»- 
W  cede  the  actual  formation  of  Ihe  salivary  fluid  ;  and  the  same  ium  be 
I  said  of  many  other  glands  which  have  an  apparently  intermillent  K- 
I  tion.  The  quantity  of  saliva  furnished  In  a  given  time  in  ■  Mate  of 
I  health  has  been  variously  computed.  Mitscherlich  collected  bd»«!i 
I  two  and  three  ounces  from  tbe  parotid  duct  in  the  course  of  Iweai)- 
r  four  hours,  and  nearly  fourteen  from  the  whole  of  the  salivary  orguB) 
I  ind  his  estimate  appears  worthy  of  being  relied  on. 
I  The  saliva  is  a  slightly  viscid  transparent  tluid,  depositing  s  lilllt 
I  flocculent  sediment  on  standing,  which  consists  priivcipally  of  l^t 
I  scaly  epithelium  of  Ihe  mouth,  and  of  other  smaller  nucleated  celW, 
I  which  seem  to  come  from  Ihe  salivary  glands  or  ducts.  Its  viscidity 
I  is  increased  by  mixture  with  the  mucus  of  the  mouth.  According  U 
I  Dr.  Wright,  its  specific  gravity  is,  on  an  average,  about  IO07'9-  ft 
I  is  usually  alkaline,  especially  during  a  meal,  but  often  neutral,  a>d 
I  wmetimesslightly  acid.  Lass  than  two  parts  in  a  hundred  are  orfmic 
L  or  saline  matters,  the  rest  Vs  water.  The  organic  matters  ate  (besidd 
h  the  nucleated  cells)  ptyali^  or  salivin,fat,  {often  visible  as oil-globola 
I  in  Ihe  microscope,)  and  Extractive  mailer,  with  a  trace  of  albanct; 
V  the  inorganic  eonslifuertu  are  alkaline  lactates,  chlorides  of  sotJiuB 
I  and  potassium,  phosphate  of  lime,  some  free  soda,  with  sulpho-cyuMc 
I  of  potassium,  and  perl'naps  others.  The  last  named  prodvct  pf* 
red  tinge  with  a  per^alt  of  iron,  and  seems  peculiar  to  the  safiM. 
With  regard  to  the  ',iaiure  and  properties  of  what  has  been  temti 
ptyalin,  chemists  a'., pear  to  be  by  no  means  agreed,  or  even  whetbe 
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be  at  all  peculiar  to  this  secretion.  Dr.  Wright,  who  has  paid  a 
^eat  deal  of  attention  to  the  saliva,  describes  it  as  a  yellowish-white, 
Uwtiye,  and  nearly  solid  mattery  having  alone  the  characteristic 
ionr  of  saliva,  soluble  in  ether,  alcohol,  and  essential  oils,  but  more 
paiinglvso  in  water;  as  unaffected  by  most  of  the  agents  which  coa« 
pihte  albumen,  but  as  abundantly  precipitated  by  subacetate  of  lead 
■iaitrate  of  silver.  Dr.  Franz  Simon,  on  the  contrary,  describes 
Min  as  insoluble  in  alcohol  and  ether ;  and  he  adds,  *^  Our  know- 
mmt  of  this  substance  is  by  no  means  accurate ;  and  there  is  no 
JMbl  that  all  the  animal  fluids  yield  an  extract  to  water,  which 
^Mgly  resembles,  if  it  be  not  altogether  identical  with  ptyalin." 
kmiai  ChemUtryj  translated  by  Geo.  E.  Day^  (London,  1846,)  p.  24. 
k*  MiUcr  has  published  a  recent  analysis  of  the  saliva.  Cyclop. 
ImC,  art.  Organic  Analysis y  p.  812. 

.  An  obvious  use  of  the  saliva  is  to  aid  in  reducing  the  food  to  a 
ihaceous  form,  in  which  it  is  more  easily  swallowed.  During  the 
ovements  of  mastication,  it  is  intimately  mingled  with  the  whole 
and  may  thus  very  probably  mechanically  enable  the  gastric 
to  penetrate  more  quickly  to  every  part  on  its  arrival  in  the 
oaach.  But  general  experience  attributes  the  ill-effects  of  rapid 
rtiag  or  bolting  of  the  food,  to  the  saliva  being  swallowed  in  insuf- 
dnt  quantity,  as  well  as  to  imperfect  mastication  ;  and  it  is  a  ques- 
aa  of  some  interest,  to  ascertain  whether  this  fluid  has  any  digestive 
nrers,  at  all  allied  to  those  of  the  gastric  juice.  The  experiments 
rLcaeiui  have  proved  that  it  has  the  power  of  converting  starch  into 
iiv,  a  change  similar  to  that  which  occurs  in  the  stomach ;  and 
paUanzam  observed  that  aliments  enclosed  in  perforated  tubes,  and 
irodaced  into  the  stomachs  of  living  animals,  were  earlier  digested, 
Imi  previously  mixed  with  saliva,  than  with  water. 

Dr.  Wright  iniected  saliva  into  the  blood-vessels  of  dogs,  and 
mad  the  animals  dying  in  a 'few  days  or  weeks,  with  symptoms 
■ch  reaembline  those  of  hydrophobia.  In  other  instances,  where 
a  employed  white  of  egg,  isinglass,  and  mucus,  no  such  effects  en- 
vd.     Lancety  1844.     Br.  and  For.  Med.  Aev.,  Jan.  1847. 

Of  D^bUiHan. — The  parts  concerned  in  this  act  are  the  mouth, 
m  pharynx,  and  the  OBsophagus,  the  two  latter  of  which  remain 
I W  eoosadered. 

ThepkarynXj  as  usually  described,  consists  of  all  that  cavity  lined 
ith  mucous  membrane  which  is  situated  in  front  of  the  cervical 
Btlebrs,  behind  the  nose,  mouth  and  larynx,  below  the  base  of  the 
odl^  and  above  the  oesophagus.  This  cavity,  however,  as  we  shall 
,  comprises  two  parts  entirely  distinct  from  one  another:  an 
',  with  its  walls  never  in  contact,  lined  with  ciliated  epithelium 
id  eoBtaining  air,  which  we  shall  term  the  respiratory  compartment^ 
nag  in  fact  strictly  a  portion  of  the  air-passages ;  and  a  lower ^  dilat- 
iHm  and  contractile,  lined  with  scaly  epithelium,  and  giving  passage 
»  the  food  from  the  mouth  to  the  oesophagus,  which  we  shall  term 
m  alimentary  compartment^  as  it  is  a  portion  of  the  alimentary  tube. 


The  air-passages  are  interrupted  between  the  upper  comfArttu^^^H 
I  the  glottiK,  nnd  in   this  inierval  the  air  has  lo  [raverse  the  toij^^J 
I  alimentary  corupartment  in  Its  course  Trom  the  nose  to  ibcl^^H 
I  The  alimentHry  and  respimtory  tubes  may  thus  be  said  lo  iidoil^B 
carh  other  in  this  cnmrnon  cavity,  a  factor  leading  iinportaocclttbl 
(inderstanding  of  the  anatomical  arrangement  of  these  parts.  Irt   I 
I  to  speak  of  the  laws  of  ilevelopment  to  which  this  free  comninia-    | 
'    tion  of  the  two  great  tracts  ministering  to  the  nutrient  functiQOiq 
be  referrible,  (a  communication  still  freer  previous  to  the  fostna 
the  sides  of  the  palate  at  an  early  stage  of  fcelal  existence,)  i> oq 
be  sufficient  to  allude  to  the  great  end  answered  by  it,  viz.  thebrii^ 
ing  the  whole  apparatus  of  the  mouth  into  connection  with  ihelnp 
I   for  articulation  and  speech,  and  lo  the  subordinate  object  of  mtH 
I   heightening  the  sense  of  taste  during  mastication,  by  allowing  tkt 
I    odour  of  the  food  to  ascend  from  the  mouth  and  pharynx  to  tlwil- 
'    factory  region  through  the  posterior  nares.     (See  p.  38S.) 
I         From   the  hinder  border  of  the  hard  palate  passes  ^Af  in^^fJltEl 
I    ■  fold  nf  mucous  membrane  enclosing  mucous  glands,  a  Gbrotiswt 
atratum,  and  several  muscles  by  which  it  is  capable  of  various  taottom 
This  terminates  below  by  a  free  border,  with  the  uvula  in  theceow; 
L  and  from  this  border  on  each  side  descend  the  two  pillars  of  tlirnA 
r  palate:  the  posterior  downwards  and  backwards,  enclosing  and  Dirii- 
l   ing   the  course  of  the    palalo-pharyngeal   muscle,  and   dividing  tk 
I   alimentary  compartment  before  alluded  to  from  the  respintury  W 
above;  the  anterior  downwards  and  forwards,  containing  tht  OMct 
I    nnaller  palato-glossua  muscle,  and  dividing  the  same  cotDpattM' 
1   from  the  mouth.     Thus,  this  alimentary  tract  of  the  pharyox  aaifkt 
said  lo  have  its  upper  part  included  within  the  diverging  piltirsoftbi 
soft  palate,  with  Ihe  tonsils  projecting  into  it,  and  to  have  ilssuoiBit 
[    formed  by  the  lower  edge  with  the  uvula,  the  posterior  or  uppuwr- 
I    fece  of  the  soft  palate  pertaining  lo  Ihe  respiratory  tract,  and  tlxiB- 
I   terior  or  lower  to  the  mouth.     The  mucous  membrane  of  the  [Aarru 
'    seen  between  the  soft  palate  and  tongue  on  opening  the  mouth  li« 
above  the  posterior  pillars,  and  consequently  belongs  lo  the  rr«pii«' 
tory  compartment ;  and  we  have  on  several  occasions  had  inttrnunz 
proof  of  this  in  those  cases  of  chronic  syphilis  attended  with  »  t!^ 
'    state  of  the  pharyngeal  membrane,  and  in  which  this  part  hat  reniain- 
I   ed  dry  at^er  the  patient  has  been  made  to  swallow  water. 

The  alimentary  compartment  of  the  pharynx  has  four  ori&ces,iU 

'   capable  of  closure;  one  towards  Ihe  mouth,  bounded  by  the  lowti 

edge  and  anterior  pillars  of  the  palate,  by  the  base  of  the  ioapituA 

09  byoides ;  another  towards  the  cesophagus,  at  the  lower  bordrr  ol 

'  the  cricoid  cartilage:  these  two  are  alimentary.     The  third  opeoi^ 

I    is  towards  the  upper  compartment,  and  is  bounded  by  the  lower  ban''* 

of  the  palate  with  the  uvula,  and  by  the  posterior  pjllara  with  tpo^ 

I    tion  of  the  posterior  wall  ;  the  fourth  Is  towards  the  lungs,  and  feriWii 

*    by  the    upper  part  of  the  larynx  defended   by  the  epiglottis;  tbew 

two   are   respiratory.     The  shape  of  the  alimentary  compartmeat  ii 

▼ery  irregular,  and  capable  of  great  alteration   by  Ihe  moveBeaB 

partly  of  the  os  hyoldes  and  tongue  with  the  larynx,  and  partljof 
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lift  constrictor  muscles  forming  its  back  and  sides.  Mach  lax  areolar 
iarae,  containing  no  fat,  surrounds  it,  and  allows  of  these  roovements 
A  the  contiguous  parts.  As  it  is  impossible  in  the  compass  of  this 
Virk  to  include  a  special  description  of  the  muscles  and  other  con- 
riltettts  of  the  pharynx,  we  must  suppose  the  reader  to  have  already 
■Mle  himself  acquainted  with  them  from  the  ordinary  sources. 

*  The  soft  palate  contains  a  thick  layer  of  glands  under  its  mucous 
■MttbraDei  in  front  of  its  muscles ;  and  great  numbers  are  situated 
yiMrt  the  upper  orifice  of  the  larynx  and  on  the  general  surface  of 
IM'  pharynx.  The  Umrih  are  large  and  somewhat  peculiar  glands 
njecting  between  the  arches  of  the  palate.  They  open  by  several 
liUutt  orifices,  which  lead  into  cells,  around  which  the  secretory 
■Mtliire  is  arranged.  They  are  very  vascular  organs,  and  evidently 
iheed  where  they  are  to  lubricate  the  food  in  its  passage  from  the 
Math.  It  is  not,  however,  known  with  accuracy  what  is  the  nature 
W  composition  <rf*  the  secretion  they  furnish ;  but  it  is,  probably, 
hde  besides  simple  mucus.  That  it  is  not  identical  with  the  saliva  may 
m  inferred  from  the  diflerence  in  structure  of  the  elands,  and  from 
^  tonsils  being  liable  to  inflammation  and  suppuration,  as  well  as  to 
Mnous  enlargement,  while  the  salivary  glands  are  seldom  or  never 
flbded  in  the  same  way. 

The  food  when  sufficiently  comminuted  and  mingled  with  saliva 
rtfae  mooth,  and  collected  in  the  hollow  of  the  tongue,  is  thrown 
Md  the  alimentary  pharynx  by  the  tongue  being  pressed  upwards 
Ipiiut  the  roof  of  the  mouth — this  movement  beginning  at  the  tip, 
Mdl  ending  near  the  base.  The  division  of  the  pharynx  which  is  to 
ieeire  it  is  dilated  as  the  food  enters,  by  the  advance  and  elevation 
f  the  larynx,  and  by  the  yielding  of  its  sides  and  posterior  wall, 
Hriie  the  communication  with  the  respiratory  compartment  above  is 
ftctually  closed  by  the  coming  together  of  the  posterior  pillars  of 
be  fauces,  by  the  contraction  of  the  palato-pharyngeal  and  upper 
Matrictor  muscles.  The  base  of  the  tongue  is  now  forced  backwards 
tod  upwards,  so  that  the  pellet  is  pressed  between  it  and  the  soft 
tohte  with  its  posterior  pillars  now  in  contact,  and  is  thereby  carried 
lownwards  and  backwards  into  that  portion  of  the  cavity  which  lies 
Ichind  the  larynx.  It  crosses  over  the  glottis  without  entering  it, 
icmuse  while  the  larynx  is  advanced  the  base  of  the  tongue  presses 
toek  the  epiglottis,  and  so  covers  the  orifice ;  this  movement  of  the 
piglottis  being  assisted  by  the  small  aryteno-epiglottidean  muscular 
Hires,  and  by  the  very  course  of  the  food  itself;  but  it  is  abundantly 
Moved,  that  even  without  an  epiglottis  the  glottis  would  for  the  most 
Mrt  be  so  closed  by  sudden  spasm  of  its  constrictors,  as  to  prevent 
Ay  alimentary  matters  from  falling  into  the  larynx.  In  the  act  of 
mniting,  where  the  matters  pass  in  the  contrary  direction,  it  is  proba- 
im  that  the  glottis  is  partly  protected  by  the  backward  position  of  the 
mgue  and  epiglottis  and  partly  by  this  conservative  contraction  of  the 
iiytenoid  muscles  in  answer  to  the  mechanical  stimulus  of  the  food  on 
he  mucous  membrane  in  the  vicinity.  The  pellet  of  food  havingarrived 
tear  the  cesophagus,  is  projected  into  it  by  the  contraction  of  the 
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middle  and  inferior  constrictors,  the  upper  portion  of  that  canal  bof 
I  dilated  by  its  enlrnnce. 

I  It  might  be  imagined  that  a  process  which  may  thus  be  srlilvriil); 

II  divided  intn  consecutive  stages,  and  which  combine  so  many  elib>^ 
I  nte  and  harmonized  actions,  would  occupy  something  mote  thin  i 
I  single  second  in  its  performance.  It  is,  however,  quite  momentuj. 
I  The  njovemenls  cannot  be  performed  separately  by  any  volunUrt 
I  control;  the  food  once  willingly  thrown  by  the  tongue  beyooO  1^ 
I  iithmus  of  the  fauces  cannot  be  recalled,  but  is  necessarily  carried 
I  forward  lo  ihe  stomach — a  beneficent  provision,  in  which  the  pbyiid 

supersede  in  a  great  degree  the  menial  nervous  actions,  to  ensur«'bt 

integrity  of  Ihe   vital  function   of  respiration.      On   the  action  of  ibt 

I    nerves,  however,  we  need  add  nothing  to  what  has  been  alfevij 

stated  (see  296,  306,  307,  487  and  488). 

I        The  tFsophagus  is  a  tube  continuous  with  Ihe  pharynx,  filled  tg 

I  convey  the  food  past  the  organs  of  respiration  and  circulation  intbt 

I   tborax  to  the  stomach  below  the  diaphragm.     It  first  lies  upoti  & 

Terlebrffi  and  inclines  slightly  to  the  left,  but  afterwards,  in  itsconne 

.    through  the  posterior  mediastinum,  it  advances  in  front  of  the  ll^ 

Mending  aorta,  and  occupies  the  median  line.     It  is  surrounilt^it 

I    its  whole  length  by  a  lax  areolar  tissue,  which  permits  its  dilatatioa 

[   snd  contraction   during  the  passage  of  Ihe  food.     It  has  a  itnut 

'    muscular  coal  composed  of  two  layers,  an  outer,  of  loneiludiaH 

I    fibres,  which  commence  from  the  cricoid  cartilage;  and  an  mner, sf 

I   circular  fibres:  both  these  spread  oul  upon  the  stomach,  and  becOM 

[    much  thinner  on  that  organ.     The  fibres  of  both  layers  are  of  lb( 

1    striped  kind  in  the  upper  part  and  for  a  variable  way  down,  soiK 

I  being  often  traceable  as  low  as  the  diaphragm.     In  the  middle  regio*. 

I  unstriped  fibres  are  mingled  with  Ihe  others  ;  and  in  the  lower  put 

I  ibey  are  either  the  chief  or  only  consliluenl.     It  has  also  a  mnciM 

lining,  continuous  with  that  of  the  pharynx  and  stomach,  but  diffenl 

from  both,  being  covered  with  a  thicker  and  more  opaque  epilbeliua, 

,    resembling  cuticle,  and  ihrown,  when  empty,  into   longitudioil  6Mt 

[   by  the  help  of  an  abunilant  areolar  tissue  between  the  mats.    Anoi| 

the  creases,  chiefly  in  the  lower  third,  are  scattered  iducou.i  gUodi, 

which  open  on  the  surface,  and  serve   lo  lubricate  ihe   canal  doriM 

\  the  passage  of  food.    The  cuticular  lining  of  the  ssopbagus  is  cbaifH 

[  abruptly  at  the  cardiac  orifice  of  the  stomach  into  the  glandular iisiig 

f  of  the  latter  organ.     Thus  the  oesophagus  is  organized  as  a  simple 

I    conduit.     It  has  considerable  muscular  power,  and  a  comparativfl; 

I    thick  and  insensible  lining  membrane. 

On  receiving  the  morsel  forced  into  ils  upper  orifice  by  ibe  lajl  »cl 
,  of  pharyngeal  deglutition,  the  oesophagus  is  mechanically  dibtci). 
and  its  lining  membrane  stimulated  by  the  contact.  The  result  \s  i 
conlraclion  of  its  muscular  coat  upon  the  pellet,  which  is  tbertbf 
carried  forwards  into  Ihe  succeeding  portions,  in  which  the  like  'f- 
j  tions  are  induced,  until  il  has  traversed  the  entire  canal.  This  sen^t 
of  actions  is  rapid  and  quite  involuntary,  but  an  obscure  scDfliiM 
attends  it,  which  is  capable  of  being  heightened  to  uneaj^tDen  <" 
pain  if  any  obstruction  be  met  with,  or  if  the  descending  inorw)  bt 
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)0O  hot.  It  has  been  already  stated  that  the  contractions  are  due  to 
I  central  stimulns  on  the  muscular  nerves,  derived  from  the  pressure 
if  the  food  on  those  of  the  lining  membrane  (see  p.  490).  It  has, 
Men  pointed  out  by  Miiller  that  rapid  and  slight  peristaltic  descend- 
Bg  contractions  occur  in  the  oesophagus  independent  of  the  passage 
if  food.-  These  are  probably  such  as  occur  in  the  intestines  and 
itenis,  without  the  accustomed  stimulus  and  as  a  mere  consequence 
if  their  contractility.  In  vomiting,  the  oesophagus  has  an  inverted 
lelion,  the  muscular  coat  forcing  up  the  food  thrown  into  it  from 
niow.  In  ruminating  animals,  this  inverted  peristaltic  motion  is 
{■pable  of  beine  accomplished  by  the  will,  and  a  similar  power  exists 
m  aome  individuals  among  mankind,  of  which  we  have  witnessed 
■ore  than  one  striking  example. 

On  passing  a  rapid  series  of  electrical  shocks  down  the  oesophagus 
if  ft  dog  just  killed,  the  upper  three-fourths  of  the  tube  are  thrown 
ftto  continued  or  tetanic  contraction,  while  the  lower  fourth  takes  on 
I  peristaltic  or  vermicular  contraction ;  thus  demonstrating  the  situa- 
ioD  of  the  change  from  the  striped  to  the  unstriped  fibres  of  the 
aoscular  coat,  according  to  the  recent  test  of  Weber. 

On  th«  8ot>ject  of  the  teeth  the  stadent  may  conTeoiently  refer  to  the  works  of 
ccvweDhoek,  John  Hnnter,  Thomas  Bell;  Tomeii,  Med.  Oaz.  1889-46;  Owen, 
MoBtofcraphy;  Nanmyih  on  the  Teeth;  Mailer's  Physiology,  hy  Baly;  Ctoodsir,  Bd. 
lad.  and  Bon.  Journal,  roU  51.  On  insali ration,  he  may  consult  Dr.  Wright's  works, 
rUeh  are  of  great  interest  and  Talne.  On  deglutition,  Dzondi's  ohserrations,  in 
niler,  by  Baly;  a  paper  by  Mr.  Fergnsson,  in  Med.  Chir.  Trans.,  roL  xxviii.  p.  880; 
ad  die  Cyclop.  Anat.,  an.  (Enphagutt  by  Dr.  Johnson. 


CHAPTER  XXIV. 

lOESTION  CONTINUED. — THE  STOMACH. — ITS  COATS,  PARTICULARLY  THE 

MUCOUS   COAT. — STOMACH    CELLS    AND    TUBES. PYLORIC    TUBES.— 

MOYEMENT8  OF  THE  STOMACH. — THE  GASTRIC  JUICE,  ITS  NATURE  AND 
nU>PEETIES. — PEPSINE. STOMACH  DIGESTION. 

The  alimentary  canal  below  the  diaphragm  is  naturally  divided 
ito  the  stomach,  the  small  intestine,  and  the  large  intestine,  all  of 
'hich  are  lined  by  mucous  membrane,  have  like  the  cesophagus,  a 
Dable  muscular  coat,  and  are,  besides,  invested  with  a  serous  mem- 
raoe,  the  peritoneum,  which  facilitates  the  motions  by  which  the 
Mitiined  matters  are  propelled  from  end  to  end. 

The  stomach,  of  which  we  have  first  to  speak,  is  an  elongated 
inred  pouch,  very  dilatable  and  contractile,  fitted  to  receive  the 
lod  from  the  oesophagus,  to  retain  it  while  acted  on  by  the  gastric 
Bid  secreted  from  the  lining  membrane,  and  then  to  transmit  it  to 
le  duodenum  or  first  part  of  the  small  intestine.  It  is  expanded 
ito  an  ample  cul-de-sac  at  its  left  extremity,  and  becomes  gradually 
UTOwer  towards  the  pylorus,  where  it  joins  the  duodenum.    A  cir- 
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cular  constriction  is  often  apparent  three  or  four  incM^ 
pylorus,  partially  dividing  the  pyloric  region  from  the  rest  of  the 
carity.  It  has  an  anterior  and  posterior  surface,  which  become  n* 
spectirely  raCber  upper  and  lower  during  repletion  of  the  organ  (owiif 
to  its  change  of  bulk,  and  its  being  Axed  at  its  two  orifices),  and  ■ 
upper  and  lower  curvature,  called  also  lesser  and  greater,  which  ifr 
dergo  a  corresponding  alteration,  becoming  rather  posterior  andu- 
terior.  The  periloneum  invests  both  suriaces,  and  passes  from  tbn 
In  the  liver  (forming  the  gastro- hepatic  omentum),  to  the  splm 
(forming  the  gasiro-splenic  nmentum),  and  to  the  transverse  cotai 
(forming  lirst  the  anterior  and  then  the  posterior  layers  of  the  gntf 
omentum).  This  peculiar  arrangement  of  the  serous  membraar  a 
probably  intended  to  allow  of  the  extreme  changes  of  bulk  to  whidi 
this  organ  is  liable.  The  muscuiar  Jibres  of  the  stomac-h  are  cautiDo- 
oua  with  those  of  the  cesophagus ;  but,  in  consequence  of  its  irregu- 
lar shape  and  its  bulging  from  the  cardia  towards  the  left  hyportie&- 
drium  and  the  umbilical  region,  these  fibres  are  not  regolariy  lonijitih 
dinal  and  circular  as  in  the  cesophagus,  and  as  in  the  intestines.  'Hm 
outer  or  longitudinal  set  may  be  best  traced  along  the  lesser  camtm 
and  near  the  pylorus ;  and  those  beneath  cross  ihem  either  at  t^jlt 
angles  or  obliquely,  according  to  (heir  situation.  Towards  the  Inm 
extremity  the  fibres  of  both  layers  are  much  thicker,  and  parliculsij 
so  at  the  pylorus  itself,  where  they  form  a  circular  constrictioD  pro- 
jecling  the  lining  membrane,  and  capable  of  acting  as  a  spbi&clci 
muscle.     They  are  of  the  unstriped  variety. 

The  mucous  membrane  of  the  stomach  is  thick  and  sof^,  and  ihrovn 
into  numerous  irregular  folds  by  the  contraction  of  the  muscularcoai, 
except  in  the  distended  stale  of  the  organ.  To  be  capable  of  Hiu 
folding,  it  is  separated  from  the  muscular  wall  by  a  very  lax  areoUi 
tissue,  containing  no  fat,  but  iilled  with  the  vessels  belonging  to  Ibc 
mucous  membrane,  and  also  containing  nerves.  This  is  the  coal 
wrongly  styled  nervous  by  the  older  writers. 

The  stomach  is  freely  supplied  with  blood  by  the  three  division) 
of  the  cteliac  axis,  the  coronary,  hepatic,  and  splenic.  The  brancbes 
of  (be  arteries  reach  it  along  its  borders,  soon  pierce  its  muscular 
tunic,  and  form  plexuses  in  (be  sub-mucous  areolar  tissue,  where  tbej 
break  up  into  numberless  finer  ramitications,  which  penetrate  the 
mucous  coat.  The  veins  accompany  the  arteries  in  their  distribmioa 
and  discharge  themselves  into  the  vena  portee.  Both  orders  of  v«stl) 
are  very  tortuous,  and  ibeir  contiguous  branches  everywhere  aiisslo 
mose  freely,  so  as  to  distribute  the  sanguineous  supplies  equally 
during  Ihe  changing  volume  of  ibe  organ.  The  nerves  of  the  stomuh 
are  derived  from  the  pneumogastrJcs  and  from  the  cteliac  plens. 
They  advance  from  the  lesser  curvature  over  both  surfaces,  andtftrt 
supplying  the  muscular  walls,  enter  the  areolar  layer  under  Ihe  secfr 
ting  lining  membrane. 

The  mucous  membrane  of  the  stomach  demands  and  will  well  rf- 
pay  an  attentive  study.  It  is  of  that  variety  which  has  been  termttl 
compound  mucous  membrane,  i.  e.  its  thickness  is  made  up  of  an  ix* 
fmite  multitude  of  tubular  involutions  of  the  simple  membraae,  wili 
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liate  Tascalmr,  tnd  other  tissaes  sent  ap  into  it  from  below, 
pie  iDembniDe  consists  of  basement  merobrane  uid  »pithe- 
tb  of  which  are  found  throughout.  The  vessels  are  uniformly 
eep  surface  of  the  basement  membrane,  and  the  epithelium 
ppomte  surface.     The  compound  mucous  membrane  of  the 

is  thinnest  near  the  (esophagus,  and  is  usually  of  a  pinker 
I  the  middle  region,  and  paler  towards  the  pylorus. 

the  whole  surface  of  the  membrane  as  seen  on  laying  opes 
n,  and  stretching  it  so  as  to  obliterate  the  larger  folds,  there 
ble,  even  with  the  naked  eye,  but  still  better  with  a  lens,  a 
e  of  cavities  of  very  irregular  shape,  and  about  i^^th  of  an 
liameter,  more  or  less  (fig.  1&4,  a).  These  cells  are  not  the 
'  ereaaings  of  the  membrane,  and  they  do  not  disappear  when 
lehed.  They  are  usually  filled  with 
vhich  requires  to  be  removed.    Over  '*  '**■ 

ler  part  of  the  stomach  they  extend 

only  about  ^th  or  Jtb  of  the  thick- 
the  membrane,  but  they  are  larger 
per  near  the  pylorus.     In  the  ridges 

them  runs  a  plexus  of  vessels  larger 
linary  capillaries  (fig.  156  a,  d),  and 
•ften  retains  its  blood  afler  death,  so 
ip  oat  the  cells  in  a  beautiful  manner. 
exus  is  supplied  by  vessels  sent  up 
ow,  and  may  be  very  easily  injected 

fithelium  which  lines  these  stomach 
covers  the  ridges  between  them  is 
columnar  variety  (fig,  154  b);  the 
(  are  shorter  tban  in  some  other  parts : 
is  free  while  the  other  is  directed  to- 
he  basement  membrane ;  and  they 
each  a  clear  pellucid  nucleus  near 
eper  end.  They  seem  to  lie  in  a 
teries,  the  deeper  being  in  course  of 
ment  while  the  more  superficial  is  in 
if  decay.  It  has  appeared  to  us  that 
fticle  when  arrived  at  maturity  has, 
the  nucleus,  granular  contents  enclos- 

ihat  at  a  subsequent  period  the  gran-     ____^__ 

tents  escape  at  the  free  extremity  by  M*gniawiudi>»i 
«nce  or  opening  of  the  wall  at  that  tan>r  nXw  u'li  « 
iving  the  transparent  husk  with  its  !^i!II?)^~?ani"«i!' 
subsisting  for  some  time  longer.  £S!Ei'°' f'*r?oJK'ii 
tar  structureless  mucus  which  is  al-  deBpun?"!-  '  J^ 
ways  found  occupying  the  cells  and  uth^tS^lfOtt- 
J  the  surface  of  the  membrane  seems  SI^J"'?!."*  "**" 
*  altered  contents  of  these  particles  iiJlJ^JJ^ ''"■' 
sir  escape,  for  the  uniform  existence 
mte  cavity  in  the  centre  of  it,  where  it  fills  the  cells,  show 
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to  fill  them  up  {: 
Fig.  I5S, 


..  .     of  ibB  «pIiti«UBl  piriilii    c. 
Fibroui  niMdi    •urnniKlinK  and 

'  unial  Mcikm  ot  ■  mi  of 

pini.   Tba     '      ' 


iniu  ta.'»  1 !  DUr*nnl  itupIlM  ■ 

IhsJiuni  iiDieliuip^  ""I'' - 

or  pralongid  ilomuh  fO.    i,  Pjrloifi 
tiaiing  TBiioiHli'.uid  lined  U  Ibai 

From  tbfl  ddgt  sAbt  iw 
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It  has  been  said  that  the  cells  are  so  shallow  as  to  dtp  iolo  A* 
compound  membrane  only  about  glh  of  Us  thickness.  The  rest  of 
its  thickness,  except  near  the  pylorus,  is  made  up  of  minute  lubnUi 
offsets  from  the  boltom  of  the  cells,  which  may  be  termed  the  MoDKb 
tubes,  (lig.  155,  b;  and  R^,  156,)  and  which  pass  vertically,  I<r0t 
three,  or  four  from  each  cell,  a^erwurds  subdividing  again  and  Rgita, 
and  becoming  more  or  less  (orluous,  tilt  they  terminate  by  blind  «- 
tremilies  on  a  dense  lough  layer  of  areolar  tissue  continuous  wub 
that  laxer  stratum  which  separates  the  mucous  from  Ihe  musculir 
coat. 

The  stomach  tubes  hare  a  basement  membrane,  and  contain  H 
epilhcil  urn  altogether  different  from  that  which  has  been  jusl  descriM- 
Its  particles  are  of  the  filandular  variety,  are  rounded  in  shape,  witlt- 
out  obvious  walls ;  their  contents  are  darkly  granular,  often  i  '~ 
with  oil  globules,  and  their  nucleus  is  less  distinct.     The  lid 
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TOW  that  the  particles  seem  to  fill  them,  and  obliterate  their 
,  except  near  their  orifices,  where  they  empty  themselves  into 
lis.  Towards  their  blind  extremities  they  often  seem  to  be 
a  series  or  pile  of  epithelial  particles;  and  this  has  led  some 
lists  to  deny  that  they  are  tubes.  The  existence,  however,  of 
nent  membrane  convinces  us  that  they  are  to  be  regarded  truly 
*s,  permanently  laid  down  in  the  tissue  of  the  stomach,  for  the 
ition  and  discharge  of  the  materials  of  their  peculiar  epithelial 
»  on  its  inner  surface.  The  tubes  proceed  in  sets,  correspond- 
the  cells  into  which  they  open ;  those  of  each  set  beine  en- 
in  a  common  envelope  of  nucleated  tissue,  like  the  matrix  of 
loey  and  some  other  glands.  This  firm  investing  structure  is 
d  on  the  one  hand  to  the  dense  layer  on  which  the  compound 
ane  rests,  and  on  the  other  to  the  ridges  between  the  cells; 
sends  delicate  processes  between  the  individual  tubules  of  each 
d  between  their  branchings,  so  as  to  sustain  every  portion  in 
per  place.  Between  the  sets  of  tubules  the  larger  vessels  run 
be  ridges  between  the  cells,  and  every  tubule  is  invested  with 
ries,  which  take  for  the  most  part  an  upward  direction,  and  are 
088  with  the  tubules  in  a  transverse  section  of  the  latter,  (fig. 
»  d.)  We  have  met  with  no  tubular  nerve  fibres  in  the  mucous 
ane  of  the  stomach ;  but  it  is  highly  probable  that  nucleated 
ibres  run  among  the  tubes,  though  their  want  of  characteristic 
s  renders  it  diflScult  to  positively  assert  their  presence, 
description  now  given  will  hold  good  for  the  whole  lining  of 
»mach,  except  near  the  pylorus.  Here,  in  many  of  the  lower 
9  which  we  have  examined, — for  example,  in  the  dog,  and,  it 
ith  probability  be  inferred,  in  man  also, — a  change  occurs  in 
gradual  manner,  but  evidently  of  an  important  kind.  The 
ane  is  of  a  paler  tint,  and  its  cells  seem  not  to  terminate  at 
1  the  true  stomach  tubes  already  described,  but  are  prolonged 
ich  wider  cylindrical  tubes,  lined  with  the  same  columnar  epi- 
I,  and  descending  nearly  or  altogether  to  the  deeper  surface  of 
apound  membrane.  For  the  most  part,  these  prolongations  of 
Is — or,  as  we  shall  term  them  pyloric  tubes — end  at  length  in 
lort  and  diminutive  true  stomach  tubes  (fig.  156,  b);  but  we 
kewise  found  them  terminating  in  either  flask-shaped  or  un- 
extremities,  lined  throughout  with  the  sub-columnar  variety 
lelium,  (fig.  156,  d,)  Thus  in  these  animals  a  marked  distinc- 
ista  between  the  mucous  membrane  of  the  pyloric  compartment 
It  of  the  rest  of  the  organ,  a  distinction  which  must  undoubt- 
ve  an  important  physiological  meaning ;  and  we  have  suspected 
i  digestive  power  of  the  two  parts  must  difler ;  that  the  oflBce 
pyloric  tubes  resembles  that  of  the  stomach  cells  generally, 
difierent  from  that  of  the  true  stomach  tubes ;  that  perhaps  the 
oduct  of  the  stomach  may  be  furnished  by  one  rather  than  by 
er.  y^  confess,  however,  that  we  have  been  unable,  on  the 
id,  to  obtain  human  stomachs  sufficiently  fresh  and  healthy  to 
!  fact  of  the  anatomical  distinctness  of  the  two  regions  in  man, 
the  other,  to  ascertain  the  value  of  the  conjectures  just  alluded 
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to  as  applied  to  antmals  in  which  the  iworold  structure  is  sufficienllj 
certain. 

It  is  necessary  to  examine  the  changes  that  occur  in  the  sioiuti 
upon  the  inlroduclion  of  food  in  it.  These  changes  are  threrfold:— 
1st,  as  regards  its  muscular  coat;  2d,  as  regards  its  mucoos  amt- 
brane;  and,  3d,  with  respect  lo  the  nature  and  properties  of  lb«  » 
cretion  which  is  derived  from  ihat  membrane. 

1.  Movements  of  the  Stomach. — On  exposing  the  stniuBCfa  of* 
living  anima),  or  of  one  recently  killed  while  digestion  is  going  oi, 
we  find  that  it  firmly  embraces  its  contents,  and  that  both  onfieesn 
closed,  so  as  to  prevent  the  escape  of  the  food.  This  is  pBrticahrif 
the  case  as  regards  the  pyloric  orifice  in  (he  first  period  of  digesiiw. 
The  contraction  of  the  circular  muscle  which  surrounds  the  pjlom 
is  so  strong,  thai,  even  after  the  stomach  has  been  separated  fromtke 
intestines,  its  contents  do  not  escape  for  some  time. 

This  contraction  is  due  to  the  stimulus  of  the  food ;  and,  whu 
the  aliment  is  difficult  of  digestion,  the  muscular  coat  is  proponion- 
ably  stimulated. 

The  movements  of  the  stomach  are  very  different  in  its  cardiac  asl 
in  its  pyloric  portions.  In  the  cardiac,  two-thirds  the  movemenliiK 
very  slow  and  scarcely  perceptible,  and  seem  to  consist  in  little  iDon 
than  a  firm  and  steady  contraction  upon  the  contents,  the  muscnlir 
coat  thus  slowly  pushing  on  the  food  towards  the  pyloric  porlioD.ul 
adapting  itself  to  the  diminished  size  of  the  organ.  In  the  pyloiit 
portion  they  resemble  closely  the  peristaltic  movements  of  the  intrti- 
nal  canal,  which  indeed  appear,  as  it  were,  to  start  from  the  juoctiH 
nf  this  portion  of  the  stomach  with  its  cardiac  portion.  Under  Ai 
influence  of  the  magneto-electric  apparatus  this  mode  of  contnaiBi 
of  the  pyloric  fibres  may  be  well  shown  in  dogs  or  cats  just  dwl. 
and  the  contrast  with  the  action  of  the  cardiac  fibres  may  be  stnliiD^i 
displayed. 

We  had  lately  an  opportunity  of  observing  the  peristaltic  ctianttti 
of  the  movement  of  the  pyloric  portion  of  the  stomach  dorini;  life, 
in  a  woman  in  whom  that  organ  was  so  enormously  enlarged  M  H 
occupy  nearly  the  entire  abdominal  cavity,  the  intestines  being puibri 
into  the  pelvis,  and  the  arch  of  the  colon  lying  behind  the  stoaticb. 
The  patient  was  so  emaciated,  and  the  abdominal  parieles  so  altera- 
ated,  that  the  action  of  the  viscus  could  be  distinctly  seen  tli(««ti 
them ;  and  it  appeared  to  resemble  precisely  ihe  vermicular  aclton  nf 
the  intestines,  for  which,  indeed,  it  was  taken,  as  the  nature  oftheciM 
could  not  be  distinctly  recognized  during  Hfe. 

When  the  action  of  Ihe  stomach  is  energetic,  a  constriciion  is  pro- 
duced, by  which  the  pyloric  third  is  separated  from  the  cardiac  por- 
tion, thus  giving  rise  to  the  hour-glass  contraction,  which  contiaan 
for  some  time  afier  death  if  the  animals  have  been  killed  at  the  n>o- 
ment  of  its  occurrence.  The  same  condition  may  be  produced  bj 
the  magneto-electric  apparatus.  This  constriction  haS'  been  notiMJ 
by  all  observers  in  dogs  and  cats,  and  may  be  now  and  then  seen  il 
the  human  stomach.     In  some  animals  such  a  division  betwi      "** 
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ions  of  the  stomach  exist  in  the  natural  conformation  of  the 

macular  action  of  the  stomach  in  man  and  the  mammalia  seems 

0  push  on  the  food  into  the  intestine,  and  not  to  subject  it  to 
ration  or  mechanical  reduction,  according  to  the  views  of 
ologists  of  the  early  part  of  the  last  century.     Reaumur,  and 

1  -SpaUanzani,  introduced  into  the  stomachs  of  dogs  and  cats 
d  tubes,  made  some  of  brittle  and  others  of  flexible  materials, 
ere  found  quite  unaltered  by  the  action  of  the  stomach,  al- 
:he  portions  of  food  contained  in  them  were  softened  and 

dfi^  tn  the  mucous  membrane  of  the  Stomach. — The  gastrk: 
membrane  of  the  stomach  of  an  animal  killed  during  stomacb 
t  exhibits  a  faintish  red  and  swollen  appearance,  due  evidently 
reased  afl9ux  of  blood,  excited  by  the  stimulus  of  the  food, 
log  this  redness  is  limited  in  a  very  marked  manner  to  the 
wo-thirds,  the  pyloric  third  presenting  a  white  colour  and  a 

appearance,  from  the  existence  of  numerous  minute  folds 
which  stretching  does  not  obliterate.  At  the  same  time  the 
irfoce  of  the  membrane  is  covered  by  a  layer  of  mucus,  which 
its  thickness  and  in  its  viscidity. 

'  be  inferred  from  Beaumont's  observations,  that  similar  phe- 
are  met  with  in  the  human  stomach.  Beaumont  found  that, 
tely  on  the  introduction  of  food  into  the  stomach,  the  vessels 
ucous  membrane  became  more  injected,  much,  no  doubt,  as 
the  conjunctiva  of  the  eye  would  become  filled  on  the  ap- 
of  a  foreign  body ;  and  that  its  colour  became  deeper,  being 

from  a  pale  pink  to  a  deep  red.  A  pu;'e,  colourless,  and 
riscid  fluid,  with  distinct  acid  reaction,  was  then  observed  to 
m  the  surface  of  the  membrane,  and  to  collect  in  drops  at 
x>int8  of  it,  trickling  down  the  wall  of  the  stomach  until  it 
with  the  food.  The  exudation  of  this  fluid  was  always  ex- 
the  contact  of  any  foreign  substance ;  even  so  smooth  a  sub- 
I  the  bulb  of  a  thermometer  invariably  excited  it  on  its  intro- 
and  even  when  it  had  been  previously  ascertained  that  the 
was  empty,  and  exhibited  no  reaction. 
I  fasting  Mr.  Beaumont  observed  no  evidence  of  the  exist- 
nich  a  fluid  as  this,  the  sole  contents  of  the  stomach  being 
ly  a  little  viscid  mucus,  occasionally  slightly  acidulated. 
It  describes  this  fluid  as  being  clear,  transparent,  inodorous, 
nd  resembling  in  taste  thin  mucilaginous  water  slightly  acid- 
ith  muriatic  acid.  It  is,  he  states,  readily  diflusible  in  water, 
spirits,  and  eflervesces  slightly  with  alkaline  carbonates.  It 
»8  albumen,  and  is  powerfully  antiseptic,  checking  putrefac- 
meat.  When  pure  it  will  keep  for  many  months;  but  if 
irith  saliva,  it  becomes  foetid  in  a  few  days.  According  to 
frsis  of  Professor  Dunglison  it  contained  free  muriatic  and 
ids,  phosphates  and  muriates  of  potass,  soda,  magnesia,  and 

lont^s  observations  were  made  during  a  period  extending  be- 
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twecD  May,  1825,  and  March,  1833.  Various  obserraw 
periments,  commencing  from  a  dale  long  antecedent  to  this,  had  M 
to  a  very  generally  received  opinion  among  physiologists  tb»l  \i 
mucous  membrane  of  the  stomach  was  the  seat  of  a  special  secrttion, 
vhich  had  a  great  share  in  atTecling  the  changes  which  the  food  m- 
dergoes  in  the  stomach.  I 

Reaumur  was  the  first  lo  offer  satisfactory  proof  of  the  secreliai 
of  a  solvent  fluid  for  Ihe  purposes  of  digestion  by  the  walls  of  tkt 
stomach.  He  obtained  some  of  this  fluid  by  making  animals  snl- 
low  sponges,  which  he  could  draw  out  of  their  stomachs  hy  a  itiiig 
attached;  and  thus  he  was  enabled  lo  institute  experiments  on  uih 
flcial  digestion,  so  as  to  show  that  alimentary  substances  out  of  Ik 
body  could  be  altered  by  this  fluid  in  the  same  manner  as  ihrjw 
changed  in  the  stomach.  He  likewise  introduced  fond  into  Ik 
stomachs  of  animals  in  perforated  tubes,  whereby  they  were  defended 
from  the  pressure  of  the  walls  of  the  stomach,  but  could  imbibe  in 
fluids.  His  experiments  disproved  the  favourite  theory  of  thed^, 
which  ascribed  all  changes  of  the  food  in  stomach  digestion  to  iW 
influence  of  trituration  upon  it  by  Ihe  action  of  the  muscular  i^<Mtl 
the  stomach :  they  showed  that  the  trituration  in  the  gizzard  of  biidi 
was  no  more  than  mastication  by  teeth  in  other  animals,  and  thit 
digestion  was  accomplished  in  birds  of  prey,  dogs,  &c.,  and  pmbiblj 
in  man,  by  the  action  of  a  fluid  which  exerted  a  solvent  intluHuc 
upon  the  food.  Mem.  de  I'Jicad.  des  Sciences,  an.  1752,  pp.  705- 
752. 

Spallanzani  likewise  illustrated  this  subject  by  numerous  expen- 
ments  upon  vertebrate  animals  of  all  classes,  and  even  upon  hirascli 
Following  the  plan  of  Reaumur,  be  obtained  the  gastric  juiwb; 
means  of  sponges,  and  he  introduced  food  into  the  stomachs  of  iw- 
mals  enclosed  in  perforated  tubes  and  balls.  His  essay  on  the  nb- 
ject  of  digestion  is  one  of  the  most  interesting  dissertations  in  tbt 
literature  of  physiology,  and  is  full  of  facts  proving  the  secrttion  of 
a  fluid  capable  of  reducing  and  dissolving  alimentary  substaocn- 

Stevens  availed  himself  of  a  rare  opportunity  of  investigating  tbt 
effects  produced  on  food  in  the  human  stomach.  A  hussar  had  lo 
customed  himself  at  Ihe  early  age  of  seven  lo  swallow  stones  ux! 
other  hard  bodies;  and,  having  continued  the  practice  during  twrnlj 
years,  what  had  originated  in  idle  amusement  was  now  resorted  K> 
as  a  regular  profession,  to  supply  Ihe  necessaries  of  life.  Wh«i  Df. 
Stevens  first  saw  him,  his  stomach  was  so  distended,  apparcnily  hj 
Ihe  considerable  weight  to  which  it  was  repeatedly  exposed,  ihatht 
could  swallow  several  stones  at  once,  which  were  not  only  feltu 
stomach,  but  might  be  heard  by  the  bystanders  moving  agaiiu' 
other  when  the  hypogastric  region  was  struck. 

Dr.  Stevens  made  this  man  swallow  perforated  silver  halli/ 
taining  sometimes  raw  animal  food,  sometimes  vegetable  subttanMli 
in  general,  raw  animal  substances  suffered  less  than  those  which  mta 
roasled  or  boiled;  roasted  or  boiled  animal  substances  which bM 
been  mechanically  divided  were  most  completely  acted  on;  Ihn 
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\  contained  in  balls  with  large  holes  were  more  completely 
on  than  those  contained  in  balls  with  minute  holes ;  and, 
the  various  vegetable  grains,  as  wheat,  rye,  barley,  oats,  and 
rere  least  of  all  altered,  having  only  become  moistened  and 
1,  while  bone  underwent  no  change. 

Stevens  also  introduced  leeches  and  earthworms  in  his  per- 
i  spheres,  and  found*  that  even  these  animals,  though  intro- 
living,  were  dissolved  as  inanimate  matters.* 
I  Hunter  made  some  observations  which  furnished  an  inter- 
proof  of  the  existence  of  a  solvent  gastric  fluid.  He  was 
with  the  condition  of  the  stomach  in  two  cases  of  sudden  and 

death.  A  man  had  his  skull  fractured  by  a  single  blow  of 
r;  just  before  the  accident  he  was  in  perfect  health,  and  had 
I  hearty  supper.  Upon  opening  the  abdomen,  he  found  that 
mach,  though  it  still  contained  a  good  deal,  was  dissolved  at 
ftt  end,  and  a  considerable  part  of  its  contents  lay  loose  in 
neral  cavity  of  the  belly ;  a  circumstance,  he  adds,  which 
1  him  very  much.  The  second  instance  was  in  a  man  who 
I  St.  George's  Hospital  a  few  hours  after  receiving  a  blow  on 
kd  which  fractured  his  skull.     In  both  these  cases  the  solution 

the  splenic  end  of  the  stomach  ;  the  edges  of  the  opening 
B  mucous  membrane  for  some  distance  within  were  half  dis- 

"  very  mucli,"  says  Hunter,  ^'  like  that  kind  of  digestion 
fleshy  parts  undergo  when  half  digested  in  a  living  sto- 
or  when  acted  upon  by  a  caustic  alkali,  viz.,  pulpy,  tender, 

these  cases,"  Mr.  Hunter  adds,  ^'the  contents  of  the  stomach 
nerally  found  loose  in  the  cavity  of  the  abdomen  about  the 
and  diaphragm  ;  and  in  many  subjects  the  influence  of  this 
ve  power  extends  much  farther  than  through  the  stomach.  I 
[ken  found,  that,  after  the  stomach  had  been  dissolved  at  the 
>lace,  its  contentSf  let  loose,  had  come  into  contact  with  the 
and  diaphragm,  had  dissolved  the  diaphragm  quite  through, 
id  partly  aff'ected  the  adjacent  side  of  the  spleen ;  so  that 
,ad  been  contained  in  the  stomach  was  found  in  the  cavity  of 
»rax,  and  had  even  affected  the  lungs  to  a  small  degree." 
lere  are  very  few  dead  bodies  in  which  the  stomach  at  its 
md  is  not  in  some  degree  digested ;  and  one  who  is  acquainted 
iasection  can  easily  trace  these  gradations.  To  be  sensible  of 
feet,  nothing  more  is  necessary  than  to  compare  the  inner 
i  of  the  great  end  of  the  stomach  with  any  other  part  of  its 
surface :  the  sound  portions  will  appear  soft,  spongy,  and 
ated,  and  without  distinct  bloodvessels,  opaque  and  thick ; 
the  others  will  appear  smooth,  thin,  and  more  transparent, 
e  vessels  will  be  seen  ramifying  in  its  substance  ;  and  upon 
ing  the  blood  which  they  contain  from  the  larger  branches  to 
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the  smaller,  it  will  be  found  to  pass  out  at  the  digested  ends  of  tke 
vessels,  and  to  appear  like  drops  on  the  inner  surface."* 

Hunter  remai^ked  that  solution  of  the  stomach  is  verj  comoMilj 
found  in  fishes,  which  almost  always  die  a  violent  death,  and  fit* 
quently  during  digestion. f 

Dr.  Carswell  investigated  this  subject,  and  obtained  results  m- 
firmatory  of  the  views  of  John  Hunter.  He  killed  rabbits  anddM 
durins  the  digestive  process,  allowing  them  to  lie  for  various  perioSi 
after  death.  If  examined  four  hours  after  death,  he  found  thit  Ae 
solution  had  affected  the  mucous,  submucous,  and  muscular  tonia; 
when  six  hours  had  elapsed,  the  peritoneal  coat  was  found  softend, 
in  addition  to  the  others;  the  stomach  was  consequently  perfonteJ, 
and  the  food  passed  through  the  opening  and  came  in'contactwid 
the  liver,  spleen,  diaphragm,  and  intestines,  one  or  all  of  which  a- 
hibited  the  same  kind  of  softening  as  that  found  in  the  8tomadi,al 
those  places  where  the  -digested  food  touched  the  parts.  In  anotki 
series  of  experiments,  where  the  animals  were  suffered  to  he  fori 
still  longer  period  after  being  killed,  perforation  of  the  diaphnp 
or  oesophagus  had  taken  place,  and  the  liquid  part  of  the  food  U 
flowed  into  the  cavity  of  the  chest,  causing  digestion  and  sofieu^ 
of  the  pleura  and  of  the  lungs.^ 

3.  The  Gastric  Juice, — From  these  various  sources  we  denn  tb 
most  ample  evidence  of  the  existence  of  a  fluid  secreted  by  the  fill 
of  the  stomach  during  digestion,  capable  of  exerting  a  mncingv 
solvent  influence  upon  food.  This  fluid  is  the  gcutrie  juiee^ 
succKS  gastn'cus. 

It  is  of  great  importance  to  a  correct  theory  of  digestion  to  ^^ 
termine  the  precise  composition  of  this  fluid.  Dr.  Prout,  in  tUi 
country,  in  1828,  two  years  prior  to  the  commencement  of  Bcu- 
mont's  experiments,  had  determined  the  existence  of  an  acidM 
secreted  during  digestion,  and  had  analyzed  it  in  the  rabbit,  IM 
horse,  calf,  auii  dog.  And  he  announced,  .as  the  result  of  hisiM^ 
lyses,  '^  that  free  or  at  least  unsaturated  muriatic  acid,  in  no  aail 
quantity,  exists  in  the  stomach  of  those  animals  during  the  digestif* 
process."  And  in  later  publications,  Dr.  Prout  has  reasserted  ito 
statement. 

The  weight  which  is  so  <le.servcdly  attached  to  the  opinion  of  tbi 
eminent  philosopher  has,  no  doubt,  had  great  influence  in  iletorroiB- 
ing  the  prevalent  opinion  in  this  country  in  favour  of  the  viewwhid 
attributes  the  acidity  of  the  gastric  fluid  to  the  existence  of  b^ 
muriatic  acid  in  it.  The  source  of  the  acid,  it  is  generally  belierei 
is  the  chloride  of  sodium  of  the  blood,  which  at  the  mucous  vagt 
brane  of  the  stomach  contributes  muriatic  or  hydrochloric  acid  » 
the  gastric  juice,  leaving  free  soda  to  be  carried  to  the  liver  bytta 
veins  of  the  stomach. 

*  ITuiiter's  Animal  Economy,  Owen's  edition,  p.  119. 

f  S])all:Ln7.ani  continued  Hunter's  statements. 

j  I'M.  Mi'«l.  and  Surjj,  Journal,  vol.  xxxiv.  p.  202.  Sec  also  an  excellent  (lo!in«^ 
tiuu  of  this  pofft-mor/tin  condition,  by  Dr.  Car.swcll,  in  his  '♦  lllu.strutious  of  Uie  El^ 
iju'ntary  Forms  of  Disease,"  art.  Sofieuintf. 
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iment,  howeyer,  shows  that  muriatic  acid  has  little  or  no 
)ower  on  the  food,  and  that  the  reducing  action  of  the  gas* 
[  cannot  be  attributed  to  it  alone.  Albumen  or  moat  sub- 
» the  action  of  water  acidulated  with  muriatic  acid,  and  kept 
)  hours  at  a  temperature  of  100^,  undergoes  no  change 
importance :  neither  substance  exhibits  any  softening  or 
f  to  putrefaction  or  decomposition  of  any  kind.  Similar 
3nts  with  acetic  acid  or  with  phosphoric  acid  lead  to  like 

»lain,  then,  that  the  solvent  powers  of  the  gastric  fluid  are 
simply  to  the  acid  which  it  contains,  whatever  that  may  be, 
;  we  must  look  for  some  other  ingredient  in  it,  which,  either 
in  combination  with  acid,  can  exercise  these  powers.  The 
this  was  given  by  Eberle,  who  adopted  the  expedient  of 

0  water  acidulated  with  muriatic  acid  a  small  piece  of  the 
membrane  of  the  stomach.  By  this  means  he  succeeded  in 
g  a  digestive  fluid  which  reduced  animal  substances  as  per- 
\  the  gastric  juice  itself. 

liscovery  was  of  the  last  importance  to  the  formation  of  a 
theory  of  stomach  digestion,  and  to  exact  views  of  the  nature 
istric  juice.  It  was  soon  followed  up  by  numerous  experi- 
i  Germany,  by  Schwann  and  Miiller,  and  by  Purkinje  and 
leim.  The 'general  result  of  these  experiments  was,  that 
ition  of  a  portion  of  gastric  mucous  membrane  from  the 
reting  stomach  to  an  acidulated  water  produced  a  perfect 
3  fluid;  but  that  no  other  mucous  membrane  would  answer 
pose.  The  following  changes  take  place  on  macerating  meat 
imen  in  a  digestive  fluid :  The  meat  is  broken  down  to  a 
9  pulp;  and  if  the  digestion  have  been  continued  sufiiciently 
is  dissolved.  The  albumen  is  likewise  equally  softened, 
ly  changes. which  take  place  in  a  cubic  piece  of  solid  white 
macerated  in  the  digestive  fluid,  are  very  characteristic. 
i%  become  of  a  pearly  hue,  semi-transparent,  almost  fluid, 

1  down  under  the  slightest  touch  of  the  finger ;  and,  after 
igestion,  the  solid  matters  are  completely  dissolved, 
lolvent  power  of  a  digestive  fluid  made  with  the  mucous 
ne  of  the  stomach  is  strikingly  displayed  if  the  results  of 
stion  of  meat  and  albumen  with  it  be  compared  with  those 
1  by  digesting  pieces  of  the  same  substances  either  with 
acidulated  water  —  muriatic,  acetic,  or  phosphoric  acid 
led— or  with  an  infusion  of  mucous  membrane  without  acid, 
acidulated  fluids  produce  little  or  no  change  in  meat  and 
I  in  the  course  of  twelve  or  twenty-four  hours ;  and  such 
u  is  produced  presents  a  marked  contrast  to  that  caused  by 
tsion  of  mucous  membrane  with  acid.     No  acid,  however, 

to  cause  more  change  than  the   phosphoric.     When  the 

of  mucous  membrane  is  used  without  acid,  rapid  putrescence 

loed.     A  similar  effect  results,  although  with  less  intensity, 

3  use  of  too  little  acid  ;  and,  if  alkali  be  added,  the  putre- 

becomcs  still  more  rapid  and  intense. 
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In  these  experiments,  it  is  of  great  importance  to  pay  close  atten- 
tion to  the  temperature.  It  should  be  within  the  range  of  from  90* 
to  110°,  the  higher  temperature  increasing  the  energy  of  thedigei- 
tive  action.  If  it  reach  the  point  at  which  albumen  is  coagulated, 
all  solvent  change  ceases,  and  the  meat  or  albumen  becomes  hiil- 
ened.  In  a  low  temperature,  likewise,  there  is  no  change;  tk 
digestive  fluid  under  such  circumstances  serving  merely  to  prevot 
decomposition. 

The  antiseptic  potver  of  an  acid  infusion  of  gastric  mncons  nn- 
branc  is  one  of  its  most  remarkable  properties ;  and  in  this  resped 
it  resembles  the  gastric  fluid  itself,  which,  according  to  all  ok^nen, 
is  remarkably  antiseptic,  being  capable  of  checking  the  further  pio> 
gress  of  putrefaction  in  meat  in  which  that  process  had  alreidy 
begun.  This  power  seems  principally  due  to  the  acid,  the  nei- 
tralization  of  which  destroys  it;  and  if  an  infusion  of  mucous  iu» 
branc  to  which  enough  acid  had  not  been  added  become  putreEcati 
its  further  decomposition  may  be  checked  by  the  addition  of  mflR 
acid.  We  have  kept  the  artificial  digestive  fluid  for  many  moBtli 
in  a  bottle  with  a  common  cork  without  its  undergoing  any  chu^ 

The  gastric  fluid  possesses  the  property  of  causing  the  coagnlaM 
of  the  caseine  of  milk;  an  artificial  digestive  fluid  made  from  tb 
mucous  membrane  of  the  true  stomach  of  ruminants  possesses  tb 
same  power,  even  if  its  acid  be  neutralized  by  potass.  This  bet 
has  been  long  known  to  the  makers  of  cheese  ;  and  the  dried  nincM 
membrane  of  the  fourth  stomach  of  the  calf  has  been  used,  noder 
the  ntame  of  rennet,  for  the  purpose  of  coagulating  that  principle  ii 
milk.  That  it  possesses  this  power  independently  of  any  icid  wkid 
it  may  contain,  was  first  pointed  out  by  Berzelius.  Some !«« 
afiirmed  that  this  power  belongs  only  to  the  mucous  membrtne  of 
the  stomach  of  sucking  animals. 

A  fluid  of  such  digestive  power  as  that  above  described  cannot  be 
made  from  any  mucous  membrane  but  that  of  the  stomach.  Tkc 
mucous  membrane  of  the  bladder,  of  the  greatest  portion  of  tk 
intestinal  canal,  is  quite  insufficient  for  this  purpose  ;  but  that  oftbe 
duodenum  appears  to  exert  some  solvent  influence. 

T/ie  Onjanii:  Principle  of  the  Gaatric  Juice, — All  these  facts sbo» 
that  the  gastric  raucous  membrane  contains  some  material,  whicbi 
when  dissolved  or  difl'uscd  in  acidulated  water,  exercises  a  poww 
not  to  be  distinguished  from  that  of  the  gastric  juice  itself.  C» 
this  material  be  isolated  ?  There  is  no  doubt  that  we  can  oLua» 
from  the  mucous  membrane  of  the  digestive  stomach  of  animal*,  w 
organic  substance,  which  exhibits  reactions  in  close  analogy  *i" 
those  of  albumen,  and  which  exercises  a  solvent  or  catalytic  infl"* 
ence  u])on  various  azotized  substances  ;  to  this  substance  Schw»M 
and  MUller  gave  the  name  ^)<7>^//u\* 

Valentin  very  justly  remarks  that  the  organic  combinations  upoo 
which  the  solvent  power  of  the  gastric  fluid  depends,  share  the  MB' 
fate  with  other  contact  substances,  namely,  that  they  cannot  be  ok- 

*  Also  caUcd  f/anteraffej  by  French  writers. 
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ted  in  perfect  purity,  nor  can  their  precise  relative  proportions 
determined  with  exactness.  Pepsine,  therefore,  he  adds,  can 
f  be  regarded  as  an  hypothetical  or  conventional  name  for  an  un- 
mik  mass  which  may  be  separated  by  alcohol,  or  by  lead  and  al- 
ol  in  combination  with  other  bodies.  Nor  do  the  reagents  indi- 
s  any  definite  character — they  only  aiford  conjectural  information. 
Tiew  it  as  a  kind  of  diastase,  whilst  it  does  not  remove  our  diffi- 
\jf  nevertheless  denotes  the  power  of  the  unknown  substance  in 
lore  precise  and  definite  manner. 

Ln  artificial  digestive  fluid  may  be  made  in  the  following  manner. 
;  ft  piece  of  the  mucous  membrane  of  the  stomach  of  a  pig  be 
Berated  in  distilled  water  for  twelve  hours  at  the  temperature  of 
*  or  100^  ;  afterwards,  add  dilute  muriatic  acid  to  the  fluid  until 
edissolves  the  precipitate  which  is  at  first  thrown  down  ;  the  fluid 
■  formed  will  be  found  to  possess  full  digestive  powers,  and  all 
I  properties  of  the  gastric  fluid.  It  is,  in  fact,  an  acidulated  so* 
ion  of  pepsine  in  water.  The  pepsin  e  may  be  precipitated  from 
I  solution  by  some  of  the  reagents  whicn  coagulate  albumen. 
Uoride  of  mercury  will  do  this,  and  render  the  fluid  inert.  Al- 
Kol  and  water  at  the  boiling  temperature  produce  the  same  effect ; 
I  precipitate,  however,  thrown  down  by  alcohol,  is  capable  of  being 
IttBolved  in  water,  and  then,  with  acid,  will  produce  a  digestive 
d.  Tannin  also  precipitates  it.  It  is  evident,  therefore,  that  the 
^tive  fluid  contains  a  principle  capable  of  affording  distinct  re- 
ions.  The  solvents  of  this  principle  are  water  and  dilule  muria- 
or  acetic  acids. 

Ehe  power  which  the  digestive  fluid  has  of  coagulating  caseine, 
Itptndently  of  its  acid,  denotes  that  it  holds  in  solution  some 
leial  agent  derived  from  the  mucous  membrane  of  the  stomach, 
yeohol  added  to  a  fresh  infusion  of  mucous  membrane  throws 
m  a  white  flocculent  precipitate,  which  may  be  collected  on  a 
■r,  and  when  dried  will  produce  a  gray  compact  mass.  This, 
m  redissolved  in  water,  will  exhibit  digestive  powers,  and  these 
rers  are  greatest  when  it  is  united  with  acetic  and  muriatic  acids. 
» obtain  in  this  way  the  nearest  approach  to  the  isolation  of  pep- 

The  Acid  of  tfie  Gastric  Juice. — Of  the  existence  of  an  organic 
Bciple,  a  secondary  organic  compound,  the  product  of  the  secre- 
f  action  of  the  mucous  membrane  of  the  stomach,  no  doubt  can 
Mitertained ;  but  we  can  speak  with  less  certainty  of  the  nature 
the  acid  which  exists  along  with  it  in  the  gastric  fluid  of  the 
mach,  inasmuch  as  recent  observers  have  thrown  a  doubt  upon 

correctness  of  Front's  opinion.     The  following  are  the  most  re- 
it  opinions  put  forward  on  this  subject. 
Blondlot  affirms  that  the  acidity  of  the  gastric  juice  is  due  not  to 

presence  of  a  free  acid,  but  to  the  existence  of  biphosphate  of 
e  as  one  of  its  ingredients.  To  this,  however,  5lelsens  and 
mas  raise  the  objection  that  carbonate  of  lime,  or,  Iceland  spar^ 
eed  in  gastric  juice  for  some  hours,  becomes  corroded  and  suffers  a 
J  notable  diminution  of  weight,  which  can  arise  solely  from  the  pres* 
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cncc  of  a  free  acid.  MM.  Bernard  and  Barreswil  likewise  etita 
some  strong  objections  to  the  views  of  M.  Blondlot  in  a  paper  pnV- 
lished  in  1844.  Thev  show  that  M.  Blondlot  failed  to  obtain  eiFe^ 
vcscencc  by  adding  carbonate  of  lime  to  gastric  juice,  became  Iw 
employed  a  too  much  diluted  fluid ;  on  concentrating  the  gastiie 
juice  a  little,  the  efTect  was  readily  produced.  Admitting  that  i 
free  acid  is  present,  they  deny  that  it  is  hydrochloric  acid,  becaae 
that  acid  exists  in  the  gastric  fluid  only  in  the  state  of  chloride.  If 
a  minute  quantity  of  oxalic  acid  be  added  to  the  gastric  juice,  a  pR- 
cipitation  is  occasioned  by  the  formation  of  insoluble  oxalate  of  lime, 
whilst  an  equal  quantity  of  the  same  reagent,  added  to  distilled 
water  containing  a  two-thousandth  part  of  hydrochloric  acid,  to 
which  chloride  oif  lime  had  been  added,  produced  no  such  effed 
The  lime  of  the  gastric  juice  unites  with  the  oxalic  acid ;  but  thtt 
acid  will  not  displace  lime  from  its  connection  with  hydrochloric  waL 
Nor  is  the  acid  of  the  gastric  juice  free  acetic  acid  ;  the  most  d£- 
cate  tests  failed  to  detect  it.  MM.  Bernard  and  Barreswil  inftr 
that  there  is  in  the  gastric  fluid  a  minute  proportion  of  phosphoric  aeid, 
which,  however,  is  not  the  only  free  acid.  The  lactic  acid,  acoori- 
ing  to  these  observers,  is  the  principal  acid  of  the  gastric  juice,  be- 
cause the  behaviour  of  a  fluid  acidulated  with  that  acid  correspond! 
very  exactly  under  chemical  examination  with  that  of  the  gutrie 
juice.  Thus  the  distillation  of  water  acidulated  with  lactic  leid 
exhibits  exactly  the  same  stages  as  that  of  the  gastric  fluid^fint, 
there  passes  over  only  pure  water,  in  the  next  stage  an  acid  liquid, 
in  which  salts  of  silver  do  not  tlirow  down  a  precipitate,  and  there 
remains  a  strongly  acid  iluid  efTorvoscing  with  carbonates;  in  this, 
remaining  liquid  hydrochloric  acid  may  be  detected,  if  a  minute 
quantity  of  chloride  of  sodium  had  been  added  lo  the  fluid  previoos 
to  distillation. 

The  acid  of  the  gastric  juice  produces  salts  of  zinc,  lime,  baryti, 
and  copper,  similar  to  those  formed  by  lactic  acid  ;  and  MM.  Ber- 
nard and  Barreswil  affirm  tliat  it  readily  decomposes  the  chlorides 
in  concentrated  solutions.  Hence  it  is  tliat  hvilrochloric  ai"«l 
passes  over  in  tlie  la:?t  products  of  the  distillatiuii  uf  the  ga^trlc 
juice. 

Tlle^5e  authors  also  state  that  the  nature  of  the  foo<l  a ppear>  to  ex- 
ercise no  iniluence  upon  the  nature  of  the  acid,  and  that  thev  have 
always  found  free  lactic  arid,  wlietlier  after  an  oxelu.sive  veirvtabk 
or  animal  regimen  continued  for  many  days,  or  after  a  prolongel 
very  sparing  diet. 

l)r,  R.  D.  Thompson,  of  Glasgow,  in  a  paper  published  in  1**45, 
also  disproves  the  oj>ini(Mi  of  l>londlot  by  experiment,  and  C'jffles 
to  the  conclusion  that  the  free  acid  of  the  stomach,  in  the  dii:o>ti'-T» 
of  vegeta])le  matter  at  least,  of  all  the  known  acids  corresponds  onlj 
witli  the  lactic. 

Lehmann  attributes  the  acidity  of  the  gastric  fluid  to  both  free 
hydrochloric  and  lactic  acids.  He  obtained  the  former  from  the 
stoinacli  of  a  dia])etic  patient,  to  whom  he  had  administered  an 
ipecacuanha  emetic ;  and  the  latter  from  the  stomach  of  a  cafi, 
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JQim  which  he  was  able  to  procure  distinct  crystals  of  lactate  of  zinc. 
B  subsequent  researches,  Lehmann  confirmed  this  conclusion  respect- 
tt  the  nature  of  the  acid  of  the  gastric  fluid. 

Xiebig  lends  his  sanction  to  this  doctrine,  and  especially  to  the 
iiw  put  forward  by  Bernard  and  Barreswil,  that  both  lactic  and 
iMwpnoric  acids  exist  in  this  fluid  free,  while  there  is  no  reason  to 
Iniy  the  existence  of  an  acid  phosphate  likewise.  The  opinion 
kit  free  lactic  acid  exists  in  the  gastric  fluid  is  not  new.  It  was 
ttl  forward  by  Chevreul  many  years  ago,  and  afterwards  by  Leuret 
■d  Lassaigne.  In  1823  our  distinguished  friend.  Dr.  Graves,  of 
Mblin,  published  analyses  of  the  fluid  of  the  stomach  from  two  pa- 
iints,  in  which  he  found  free  lactic  acid  in  abundance.  Notwith- 
landing  what  has  been  done  on  this  subject,  it  must  be  confessed 
iMit  the  full  truth  has  scarcely  yet  been  arrived  at.  We  have  yet 
I  learn  whether  the  constitution  of  the  gastric  juice  is  constant — 
tether  the  same  acids  or  acidifying  agents  are  present  in  all  ani- 
lib,  and  under  all  conditions  of  feeding  and  food  ;  and  we  have 
bo  to  ascertain  whether  any  and  what  changes  may  be  produced 
f  disease  in  the  chemical  characters  of  the  gastric  fluid.  The  in- 
mry  taken  up  on  a  large  scale  among  the  lower  animals,  and  ex- 
mded  to  man,  in  health  and  disease,  would,  no  doubt,  yield  most 
aloable  and  interesting  results. 

The  digestive  principle  does  not  seem  to  be  secreted  in  equal 
•antity  or  of  equal  power  at  all  parts  of  the  stomach.  Meat  and 
llmmen,  digested  with  mucous  membrane  from  the  cardia,  is  by  no 
leans  so  much  acted  upon  as  if  digested  with  mucous  membrane 
mn  the  pylorus  or  from  the  central  part  of  the  stomach.  In  the  pig, 
liere  is  a  large  patch  of  the  membrane  of  a  reddish  hue,  and  of 
maiderable  thickness,  forming  that  portion  of  the  mucous  membrane 
Uch  corresponds  to  the  middle  of  the  great^curvature  of  the  sto- 
lach ;  this,  we  find,  exercises  a  more  energetic  action  upon  meat  or 
Bnimen  than  any  other  part. 

It  is  highly  interesting  to  notice  that  the  mucus  which  accumu- 
ilea  upon  the  surface  of  the  mucous  membrane  of  the  stomach  has 
digesting  power  corresponding  to  that  of  the  portion  of  mucous 
lembrane  from  which  it  has  been  taken.  This  we  have  determined 
J  our  own  experiments. 

Nature  of  the  Digesting  Power  of  the  Gastric  Juice. — Having 
taled  the  leading  facts  which  observation  and  experiment  have  de- 
sloped  respecting  the  act  of  digestion  in  the  stomach,  it  remains 
I  inquire  what  is  the  real  nature  of  the  digesting  power  of  the 
■etric  fluid. 

Two  questions  present  themselves  for  consideration :  is  the  digest- 
ig  power  of  the  stomach  a  true  solvent  power,  producing  simply 
solution  of  the  matters  submitted  to  its  action,  without  effecting 
DJ  change  in  their  chemical  constitution?  or  does  the  digestive  fluid 
rercise  a  catalytic  action  on  the  substances  submitted  to  it,  where- 
f  it  effects  a  chemical  decomposition  of  them,  similar  to  that  pro- 
need  in  barley  by  diastase,  whereby  the  starch  of  the  grain  is 
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converted  into  sugar,  or  like  the  action  of  yeast  npon  suear,  wlienbj 
the  latter  is  decomposed  into  carbonic  acid  and  alcohol  f 

To  decide  these  questions,  it  is  necessary  to  examine  the  exut 
nature  of  the  changes  produced  in  the  food  by  stomach  digestion. 

Milk, — If  milk  be  introduced  into  the  stomach,  its  caseine  is  ink 
coagulated  and  afterwards  apparently  dissolved.  The  BoIifSei 
caseine  seems  gradually  to  melt  down  and  becomes  absorbed,  h 
overfed  infants,  milk-curd  appears  in  the  stools  in  considenkk 
quantity,  the  child  having  received  so  much  milk  that  its  hXxmik 
is  unable  to  digest  the  caseine  precipitated  from  it.  When,  how- 
ever, the  quantity  of  milk  is  in  just  proportion  to  the  digestin 
power  of  the  stomach,  all  the  curd  is  digested,  and  therefore  mm 
is  found  in  the  stools. 

Albumen. — White  of  egg  (ovalbumen),  if  swallowed  raw,  is  imiM- 
diately  coagulated  by  the  gastric  juice  and  then  dissolved.  Tie(b- 
mann  and  Gmelin  found  that,  after  three  hours'  sojourn  in  the  sto- 
mach of  a  do^,  albumen  was  dissolved,  forming  '^  a  yellowish  mueoM 
liquor,**  which  coagulated  readily  by  heat. 

Coagulated  albumen  becomes  softened  down  and  dissolved  in  tk 
fluids  of  the  stomach,  from  which  it  may  again  be  precipitated  by 
heat  or  nitric  acid. 

In  experiments  with  the  artificial  digestive  fluid,  we  find  thtt  if 
the  fluid  in  which  albumen  had  been  digested  be  carefully  filtered 
and  subjected  to  heat  and  nitric  acid,  a  copious  precipitate  of  albi- 
men  will  take  place. 

Meat  is  softened,  gelatinized,  and  dissolved,  and  albumen  ma?  be 
precipitated  by  heat,  nitric  acid,  or  ferrocyanate  of  potass  from  the 
liquids  obtained  from  the  stomach. 

Vegetable  Substances, — In  all  the  experiments  upon  animals  of  ibe 
carnivorous  kind  (cats,  dogs),  bread,  potatoes,  and  other  vegetable 
substances  underwent  change  much  more  slowly  than  animal  matteR^ 
and  they  became  softened  by  admixture  with  the  fluids  of  the  sio- 
mach  and  appeared  partially  dissolved. 

Boiled  starch,  in  Tiedemann  and  Gmelin's  experiments,  underwent 
solution,  and  tlion  did  not  exliibit  its  characteristic  blue  col oiu"  villi 
iodine.  In  a  dog,  killed  five  hours  after  a  meal  of  boiled  siaroLthe 
contents  of  the  stomach  underwent  no  change  of  colour  with  i'.Mline, 
but  appeared  charged  with  sugar  and  witli  a  kind  of  gum  of  iiarcli 
{dextrine).  In  another  dog,  similarly  fed,  and  killed  three  lours 
afterwards,  the  starch  wliich  was  dissolved  did  not  react  in  the  usuil 
manner  with  iodine,  but  some  portions  not  yet  dissolved  did  exhibit 
the  characteristic  reactions.  It  would  seem  that  inimediatelr  the 
starch  becomes  dissolved  by  the  gastric  fluid  it  loses  its  characterisiic 
property  of  forming  the  blue  iodide  of  starch.* 

In  the  artificial  digestion  of  starch,  with  the  mucous  membrane  of 
the  human  stonuicli,  we  have  not  succeeded  in  producing  any  change 
in  the  starch:  it  still  evinced  its  usual  reaction  with  the  iodine  tcs[. 

*  Tic<lciiiann  and  (Jindin,  lU'clK'rche.'j  sur  In  higcstion,  par  Joiii-ilniri,  t.  i.  |'.  ^'40. 
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kve,  however,  found  that  starch  digested  for  some  time  in  this 
irolyed  a  peculiar  sour  smell  like  that  of  cheese, 
chardat  and  Sandras  report,  respecting  the  influence  of 
;h  digestion  upon  starch,  and  upon  amylaceous  elements,  difier- 
irom  Tiedemann  and  Gmelin.  They  state  that  they  have  been 
!  to  obtain  any  evidence  of  the  conversion  of  starch  into  sugar ; 
either  by  fermentation,  nor  by  the  polarizing  apparatus  of  M. 
lave  they  succeeded  in  procuring  any  indication  of  the  exist- 
>f  sugar  in  the  digested  substances;  and  they  were  equally 
(essful  in  detecting  the  formation  of  dextrine.  Lactic  acid, 
er,  appeared  to  them  to  be  formed  in  much  larger  quantity 
k  meal  of  starch  than  after  one  of  fibrine  or  of  gluten.  These 
ers  likewise  state  as  the  result  of  their  experiments,  that  in 
iman  subject,  and  in  the  carnivora,  feculent  substances  are 
?d  with  extreme  slowness,  and  not  at  all  unless  the  integument 
starch-grain  have  been  ruptured  by  boiling. 
by  or  oily  substances,  as  suet,  fat,  oil,  butter,  or  wax,  undergo 
nge  in  the  stomach,  according  to  Bouchardat  and  Sandras, 
he  lapse  of  some  hours,  and  may  be  found  in  that  organ  un- 
3d,  in  the  midst  of  other  matters  upon  which  the  stomach 
ses  a  solvent  action. 

I  we  have  observed  in  our  own  experiments ;  and  on  perusing 
S.  notes  of  the  results  of  various  experiments  made  thirty 
ago  by  Sir  B.  C.  Brodie,  and  with  great  kindness  placed  at 
sposal  by  him,  we  find  the'following  statement:  "When  dogs 
sd  on  lard,  the  lard  passed  into  the  small  intestine  unchanged." 
^ould  seem  to  be  the  most  reasonable  conclusion  which  we  can 
)  from  the  preceding  statements,  that,  in  man  and  the  car- 
,  the  fluid  secreted  by  the  stomach  during  digestion  simply 
es  animal  and  vegetable  substances  of  the  azotized  kind,  with- 
tering  their  chemical  constitution,  leaving  amylaceous,  oily, 
rine,  and  the  allied  substances  but  little  or  not  at  all  acted 

Chyme. — The  mass  that  is  contained  in  the  stomach  after 

on  has  been  going  on  for  four  or  five  hours,  and  which  is  com- 

known  by  the  name  of  chyme^  consists  of  aliments  dissolved, 

^ned  and  prepared  for  solution  or  other  change  by  the  gastric 

As  they  are  mostly  of  the  same  kind,  this  mass  presents  a 
en  ecus  appearance,  except  when  substances  are  present  which 
require  a  longer  sojourn  in  the  stomach  or  are  only  digestible 
le  lower  portion  of  the  intestinal  tube. 

e  of  Stomach  Digestion. — The  process  of  stomach  digestion  is 
one.  In  the  artificial  digestions  above  referred  to,  it  took 
ight  to  twelve  hours  to  produce  any  marked  effect  upon  the 
of  meat  and  albumen  submitted  to  the  action  of  the  digestive 
This,  however,  is  much  longer  than  the  natural  process.  Ac- 
g  to  Dr.  Beaumont's  researches  upon  Alexis  St.  Martin,  it 
iree  or  four  hours  before  the  stomach  became  empty  after  a 
consisting  chiefly  of  azotized  food — and  his  tables  show  that 
ean  time  required  for  the  digestion  of  the  principal  animal 
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substances  in  commcp  use,  such  as  butcher's  meat,  fowl,  game,  m 
from  two  hours  and  three-quarters  to  four  hours. 

In  experiments  on  dogs,  it  has  been  found  by  most  expeiimenten 
that  no  great  advance  in  the  solution  of  the  contents  of  the  Btonuk 
is  made  under  from  two  to  four  hours.  Gosse,  who  posseseed  Ae 
power  of  disgorging  the  contents  of  his  stomach  by  previously  Sid- 
lowing  a  quantity  of  air,  found  that  no  change  had  taken  place  ii 
the  food  after  it  had  remained  half  an  hour  in  the  stomach:  after tk 
lapse  of  an  hour  he  found  the  food  much  softened — ^bat  not  redvecl 
in  weight:  while,  after  two  hours,  it  was  not  only  much  softened bn 
considerably  reduced  in  quantity,  so  that  he  could  not  return  bm 
his  stomach  more  than  half  what  he  had  taken.* 

Purkinjc  and  Tappcnhcim  found,  in  their  experiments  upon  ini- 
ficial  digestion,  that,  by  gently  shaking  the  tubes  in  which  the  pn- 
cess  of  digestion  was  going  on,  it  became  accelerated.  This  aocm 
with  what  daily  experience  points  out  to  us,  namely,  that  agreeiUc 
and  lively  conversation  during  a  meal,  or  gentle  exercise  after  om, 
invariably  promotes  the  primary  stages  of  digestion. 

Violent  exercise  after  meals  retards  digestion,  most  probably  tf 
preventing  the  constant  action  of  the  gastric  fluid  npon  the  pieces  of 
food  in  it — the  movements  of  the  body  causing  frequent  change  of 
place  in  the  morsels  of  food. 

The  use  of  alcoholic  stimulants  also  retards  digestion,  by  coagu- 
lating the  pepsine,  and  thereby  interfering  with  its  action.  Ven 
it  not  that  wine  and  spirits  arc  rapidly  absorbed,  the  introduction  of 
them  into  the  stomach  in  any  quantity  would  be  a  complete  bar  to 
the  solution  of  the  food,  as  the  pepsine  would  be  precipitated  from 
solution  as  quickly  as  it  was  secreted  by  the  stomach. 

AhBorption  hf  the  Stomach. — An  important  question,  to  which  as 
yet  wc  can  give  no  certain  reply,  is  as  to  what  becomes  of  the  food 
after  it  has  been  duly  dissolved  by  the  fluids  of  the  stomach.  \Vhen 
we  find  how  completely  albuminous  and  fibrinous  substances  are  dis- 
solved by  digestion  in  the  natural  or  artificial  gastric  fluid,  it  cannot 
be  doubted  that  they  arc  in  a  state  fit  for  absorption  while  yet  in  the 
stomach,  nor  can  there  be  any  good  reason  to  deny  that  a  consiaer- 
able  quantity  must  be  absorbed  without  passing  further  on  in  ihe 
alimentary  canal.  The  great  rapidity  with  which  liquids  of  a  simple 
and  limpid  kind,  or  the  aqueous  solutions  of  certain  salts,  as  iodide 
of  potassium,  the  alkaline  carbonates,  &c.,  find  their  way  into  ihc 
blood,  denotes  tliat  this  must  take  place  very  quickly  after  they  have 
been  swallowed,  and  that  the  bloodvessels  of  the  stomach  must  l-e 
the  principal  channel  through  which  they  efl'ect  their  entrance  into 
the  circulating  system,  and  it  scarcely  admits  of  doubt  that  the  JL^* 
solved  aliments  are  removed  through  the  same  channels. f 

The  venous  blood  of  tlie  stomach  passes  to  the  vena  port«. 
Hence,  matters  absorbed  by  the  sanguiferous  system  of  the  stuuiach 

*  (Eiivros  do  Sp!jllnnzsuii,  par  Senchicr,  t.  ii. 

t  Wc  have  dotecti'il  iiMliiu'  in  the  saliva  and  urine  in  twontv  ininuto5  after  a  s-'luti'-n 
of  a  few  ^Trains  of  iudide  of  potassium  in  a  large  quantity  of  water  had  been  M»all<'vw 
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by  a  very  direct  route  to  the  liver,  and  probably  excite  that 
^and  to  increased  secretion  for  the  purpose  of  digestion  in  the 
mall  intestine. 

The  gastric  fluid  dissolves  perfectly  only  the  fibrinous  and  albumi- 
lona  animal  substances,  and  probably  also  the  glutinous  or  azotized 
Mirtion  of  vegetable  food ;  we  must  suppose,  therefore,  that  it  is  only 
hme  portions  of  the  solid  aliments  which  are  absorbed  by  the  sto- 
iach.  Drinks,  as  water  and  various  other  liquids,  fermented  or  not, 
ve,  doubtless,  likewise  in  great  part  absorbed  in  the  same  way. 
IlD  other  kinds  of  food,  and  such  remaining  portions  of  the  azotized 
r  liquid  aliments  as  have  escaped  absorption  by  the  stomach,  after 
iftving  undergone  to  a  certain  extent  maceration  in  it,  are  pushed 
awards  into  other  parts  of  the  digestive  tube,  there  to  undergo  fur- 
ber  changes  to  fit  them  for  being  absorbed. 

MrvLctation  and  Vomiting, — As  there  can  be  no  doubt  that  the 
lovements  of  the  stomach  are  capable  of  pushing  on  the  food  to- 
rsrds  the  intestinal  canal,  it  appears  prima  facte  extremely  proba- 
le  that  the  same  muscular  forc^  may  cause  it  to  evacuate  its  contents 
hroagh  the  oesophagus,  if  there  be  any  obstacle  to  their  downward 
ftssage,  too  strong  to  be  overcome.'*'  The  muscular  coat  of  the 
fcomach,  pressing  by  its  passive  contraction  upon  its  contents,  will 
Aoae  them  to  pass  in  that  direction  which  offers  the  least  resistance. 
Tow,  in  a  state  of  health,  the  food,  in  order  to  return  by  the  oeso- 
hmgus,  must  not  only  overcome,  the  passive  contraction  of  the  mus- 
alar  coat  of  that  tube,  but  it  must  also  ascend  against  gravity. 
loreover,  the  action  of  the  fibres  of  the  splenic  extremity  of  the 
tomach  favours  the  passage  of  the  food  toward  the  pylorus.  Hence, 
ot  only  is  there  least  resistance  at  the  pylorus,  but  there  is  likewise 
I  VM  d  tergoy  which  favours  the  propulsion  of  the  food  in  that  direc- 
km. 

When,  however,  air  accumulates  at  the  cardia  in  such  quantity  as 
9  distend  that  portion  of  the  stomach,  it  opens  the  oesophagus  by 
to  expansile  force,  and  from  its  lightness  rushes  up  the  oesophagus, 
urrying  with  it  sometimes  liquid  or  solid  food.  When  air  is  gene- 
ated  in  large  quantity  and  with  great  rapidity,  it  is  wonderful  how 
mth  may  escape  in  this  way,  and  large  quantities  of  food  may  be 
liflcharged  from  the  stomach  at  the  same  time,  solely  by  the  con- 
nective force  of  the  large  bubbles  of  air  ascending  from  it.  This  is 
ruetation — it  seems  due  solely  to  the  presence  of  a  large  quantity 
f  air  in  the  stomach. 

Vomiting  is  an  act  of  a  more  complex  character  than  eructation; 
»7  it  solids  and  liquids  may  be  expelled  from  the  stomach  through 
ne  oesophagus,  even  contrary  to  gravity.  We  must  assume  that  a 
lecessary  condition  for  the  production  of  the  act  of  vomiting  is  the 
existence  of  obstruction  at  or  near  the  pyloric  portion  of  the  stomach, 
vhich  prevents  or  opposes  the  passage  of  the  gastric  contents  in  that 

*  The  old  and  still  prevalent  notion  of  an  inversion  in  the  action  of  the  stomach  is 
Host  probably  erroncons.  The  inversion  is  only  apparent,  not  real.  See  an  able  paper 
>j  I>r.  Brinton  on  this  subject. — Lorid,  Mtd,  Oazette,  1849. 
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direction.  Probably  the  whole  of  the  pyloric  third  of  the  stomid 
is  strongly  contracted  under  the  circumstances  which  ordinarily  gira 
rise  to  vomiting;  and  the  contents  of  the  viscus  having  been  accun- 
lated  in  its  cardiac  two-thirds,  are  thus  brought  into  more  immednte 
and  direct  communication  with  the  oesophagus.  The  pylorus  beag 
closed  against  them,  the  stomach  contents  are  forced  through  Ae 
oesophagus,  not  only  by  the  muscular  contraction  of  the  stoniA 
itself,  but  also  by  that  of  the  abdominal  muscles  and  the  diaphngB.^ 

It  is  probable  that  where  a  very  complete  obstruction  exists  at  or 
near  the  pylorus,  as  in  cases  of  hernia  and  other  mechanical  obstaclei, 
the  act  of  vomiting  partakes  much  of  the  nature  of  an  overflow,  and 
requires  no  more  than  the  action  of  the  muscular  coat  of  the  stomid 
itself.  The  slight  effort  which  accompanies  the  discharge  of  the 
stomach's  contents  in  cases  of  this  description,  denotes  this.  Bit 
when  vomiting  is  caused  by  an  emetic,  or  is  the  result  of  sea-sick- 
ness, or  of  nervous  irritation,  as  in  stimulation  of  the  fauces,  or  it 
brain  disease,  an  active  and  almost  convulsive  contraction  of  tke 
diaphragm  and  abdominal  muscles  accompanies  it,  and,  no  doaUi 
constitutes  the  principal  expelling  force.  These  muscles,  by  thdr 
simultaneous  forcible  contraction,  form  two  plane  surfaces,  one  pisf* 
ing  downwards  and  backwards,  the  other  nearly  vertically  dom* 
wards,  which  are  approximated  very  closely  to  each  other,  and  com- 
pressing the  stomach  between  them,  cause  the  forcible  ejection  of  its 
contents  in  that  direction,  which  offers  least  or  no  resistance,  namelji 
through  the  oesophagus. 

The  act  of  vomiting  is  ushered  in  by  a  deep  inspiration,  daring 
which  the  diaphragm  is  firmly  contracted.  Just  at  this  moincni  the 
abdominal  muscles  contract  forcibly  and  almost  convulsively.  Thus 
an  effort  at  expiration,  in  whicli,  doubtless,  other  muscles  take  part, 
besides  those  of  the  abdominal  walls,  (quickly  succeeds  the  act  of  in- 
spiration.  But  the  diaphragm  docs  not  become  relaxed  as  in  ordi- 
nary expiratory  efforts,  because  the  air  is  only  very  partially  and 
slowly  expelled.  For,  at  the  same  time  that  the  abdominal  muscles 
and  the  diaphragm  are  thrown  into  contraction,  thoso  of  the  glottis 
arc  exerted  to  a  like  convulsive  action,  and  maintain  a  partially  do^J 
state  of  the  glottis  which  resists  the  expulsion  of  air  from  the  luugs 
and  keeps  them  in  a  certain  state  of  distension  until  the  effort  of 
vomiting  is  over,  when  the  diaphragm  relaxes  and  complete  expirii- 
tion  takes  place.  That  there  cannot  he  complete  closure  of  the 
glottis  in  the  effort  of  vomiting,  is  shown  by  the  fact  that  that  act  is 
very  frecjuently  accompanied  by  a  loud  explosive  noise,  which  iiiii^t 
be  formed  in  an  open,  although  a  resisting  glottis. 

Dr.  Anderson  has  shown  by  direct  experiment  that  when  iloi; 
vomit  under  the  influence  of  tartar  emetic,  the  diaphragm  is  forcl-'lv 
contracted,  lie  introduce<l  his  finger  into  the  abdomen,  an*!  t'«niul 
that  during  each   effort  of  vomiting   the   diaphragm   became  ton^' 

*  The  jKnvor  nrivtiirniii;r  pDi-tions  ot'tho  IVmhI  at  will  (rutninntiink),  \\\\\A\  s^'ju'  n-'"' 
Imvo  aciulr.'il,  is  cflToi'tiMl  hv  ji  sumu';;  Y.ihmtarv  oontractinii  «.t' tlio  tivN-nc  iii'iM-lf,  a'li 
by  ox|ml.-<i\r  liloi't-;  ojnTatin;!  diivctly  «in  tho  car.lia  purliuii  of  tlii'  M"ii:a«l:.  ^liii'li '■•- 
thus  expel  its  coiitoutjj  uuly  in  tlie  upwai**!  (lirocti«>n. 
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had  rigid,  and  descended  towards  the  abdomen.  And  this  he  found 
»ok  place  even  when  the  trachea  had  been  previously  opened;  whence 
re  ma  J  infer  that  the  force  of  the  expiratory  muscles  is  spent 
lUefly  upon  the  stomach.* 

A  warm  controversy  took  place  in  the  last  century,  and  was  re- 
ri?ed  in  the  present,  with  reference  to  the  share  which  the  stomach 
itoelf  takes  in  the  act  of  vomiting.  Many  high  names  in  physiology 
took  part  in  this  discussion,  some  maintaining,  among  whom  was 
Ibhn  Hunter,  and  subsequently,  Magendie,  that  the  stomach  was 
^irfectly  passive,  and  that  the  abdominal  muscles  and  the  diaphragm 
vere  the  sole  agents  of  expulsion ;  while  others,  as  Haller,  Rudolphi, 
ke«,  allowed  that  the  contractions  of  these  muscles  only  assist  the 

S^nlsive  efforts  of  the  stomach,  which,  in  some  instances,  may  act 
ependently  of  the  surrounding  muscles.  Maingault  affirmed  that 
be  had  seen  vomiting  occur  after  the  division  of  the'  diaphragm  and 
die  abdominal  muscles,  and  Rudolphi  made  the  same  assertion.  And 
ihe  Committee  of  the  French  Academy  appointed  to  investigate  the 
piestion,  admitted  that  it  needed  only  a  very  slight  external  pres- 
nre  to  produce  vomiting,  and  that  distinct  contractions  of  the  mus- 
mlar  coat  of  the  stomach  were  seen  during  the  act  in  the  neighbour- 
lood  of  the  pylorus.  The  question  is  one  which  cannot  be  decided 
iy  cruel  experiments,  unless  it  can  be  shown  in  several  instances 
UAt  vomiting  can  take  place  under  conditions  which  render  the  ab- 
iominal  muscles  and  diaphragm  incapable  of  acting ;  such  evidence 
vould  unequivocally  demonstrate  the  activity  of  the  stomach.f  But 
dhe  opposite  experiments,  such  as  the  non-occurrence  of  vomiting 
when  the  abdominal  muscles  and  diaphragm  have  been  paralyzed, 
IT  its  occurrence  when  an  inert  bag,  as  a  pig's  bladder,  has  been 
mlMtituted  for  the  stomach,  the  external  muscles  being  intact  (as  in 
ICagendie's  noted  but  most  cruel  experiment),  lead  to  no  conclusion, 
fbr,  in  the  one  case,  the  violence  done  so  impairs  the  conditions 
Mcessary  for  the  act  (both  nervous  and  muscular)  that  it  cannot  be 
Bzpected  to  take  place ;  and  in  the  other,  the  substitution  of  the  inert 
bag,  and  the  section  of  the  oesophagus,  are  favourable  to  the  escape 
df  fluids  from  the  former  and  through  the  latter,  under  the  slightest 
pressure. 

The  nervous  changes  which  take  place  in  the  act  of  vomiting  are 
of  the  most  interesting  kind.  It  must  be  borne  in  mind  that  this 
aet  may  take  place — 1,  from  the  introduction  of  certain  substances 
into  the  stomach,  some  of  which,  as  bile,  mustard,  common  salt,  not 
becoming  absorbed,  must  act  simply  by  the  impression  they  make  on 
the  mucous  membrane ;  2,  by  the  introduction  of  emetics,  as  tartar 
emetic,  into  the  blood,  or  by  the  presence  of  certain  morbid  poisons 

*  See  Anderson,  Lond.  and  Edin.  Monthly  Journal,  1844.  In  this  paper,  Dr.  Ander- 
•on  hafl  given  a  complete  refutation  of  Dr.  Marshall  Hall's  supposition  that  the  dift- 
pliragm  is  inactive  in  Tomiting. 

^  M.  L'Epione  records,  in  the  Bulletin  de  TAcad^mie  de  M^ecine,  a  case  in  point 
A  man's  abdomen  was  torn  open  by  a  horn,  and  the  stomach  wholly  protruded.  For 
half  an  hour  it  was  seen  rejMiatedly  and  forcibly  coutractiug  itself,  till,  by  its  own 
tfforts,  it  expelled  all  its  contents  except  the  gases. — See  Paget's  Report  for  1845. 
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in  that  fluid ;  3,  by  mental  emotion,  as  that  excited  by  the  si^htof 
a  disgusting  object ;  4,  by  irritation  at  the  base  of  the  brain.  Vomit- 
ing may  be  caused,  therefore,  citlier  by  the  direct  application  of  i 
stimulus  to  the  gastric  surface,  or  by  the  disturbance  of  some  partoi 
the  brain  through  the  presence  of  particular  substances  in  the  llood, 
that  is,  by  causes  operating  from  periphery  to  centre,  or  by  cauH 
acting  directly  on  the  centre  itself.  Either  the  disturbing  cuse, 
as  tartar  emetic  in  the  blood,  nfiects  the  medulla  oblongata,  in  vhick 
are  implanted  the  vagi  nerves ;  or  some  of  the  fibres  of  these  nenti 
propagate  to  the  centre  the  effects  of  the  peripheral  irritation  at  the 
gastric  mucous  membrane.  When  the  medulla  oblongata  is  thron 
into  excitement  by  any  of  the  causes  above  mentioned,  certain  motor 
nerves  implanted  in  it  are  stimulated  to  action,  and  the  abdomiul 
muscles,  the  diaphragm,  and  the  muscles  of  the  larynx  as  vvll  u 
the  muscular  fibres  of  the  stomach  and  oesophagus,  are  throvn  inti 
that  combined  action  which  is  essential  to  the  production  of  actiit 
vomiting. 

When  vomiting  is  the  result  of  a  peripheral  stimulation,  it  affonb 
a  remarkable  example  of  a  reflex  or  physical  nervous  action  of  tk 
most  complex  kind,  in  which,  from  the  excitation  of  a  few  sentint 
nerves,  the  nervous  force  is  made  to  radiate  upon  several  musda 
and  to  excite  to  simultaneous  and  combined  action  some  which  oso- 
ally  antagonize  each  other,  and  are,  therefore,  never,  excepting  it 
this  act,  in  the  same  condition  at  the  same  time.  We  allude  to  tk 
abdominal  muscles  and  the  diaphragm ;  the  former  as  muscles  of 
expiration  being  the  habitual  antagonists  of  the  latter,  which  is  tke 
great  muscle  of  inspiration.  In  short,  the  excitation  of  the  ner?o« 
centre,  which  is  sufficient  to  cause  vomiting,  gives  rise  to  a  forcible 
act  of  respiration,  in  which  the  act  of  expiration  is  so  powerfuDj 
opposed  by  the  contracted  state  of  the  constrictors  of  the  larjnx, 
the  diaphragm  also  remaining  in  strong  contraction,  that  the  miii 
force  of  the  expiratory  muscles  is  directed  to  compress  the  stomadi 
against  the  latter  muscle. 

On  the  subjects  of  this  chajjt^T,  see  the  various  works  itii  Anatomy,  ami  tho  priaripJ 
Byfitems  of  Pliyrfiolo^y  i>reviously  referred  to  :  (Euvres  «le  Spallun/ani ;  Tii'-i'-niunri'-J 
Gineliti  sur  la  DigestiiHi;  Hunter's  AniniaHKconinny,  by  Owen :  Kherle.  I'liv.-i-'id' 
der  Venhiuunp,  lH;i4  ;  Simon's  Chemistry,  by  Diiy;  Dumus.  Traito  de  Thiriiii". '■  «=• 
viii.  (IHlJjj;  JJesiuniont  ou  Di^e.stion;  Jiloudlot  sur  hi  Digestion:  Dr.  Kirke>?p»rfl- 
lent  Manuni  of  l*liysioh)«:y ;  IJouclianlat  and  ^Sandras,  roinptes  K(>n<Ius  i-r  l^H. 
Bernard  and  liarreswil,  Comptes  Uendus,  l^^^l ;  I'r.  K.  1).  Thompjion,  Lnnd.  .Mei'^J* 
1845. 
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natamy  of  the  Intestinal  Canal. — The  intestinal  canal  com- 
ses  at  the  pylorus  and  terminates  at  the  anus.  It  exhibits  a 
obvious  subdivision  into  two  portions :  a  narrower  and  much 
er  portion,  disposed  in  numerous  coils  or  convolutions,  which  is 
id  the  small  intestine  (intestinum  tenue)  ;  and  a  much  wider  but 
ter  portion,  the  large  intestine  (intestinum  crassum).  The  length 
16  whole  intestinal  canal  in  the  adult  is  between  thirty  and  forty 
,  or  about  six  times  that  of  the  body :  the  small  intestine  forms 
sixths  of  this. 

here  is  a  very  distinct  natural  demarcation  between  these  two 
ions  of  the  intestinal  canal ;  the  large  intestine  commences  by 
lated  cul-de-sac^  which  communicates  on  its  inner  side  with  the 
11  intestine.  This  portion,  which  is  the  widest  part  of  the  large 
Btine,  is  lodged  in  the  right  iliac  fossa ;  it  constitutes  the  com- 
cement  or  the  head  of  the  colon,  and  as  it  forms  a  blind  extrem- 
or  cul-de-sac  beyond  the  junction  of  the  small  intestine  with 
i  is  named  caput  caecum  colij  or  commonly  csecum.  Connected 
t  it  is  a  remarkable  appendix,  which  proceeds  from  its  inner  and 
«rior  part,  and  hangs  down  into  the  pelvis  in  a  slightly  curved 
J,  which  gives  it  the  appearance  of  a  worm  (lumbricus),  and  re- 
ing  support  from  a  small  fold  of  peritoneum.  This  is  called  the 
fndix  cwci  vermiformis.  It  is  a  small  process  from  the  caecum, 
ow,  cylindrical,  in  size  rather  larger  than  a  goose-quill,  about 
e  inches  long,  and  ending  in  a  blind  extremity  which  lies  free  in 
pelvis,  but  having  a  free  communication  with  the  csecum  where 
attached  to  that  intestine.  The  largo  intestine  commencing  at 
part  ascends  from  the  right  iliac  fossa,  through  the  right  lumbar 
3n,  as  high  as  the  concave  surface  of  the  liver ;  this  forms  the 
t  or  ascending  colon;  at  the  liver  it  turns  to  the  left  and  passes, 
a  arched  form,  across  tha  abdomen  from  the  right  to  the  left 
)chondrium,  thus  forming  the  transverse  colon^  or  the  arch  of  the 
t ;  it  then  turns  downward,  passes  through  the  left  lumbar  re- 
to  the  left  iliac  fossa  ;  this  portion,  which  is  straight,  or  nearly 
B  the  left  or  descending  colon.  In  the  left  iliac  fossa  the  intes- 
becomes  somewhat  curved,  and  is  rather  loosely  attached  to  the 
of  the  pelvis ;  its  curve  resembles  the  letter  S  ;  this  portion, 
inates  in  the  pelvis^  and  is  named  the  sigmoid  flexure  of  the 
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colon  ;  lastly,  this  becomes  continuous  with  the  pelvic  or  tf^rmiad 
portion  of  the  intestine,  which,  although  far  from  being  straight,  ii 
designated  intesttJium  rectum,  or  commonly  the  rectum.  This  open 
externally  at  the  anu^,  its  mucous  membrane  becoming  continM 
with  the  skin  at  that  orifice. 

The  small  intestine  is  arranged  in  many  convolutions,  and,  liA 
the  exception  of  its  upper  portion,  the  duodenum^  it  is  quite  loose  ii 
the  cavity  of  the  abdomen,  and  even  in  that  of  the  pelvis,  occnpji^i 
the  central  part  of  those  cavities.  The  large  intestine  or  eohi 
embraces  it  on  the  right,  above,  and  on  the  left.  Three  portions  <i( 
the  small  intestine  have  always  been  recognized  by  anatomiitt, 
which,  although  not  distinguished  by  any  well-marked  extern! 
boundaries,  exhibit  in  their  mucous  membrane  features  (to  be  pMSttd 
out  hereafter)  which  form  their  most  appropriate  means  of  di8till^ 
tion.  The  upper  portion  is  sufficiently  distinct  from  the  rest  bj  ill 
dilated  form,  its  horseshoe  curve,  and  by  being  closely  fixed  to  tk 
spine,  in  the  greatest  part  of  its  extent,  by  peritoneum.  This  is  Ik 
duodenum :  it  forms  about  the  first  twelve  inches  of  the  small  iatei- 
tine. 

The  middle  portion  of  the  small  intestine  is  the  jejunum,  and  tke 
terminal  portion  is  the  ileum.  These  have  no  external  mark  to  dis- 
tinguish the  one  from  the  other.  The  jejunum  is  wider  thtn  tk 
ileum,  and  its  coats  arc  thicker ;  the  intestine  tapers  as  it  approtito 
the  caecum. 

The  whole  intestinal  tube  is  more  or  less  completely  covered  W 
the  serous  membrane  of  the  abdomen,  the  peritoneum.  The  duode- 
num above  and  the  rectum  below  arc  least  covered  by  it ;  the  restii 
almost  entirely  enveloped,  a  small  portion  being  left  uncovered  iriieR 
the  bloodvessels  enter  the  intestine,  and  where  the  peritoneum  pioes 
to  the  abdominal  wall.  Each  portion  of  intestine  is  attached  totk 
abdominal  wall  by  a  process  of  peritoneum,  the  duodenum  and  the 
rectum  very  closely,  the  rest  more  or  less  loosely.  The  process  of 
peritoneum  which  connects  the  small  intestine  to  the  spine  utk 
mesentery,  and  each  portion  of  the  largo  intestine  is  connected  to 
the  corresponding  re^jjion  of  the  abdominal  wall  by  a  process  of  peri- 
toneum, which  is  designated  by  prefixing  the  word  vie^o  (uteos  me- 
dins)  to  the  name  of  the  particular  portion  of  intestine:  thus  wfif'- 
cffcum  is  the  j)rocess  which  connects  the  caecum  to  the  iliac  fossa; 
mesocolon,  right,  transverse,  left,  is  that  which  belongs  rospeciivdj 
to  the  three  portions  of  the  colon  ;  and  the  mesorectum  connects  the 
rectum  to  the  concavity  of  the  sacrum. 

Attached  to  the  colon  are  small  processes  of  peritoneum,  contain- 
ing fat,  and  called  appendices  epiploicvn,  from  their  resemblance  to 
the  epiploon,  or  great  omentum,  which  descends  from  the  great  cum- 
ture  of  the  stomach  and  from  the  transverse  colon,  like  a  curtain,  in 
front  of  the  small  intestine. 

The  Intestinal  (Utnnl  in    V*rt<hrata. — Tlio  into.'»tln!\l  canal  is  disposeii  in  the  A"*' 
VvTtolirat*'  fluH.-io  niin'h  (ni  'tlio  sairu'  jiliin  as  in  tlio  luininn  8uhjoct :  — 

In  ^Y.*Af«,  the  intestinal  canal  exliihits  for  the  most  part  a  very  simple  confirmati-c 
In  many  fidbes  it  passes  quite  straight,  or  very  nearly  so,  through  the  body:  wheai' 
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exhibit  conTolations  they  are  few  and  short,  and  rarely  to  any  great  extent  A 
ie  TaWe  is  i^nerally  present,  separating  the  intestine  firom  the  stomach ;  imme- 
ly  snoceeding  to  this  yalre,  the  intestine  generally  experiences  a  dilatation,  whence 
adually  contracts  to  its  terminal  portion,  which  again  becomes  dilated.  This 
on  corresponds  to  the  large  intestine,  and  commonly  a  Talynlar  fold  of  the  mncoas 
brane  is  present  at  its  union  with  the  preceding  portion;  it  terminates  in  a  cloaca 
ion  to  it  with  the  genital  and  urinary  organs.  In  some  fishes,  howcTer,  no  dila- 
a  ii  found,  nor  any  external  distinction  between  the  stomach  and  intestine,  and 
sua!  from  the  oesophagus  to  the  anus  is  of  unifo'rm  caliber.  Immediately  below 
ryloris  we  Tcry  commonly  find  a  series  of  tubular  prolongations  from  the  intestine, 
lnftting  in  blind  extremities.  These  constitute  the  tgjp^ndieet  pylorktg^  or  pyloric 
lea,  which  most  comparatiye  anatomists  consider  to  supply  the  place  of  a  paren- 
latofiu  pancreas.  These  appendices  vary  condderably  m  both  number  and  site. 
tmrmuetetJUnu  there  are  oxdy  two  rery  short  ones,  placed  opposite  each  other  at 
■VBt  sides  of  the  intestine  ;*  in  ammodyiet  tobianut  there  is  only  one ;  in  BUnniut  and 
tnttemt  there  are  only  two,  so  small  that  Wagner  compares  them  to  the  follicles 
B  proventricnlus  of  birds ;  there  are  from  ten  to  thirty  in  many  species  of  Cliwea 
Mno,  and  in  the  genera  Oadus  and  Scomber  (the  common  mackerel,  for  example), 
)  are  as  many  as  two  hundred,  f  On  the  other  hand,  they  are  entirely  absent 
lay  fishes.  Again,  in  some  they  are  simple,  in  others  they  become  snbdlTided  or 
died  at  their  blind  extremities,  and  in  odiers  still  these  branches  undergo  subdi- 
I,  and  the  resemblance  to  the  glandular  formation  is  enhanced  by  the  fiust  that 
branchings  are  connected  by  means  of  cellular  membrane  and  bloodjessels. 
RepHUs^  the  intestinal  canal  differs  from  that  in  fishes  chiefly  in  haTing  under- 
a  alight  increase  of  development.  The  division  into  large  and  small  intestine  is 
lei  throughout  the  class,  and  often  an  ileo-cscal  TaWe  is  present.  In  Ophidia, 
■aU  intestine  presents  numerous  short  convolutions  at  acute  angles ;  the  large 
ine  ends  in  a  cloaca.  The  intestinal  canal  is  longest  in  the  CAcSmui,  and  next 
lem  in  the  Crocodiles.  In  the  Chelonia,  the  line  of  distinction  between  the 
and  small  intestine  is  not  so  distinct  as  in  the  rest,  and  the  muscular  coat  is 
rkable  for  its  great  thickness.  The  tortoises  have  a  short,  wide,  and  cylindrical 
m,  which  is  continuous  without  interruption  with  the  large  intestine :  Uiev  have 
I  circular  ileo-ciecal  valve.  {  The  great  thickness  of  the  muscular  coat,  uid  the 
It  total  obliteration  of  the  canal  during  its  contracted  state,  constitute  one  of  the 
striking  peculiarities  of  the  intestine  in  Chelonian  reptiles.  In  Batraehia,  the 
enee  between  large  and  small  intestine  is  very  distinct,  being  chiefly  indicated  by 
cnee  of  caliber,  and  in  frogs  a  circular  ileo-coecal  valve;  in  the  toad,  however, 
ia  a  small  ctccum,  without  an  ileo-ccccal  valve.  In  most  of  the  Saurian  reptiles  there 
Kcom,  according  to  Meckel,  and  generally  an  ileo-ciecal  valve :  in  the  Crocodile 
■Ito  is  present  but  the  csecum  absent 

Mirdt,  the  intestinal  canal,  although  longer  than  either  in  fishes  or  reptiles,  yet 
la  considerable  simplicity  of  form.  It  presents  much  variety  in  length  and  in  the 
ler  of  its  convolutions,  according  to  the  food  and  habits  of  the  bird.  The  duode- 
which  immediately  follows  the  gizzard,  has  always  the  form  of  a  long  fold,  which 
ins  the  pancreas  in  it.  The  small  intestine,  more  or  less  folded  in  different  orders, 
nates  in  a  short  and  somewhat  wide  large  intestine,  at  the  commencement  of 
1  are  two  cseca,  one  on  each  side  of  the  intestine.  These  c«eca  vary  considerably 
igth  from,  almost  simple  papilloDform  offsets,  as  in  the  Soland  goose,  {  to  processes 
feet  in  length,  as  in  the  grouse.  It  sometimes  occurs  that  there  is  only  one 
m.  The  large  intestine  is  short  and  straight,  and  is  continued  ttom  the  termina- 
>f  the  small  intestine,  without  fold,  to  the  cloaca.  There  is  connected  with  the 
intestine  an  appendage,  the  remains  of  the  duct  of  communication  between  the 
bag  and  intestine  in  the  chick.  In  some  birds  this  appendage,  which  is  said  to 
rroid  of  a  muscAlar  tunic,  is  as  large  or  larger  than  the  cseco. 
much  diversity  exists  in  the  form,  length,  and  arrangement  of  the  intestinal  canal 
B  different  orders  of  Mammalia,  that  it  will  be  necessary  briefly  to  state  its  pecn- 
ies  In  each  order. 

Camivora,  wc  find  examples  in  which  the  intestinal  canal  is  remarkably  short  in 
ion  to  the  length  of  the  body.  The  small  intestine  has  but  few  and  simple  con- 
ions:  it  opens  into  a  short  cnecum  (convoluted,  however,  in  the  dogs),  which 
!ely  differs  in  width  from  the  rest  of  the  large  intestine.  The  proportion  in  the 
h  of  the  intestinal  canal  to  that  of  the  body  varies  from,  according  to  Meckel,  five 

*  Figured  in  Carus's  Anat.  Comp.  pi.  iz.  Fig.  20. 

t  R.  Wagoer,  Vergleicbend.  Anatom. 

X  Meckel.  ^  Sir  E.  Home's  Comp.  Anat  pi.  civ. 
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to  one,  as  in  the  cats  and  dogs ;  to  ciglit  to  one,  and  nine  to  one,  as  in  the  hyeMai 
bear;  or  to  fifteen  to  one,  as  ascertained  by  Meckel,  in  Phoca  vUdima.  The  large  !!• 
testine  is  shorter  and  wider  than  the  small ;  it  is  cylindrical  in  form,  not  iaeralBlid,M 
in  man  and  many  others. 

In  Imectivora^  the  intestinal  canal  is  short,  and  without  CflBcnm,  the  ^ainctcrkiii 
pretty  uniform  throughout.  In  Sorex,  according  to  Meckel,  its  lengtb  is  totkiloTihi 
body  as  tliree  to  one,  in  the  hedgehog  as  six  to  one ;  in  a  mole  examined  bj  oandn^ 
which  measured  from  snout  to  tail  seyen  inches,  the  intestinal  canal,  from  pjfanm 
anus,  measured  four  feet  three  inches. 

In  the  Cheiroptera,  a  Tcry  marked  distinction  exists  in  the  form  of  the  intcitinalcnl 
between  the  frugiTorous  and  insectivorous  genera.     In  the  former,  as  in  Pun/m^k 
presents  numerous  coils,  and  is  in  length  seren  times  that  of  the  body — the  cacaii 
absent     lu  the  latter,  the  canal  is  extremely  short.,  bearing  to  the  length  of  tbebviy 
the  proportion  of  two  or  tlirec  to  one  as  in  Ve*pertUio  noctula.     Much  Tariety  eiiiQi 
as  regards  both  the  form  and  length  of  the  intestinal  canal  in  the  Edentata,    Tk  ii- 
tiuction  between  large  and  small  intestine  is  not  evident  in  many  of  the  genera,   h  Ai 
Jlanii  and  Bradyptu  there  is  no  trace  of  a  ccccum ;  on  the  other  hand,  the  two4ori 
ant-eater  {Myrmecophaga  didactyla)  has,  according  to  Daubenton  and  Meckel,  two  fldH 
and  narrow  csecal  appendages  resembling  Uiose  of  birds,  situated  at  thecoafiBHrf 
the  two  portions  of  the  intestine ;  the  orifices  of  these  cteca  aro  so  small  that  the  iMd 
mutter  cannot  find  its  way  into  them.     Mr.  Owen  has  preserved,  in  the  Uuiteriucek- 
lection,  a  specimen  from  Uie  weazel-headed  armadillo  (Datypu*  muatelwiu\  d  tw 
similar  coBca  between  which  the  ileum  terminates.     The  terminal  aperture  of  lUt» 
testine  is  of  a  slit-like  form,  and  from  its  position  between  the  coeca  it  admlti  tihm% 
effectually  closed  by  the  lateral  pressure  of  the  contents  of  the  coecA.* 

Great  length  and  wide  caliber  are  the  characteristics  of  the  intestiud  caul  ia  Jh^ 
minantfy  Soliped^,  and  Pachydermata.  In  the  sheep,  which  belongs  to  the  nwml 
order,  the  intestine  is  in  length  thirty  times  that  of  the  body,  and  in  the  hone.  Mean- 
ing to  a  measurement  made  by  us,  the  intestinal  canal  was  eighty-seven  and  a  Uf 
feet  in  lengtli.  There  are  numerous  convolutions  of  the  small  intestines  in  each  of  tkH 
orders,  and  a  large  capacious  caecum,  from  which  the  wide  and  convoluted  coha  ii 
continued.  In  Ruminants,  neither  the  ccecum  nor  the  colon  is  sacculated  by  hngitii- 
iiml  bamls,  whilst  both  the  SoJipedt  and  Pachydermata  exhibit  the  sacculated  chanctff  ii 
a  very  miurkcd  degree,  and  the  bands  of  longitudinal  muscular  fibres  are  veiy  Ufjklf 
developed,  extending  from  the  blind  extremity  of  the  ctecum  to  the  rectum.  Tberi 
is  no  ileo-cascul  valve,  properly  so  called,  in  these  orders,  but  the  passage  froa  tb* 
ileum  to  the  civcum  (a  foot  and  a  half  long  in  the  horse)  is  very  much  contracted,  mA 
its  inner  membrane  thrown  into  six  or  eight  thick  longitudinal  folds,  which  areclNcty 
applied  to  each  other  and  keep  the  canal  closed.  The  ciccum  in  each  of  the  ai/n 
is  very  capacious ;  in  the  Ruminants,  the  capacity  of  this  portion  of  intestine  mm- 
what  exceeds  that  of  the  fourth  stomach,  according  to  Meckel.  In  the  Sclifdi.  ikf 
caecum  is  still  more  capacious.  Meckel  asserts  that  it  is  capable  of  centuBuy 
more  than  throe  times  as  much  liquid  as  the  stomach.  In  Pachydermata,  the  cscu 
is  shorter  and  wider  than  in  the  other  orders,*  it  is,  according  to  Meckel,  less  capscivU 
than  the  stomach. f 

Tlio  Rndeniia  have,  in  general,  a  very  lonp  and  convoluted  intestinal  canal.  Thf 
small  intostiiie  has  a  mesentery  of  con.siderahle  longth  ;  its  calilier  is  small  and  J^ivnv 
iinit'onn  throiifthout,  being  however  largi-st  superiorly.  In  most  of  the  Rodmf  fuMn 
the  Ciecuiii  is  of  very  jrreat  size,  ami  in  ij»»me  it  occupies  a  large  ]K>rtiim  of  ibi-aM'- 
miiial  cavity;  in  the  omnivorous  ro«lents,  however,  as  the  rat,  the  csecuni  is  "f  fn^-'^ 
diinensittns.  The  whole  large  intestine  is  cellulated,  the  cells  being  fumicU  hvlocgi- 
tudiual  fibres  an<l  circular  constricting  ones. 

In  the  genus  Myoxus  (ilormouse),  the  c;vcum  is  entirely  absent,  the  only  exoeii-ti'i- 
acconliijg  t«»  Meckel,  to  tlie  presence  of  this  cavity  in  the  rodent  rtrder. 

la  the  Mtintujiiiifr  animals,  the  distinction  between  large  and  small  intestine  isfW.' 
marked  ]>\  the  presence  of  u  ciecum.  The  small  intestine  is  long,  and  in  sorae^-'n 
wido:  ilie  c;ecum  is  of  moderate  length  and  wi<lth,  its  capacity  Wing  much  U-liiirihai 
of  the  stomach. 

The  chief  peculiarity  of  the  intestinal  canal,  in  the  Mnuotrcmata^  is  to  Ik.' fpiintl  il ''' 
inferior  extremity,  where  a  cloaca  exists  connnou  to  the  rectum  with  the  nriiu>-i:-n'*-' 
organs.     A  small  ciecimi  sei)arates  the  lonj;  and  small  intestine. 


*  C.itnjopne  oftho  Iluiiterian  Museum,  vol.  i.  pp.  219,  72.9,  A. 
t  S»'e  Sir  E.  Home's  plutca  of  the  caeca  tif  sever; 


rcrai  mammifcrous  animalv,  plater  cj::i-* 
fq.  vol.  li. 


THE  INTESTINAL  CANAL  IN  VERTBBRATA.  671 

The  Cetareoua  mammalia  have  an  intestinal  oanal  of  considerable  length.  The  length 
^  the  canal  In  the  zoophagous  cotacea  is  to  that  of  the  body  as  eleven  or  twelve  to 
Mie.  (Meckel. )  According  to  CaTicr,  the  proper  whales  have  no  division  between  large 
had  small  intestine,  and  consequently  no  ciecum.  This  is  the  case  in  the  porpoise.  In 
*^m  HaUma  Roatrata,  however,  according  to  Hunter,  and  in  all  the  Balance  according 
!•  Cuvier,  a  small  csocum,  not  unlike  that  of  camivora,  exists.  In  the  herbivorous 
the  intestinal  canal  is  of  proportionally  greater  lengtli  than  in  the  zoophagous 
In  the  dugong^  according  to  Meckel,  its  length  exceeds  forty  times,  and  in 
iamantiM  of  Kamtschatka,  twenty  times  that  of  the  body. 

The  Quadntmana.  The  length  of  the  intestinal  canal  in  this  large  order  of  Mammi- 
presents  very  remarkable,  variety,  which  is  the  more  curious  as  the  nature  of  the 
bod  is,  with  few  exceptions,  similar  in  the  various  genera.  The  proportion  of  the 
■^gth  of  the  intestinal  canal  to  that  of  the  body  is  in  some  as  eight  to  one,  whilst  in 
itficrs  it  is  only  as  three  to  one.*  The  divisioa  into  two  portions  is  effected  in  the 
■me  manner  as  in  the  liuman  subject,  and  the  general  arrangement  of  both  small  and 
intestine  is  very  similar  to  those  of  man.  A  crecum  exists  in  all  the  genera^  but 
considerable  variety  as  to  lengtli :  an  increased  length  of  this  portion  of  intes- 
loog  with  a  larger  development  of  the  splenic  extremity  of  the  stomach  being 

ployed  in  some  cases  to  compensate  for  a  deficiency  in  the  length  of  the  intestinal 
The  orangs  and  gibbons  have  the  peculiarity,  which  they  alone  possess  in  com- 
Mm  with  man,  of  a  process  from  the  cascum,  some  inches  in  length,  denominated  the 
wmuform  cppmtdix. 

From  tbe  preceding  brief  review  of  the  anatomical  characters  of  the  intestinal  canal 
n  the  Tcrtebrate  classes,  we  gather,  that  this  portion  of  the  digestive  tube  diminishe!« 
n  eomplexity  as  we  descend  from  mammalia  to  fishes :  that  a  short  and  simple  intestinal 
■nal  is  generally  coexistent  with  a  diet  of  animal  food;  and,  on  tlie  other  hand,  that 
,  diet  of  vegetable  food,  or  a  coi^oint  animal  and  vegetable  diet  requires  greater  lengtli 
nd  {^ater  complexity  in  the  form  and  structure  of  the  intestines.  In  estimating  the 
BB^h  of  the  intestinal  canal  we  must  not  confine  our  examination  to  a  mere  external 
■eeiireinent,  as  we  should  thereby  be  led  to  a  very  erroneous  conclusion.  Deficiency 
a  length,  as  measured  on  the  exterior  of  the  intestine,  may  be  supplied  by  increased 
ridth — ^by  a  more  highly-developed  state  of  the  villi  of  the  mucous  membrane — by 
,«meroa8  folds  of  that  membrane ;  and  the  energy  of  the  action  of  the  mucous  mem- 
on  the  contents  of  the  intestine,  may  be  augmented  by  the  greater  number  and 
of  the  glands  which  pour  out  their  secretions  on  its  surface.  It  may  further  be 
~,  that  as  the  several  portions,  whether  of  small  or  large  intestine,  have  very 
Mnite  characters  as  regards  tlie  mucous  membrane,  we  can  readily  determine  the 
dative  length  and  development  of  each  portion,  and  thus  deduce  its  proper  degree  of 
i^Myrtance  in  intestinal  digestion.  But  upon  these  points  it  is  much  to  be  regretted 
hftt  we  are  greatly  in  want  of  precise  information ;  we  are  persuaded  that  nothing 
ronld  tend  more  to  the  correct  determination  of  the  office  performed  by  each  portion 
f  the  intestinal  canal  than  a  scries  of  careful  observations  with  special  reference  to 
Afttomical  characters  on  the  intestines  of  a  great  number  of  animals. 

Much  Importance  is  attached  by  Physiologists,  and  apparently  with  good  reason,  to 
he  size  and  form  of  the  csccum.  It  is  difiicult,  however,  and  in  the  present  state  of 
mr  knowledge  impossible  to  determine  the  law  which  influences  its  development. 
ieTertheless,  it  may  be  stated  that  there  appears  to  be  a  direct  relation  between  this 
Icrelopment  of  the  intestine  and  the  hardness  of  digestion  of  the  food :  in  some  in- 
tences  we  find  that  a  large  coocum  compensates  for  a  less  capacious  stomach,  as  in  the 
fotijpeds^  and  in  these  cases  tlicre  exists  even  a  striking  similarity  in  the  forms  of  those 
wo  organs.  A  large  csecum,  then,  belongs  to  the  herbivorous  classes,  ob  » large  sto- 
nach  does,  and  a  small  caecum  would,  on  the  other  hand,  indicate  a  diet  of  animal  food. 
Uiatomy  would  seem  to  point  to  the  conclusion  that  the  function  of  the  ciBCum  is  not 
lissimilar  to  that  of  the  stomach,  and  that  in  it  substances  hard  of  digestion  are  sub- 
eetcd  a  second  time  to  a  inducing  action  resembling  that  of  the  stomach.  Perhaps 
he  anomaly  which  we  have  noticed  in  the  dormouse,  in  the  absence  of  a  ciecum,  may 
>e  exp]aine<l  on  the  supposition  that  this  accessory  digestive  cavity  was  rendered  un- 
leeessary  in  consequence  of  the  existence  of  the  glandular  pouch  at  the  cardiac  orifice 
»ff  the  stomach  in  that  animal. 

The  subdivision  of  the  intestinal  canal,  in  man^  into  the  small  and 
large  intestine,  by  the  difference  in  caliber  of  those  two  portions  of 

*  Vide  a  table  in  Meckcl*B  Anat.  Comp.  (French  ed.)  torn.  tIII.  p.  773. 
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that  tube,  as  well  as  by  the  existence  of  an  ileo-csecal  TaWe,  bi 
already  been  described.  There  are  other  characteristics,  hoieTs, 
of  anatomical  constitution  which  likewise  sufficiently  diitingniik 
them.  The  whole  of  the  intestinal  tube  is  composed  of  cotait 
tunics,  which,  enumerated  from  within  outwards,  are  as  follom:  1, 
the  mucous  membrane;  2,  the  submucous  tissue;  8,  the  mucikr 
coat;  4,  the  serous  coat,  which  is  connected  to  the  tunic  lastniMl 
by  a  thin  layer  of  very  delicate  areolar  tissue.  Of  these  toniei,  tk 
mucous  membrane,  the  muscular  coat,  and  the  serous  coat,  exhibit, 
on  the  whole,  very  distinctive  characters  in  the  two  diyisions  of  tk 
intestine. 

The  mucous  membrane  continuous  with  that  of  the  stomieha- 
hibits  very  characteristic  features  in  the  different  portions  of  tb 
intestine.  We  shall  reserve  the  description  of  it  until  we  bre 
spoken  of  the  other  tunics. 

The  submucous  tunic  is  a  layer  of  very  fine  areolar  tissue,  vlud 
connects  the  mucous  to  the  muscular  coat;  it  is  entirely  deroid of 
fat,  and  presents  the  same  characters  throughout  the  whole  intci- 
tinal  canal.  Placed  immediately  underneath  the  mucous  membriMi 
it  constitutes  the  medium,  through  which  the  various  sanguifenMi 
and  other  vessels  and  the  nerves  pass  to  that  membrane. 

The  muscular  coat  of  the  small  intestine  consists  of  two  layers  er 
planes,  which  differ  from  each  other  as  regards  the  direction  ef 
their  fibres.  The  external  plane  is  composed  of  longitudinal  fibraii 
continuous  superiorly  with  the  longitudinal  fibres  of  the  stomad; 
they  form  a  continuous  tunic  surrounding  the  intestine,  and  eztewi- 
ing  from  the  pylorus  to  the  caecum.  G.  B.  Albinus*  states  that 
they  exist  only  as  a  band  a  finger-breadth  broad,  and  corresponding 
to  the  concave  border  of  the  intestine,  along  which  the  mesentciyis 
attached,  and  to  this  ho  attributes  the  concavity  which  the  inflated 
intestine  presents  towards  the  mesentery.  We  have  no  doubt,  Imw- 
ever,  that  the  longitudinal  fibres  form  a  continuous  tunic  aroand  the 
intestine,  though  they  are  strongest  along  the  line  of  attachment  of 
the  mesentery,  and  are  very  apparent  m  that  situation,  at  times 
when  they  are  indistinct  elsewhere.  The  circular  fibres  are  mock 
more  distinct  than  the  longitudinal ;  the  direction  of  which  thejcnt 
at  right  angles.  They  surround  the  intestine  in  a  circular  manner, 
not  spirally,  as  some  anatomists  have  asserted. 

The  muscular  tunic  of  the  large  intestine  is  likewise  disposed  in 
two  layers  of  fibres.  The  external,  however,  does  not,  as  in  the 
small  intestine,  form  a  uniform  layer  round  the  intestine,  but  i* 
developed  chiefly  in  three  bands,  about  half  an  inch  wide,  ifith  a 
few  intervening  longitudinal  fibres.  These  bands  commence  at  the 
root  of  the  vermiform  appendix  of  the  coecura,  and  extend  in  this 
form  to  the  rectum,  where  they  become  expanded,  and  form  a  eon* 
tinuous  tunic  over  the  whole  intestine.  The  longitudinal  bands  are 
shorter  than  the  intestine  ;  the  effect  of  this  is,  to  produce  a  puck- 

*  Specimen  AnHtomicura  cxliibens  novam  tenuium  Ilominis  Intostinorum  Vticrf- 
tionein.     Lugd.  But.  1724. 
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of  all  its  coatB  at  certain  interrala  throtighont  the  whole 

of  the  colon.  At  these  pointB  the  colon  appears  to  he  oon- 
d,  as  hy  a  ahorter  handle  of  circalar  fibres,  and  its  nncons 
rsne  projects  into  the  interior,  forming  large  folds.  These 
separate  sacculated  portions  of  the  intestine,  which  are  the 
f  the  colon,  and  the  convex  bnlgings  seen  on  the  exterior  of 
Sated  large  intestine  are  the  walls  of  these  cells.  The  circu- 
res  are  arranged  in  the  same  manner  as  in  the  small  intestine, 
spread  uniformly  over  the  surface  of  the  intestine. 
tM  Mueoua  Membrane  of  the  Intettinal  Canal. — The  intesti- 
acons  membrane  so  far  resembles  that  of  the  stomach,  that  it 
:hfl  compound  Tariety  (see  ante,  p.  546) ;  and  its  thickness  is 
I  by  the  involution  of  multitudes  of  tubes,  which  terminate  in 
closed  extremities,  and  rest  vertically  upon  the  snbmucons  tis- 

Most  of  the  tubes  remain  undivided  from  their  open  to  their 
.  extremities,  some  are  bifurcated  towards  the  blind  extremity. 
tube  has  a  separate  orifice  on  the  free  surface  of  the  mucous 
rane,  except  in  the  upper  part  of  the  duodenum,  and  in  the 
a,  where  they  open  by  sets  of  three  or  more  on  the  floors  of 
w  cells,  as  in  the  stomach.  These  tabes  are  commonly  called 
rkiihn'B  foUiclet ;  but  they  were  first  described  by  Brunn,  or 
ler,  who  has  given  a  good  delineation  of  them  ;  and  their  real 
a  was  not  known  to  LieberkUhn,  who  regarded  them  as  muscles, 
examining  thin  vertical  sections  of  the  mucous  membrane  from 
art  of  the  intestine,  we  see 

tubes  closely  set  parallel  Fig.  157. 

th  other ;  tbey  are  straight, 
excepting  that  here  and 
one  IB  bifurcated,  they  ex- 
no  irreenlarity  or  bulging 
£tr  walls,  and  are  pretty 
rm  in  diameter  throughout 
l«igth(Fig.l57).  All  the 
mta  of  the  mucous  mem- 
I  oontribnte  to  their  forma- 

the  basement-membrane, 
pithelium,  and  the  submu- 
Usane,  which  is  sparingly 
Meed  between  them. 
e  epithelium  is  columnar  or 
'himnar ;  the  cells  are  dis- 
\  in  a  single  layer,  with  one 
idherent  to  the  basement- 
irane.  The  cast-off  parti- 
often  fill  each  tube  as  mu- 
irhich  escapes  at  the  orifice,  on  the  free  surface  of  the  mucous 
brane.  These  tubes  are  ahorter  in  the  large  than  in  the  small 
tine ;  and  ae  the  thickness  of  the  mucous  membrane  is  de- 
ent  on  their  length,  we  find  it  less  thick  in  the  former  than  in 
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the  latter  intestine.     Tlie  mucous  membr&ne  is  thickest  -when  tW   ' 

tubes  ore  most  developed,  namely,  in  the  jejunum. 

Lieberkiihn's  follicles  are  doubtless  secreting  agents,  reseabliag 
in  that  respect  the  tubes  of  the  Btomick 
Fig.  158.  Probably  their  oSicG,  in  reference  to  X\t 

intestinal  contents,  is  the  same  thnngfc' 
out  the  whole  intestinal  tabe,  ai  atj 
present  everywhere  so  much  auifDniutj 
of  arrangement  and  stmctnrei  and  u 
each  portion  of  the  intestine  possene) 
other  and  peculiar  glands.  As  yet,  how- 
ever, DOthing  is  known  respecting  dtt 
nature  of  the  mucus  which  ia  secreted  hj 
them. 

By  the  infinite  multitude  of  minnlt 
and  microscopic  involutions  which  fom 
Lieberkiihn's  follicles,  the  extent  of  iv 

— _..,.,^^^_™~,™„„™^M......   ^^'^^  "^  ^'^^  mucous  membrane  is  enoi^ 

mtmlniiauAVuiivIumnarti'lthMriim  mOUSlv  increased.  It  19  Still  ftUthcr  »■ 
of  tbOt  milt,  wUli  111*  vnOmr  lf»™     ,  j    i      .i.  •  ^  r  ■  m 

wbirbaniwniUiriu)<n<.  o.  KvniinK-  largcd  by  the  existence  of  variQQi  foni 
Sto"i3rrf"tt^'''tu7iII.'™i."S^!w'M  and  processes,  which  project  into  the 
i™^«ru»tubi-.  N.>gi>ifl«i  WD  di-    cavity  of  the  intestine  ;   these  we  lUl 

"■  Vli"'''4'h!l*™'''SSUtai'illl^l!  ^'^^  proceed  to  describe. 
In  uiu  oumh  dh«tiun  hu  Kmi  to        Of  the    ValvulcB   Conntvefitti,  Felii, 

SSl^VjMkiJlJrf'^'Bii«ho'iw'i«ui  and  Villi.— The  mucous  membrane  of 

™iI^i.irTi^ii/rf1u"«i>,"'i."-N  t''<=   sin»'l   intestine   exhibits    nnineroM 

^uHi^pmniinii.-.  r.  inujTmi  jut-  foliJs   which,  small,  irregular,  and  resm- 

ftnn  i-f  Uw  nil  uf  tLa  tube.    Uu^lDuil     ,  ,.  ,  i.      i     °  ,      .       i 

swdiiuiiMtn.  bung  the  rugro  ot    the  stomach  in  tu 

superior  tJiird  of  the  duodenum,  assans 
a  much  more  definite  form,  and  are  much  more  highly  developed  in 
tho  remaining  ]>ortions  of  the  small  intestine,  but  especially  in  tJM 
jujunuin. 

Tlie  irregular  foldings  of  the  upper  portion  of  the  dnodennin 
very  soon  cxliihit  the  tendency  to  assume  a  transverao  direeiioa 
with  reference  to  tho  axis  of  tlio  intestine.  In  the  miiMIc  ati'l 
inferior  portions  of  the  duodenum  wo  find  numerous  tran-'^KKi' 
jduitiiigs  or  folds,  from  one-oiglith  to  a  i[uarter  of  an  inch  in  ilcptb. 
These  are  simple  folds  of  the  compound  mucous  uicinbranc,  incMnij 
n  [iroeosa  of  the  submucous  aieohir  tissue  ;  they  are  called  rn/rtc'r 
comiiventcg,  from  their  viilvular  form,  and  from  their  moTinien;; 
uniler  water  resembling  the  flapping  of  valves,  or  the  wiiikir.j 
motion  of  the  eyelids.  Each  fold  passes  round  the  intestine  ('•( 
about  three-fourlhs  or  five-si.vtlis  of  its  circumference,  grailiwllT 
diminii^hirig  in  deptli  towards  each  e.xtreinity,  but  sometimes  bififf* 
eating  ami  coalescing  hy  one  or  both  subdivisions,  with  the  fyU 
above  and  below.  In  the  lowest  part  of  the  duodenum,  and  in  lii" 
jcjmmm,  tlie  t'ahulw  coiniireiitrs  ac([uire  their  highest  developmiW. 
Here  thvv  lie  very  clo.sc  tugothor,  and  many  of  them  pa.*3  noarlr 
round  tho  intestine ;  they  arc  dcepor,  also,  here  than  elsenlii^ri'i 
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eing  Bometimes  half  or  three-fourths  of  an  inch  in  depth.  In  the 
earn  they  ghtduallj  diminish  in  length  and  in  depth,  frequently 
oi  passing  round  more  than  one-half  the  circumference  of  the 
itestine,  and  measuring  not  more  than  one-fourth  or  one-eighth  of 
II  inch  in  depth ;  and  in  the  lowest  part  of  the  ileum  they  almost 
atirely  disappetir. 

It  is  remarkable  that  these  folds  are  peculiar  to  the  human  sub- 
let. No  other  animal,  so  far  as  we  know,  exhibits  any  arrange- 
lent  of  transverse  folds  of  the  intestinal  mucous  membrane  resem- 
Ung  them. 

Tike  folds  of  mucous  membrane  in  the  large  intestine  are  the 
artitions  between  the  cells  of  the  colon ;  they  exhibit  much  uni- 
»inity  of  shape,  although  they  vary  very  much  in  size ;  they  are 
WBt  developed  in  the  sigmoid  flexure.    ^ 

At  the  junction  of  the  ileum  with  the  caecum,  there  are  two  folds 
hich  bound  the  slit-like  aperture  of  communication  between  the 
mall  and  the  large  intestine.  These  are  the  segments  of  the  ilea- 
weal  valve.  The  aperture  is  a  simple  slit,  which  passes  nearlv  hori- 
DDtally  from  before  backwards,  and  is  bounded  on  all  sides  by 
meous  membrane.     Its  lower  border  is  formed  by  the  free  edge  of 

deep  semilunar  fold  of  mucous  membrane,  inclosing  submucous 
Hue,  and  a  few  circular  muscular  fibres ;  and  another  fold,  of 
lach  less  depth,  but  of  similar  shape  and  constitution,  form  its 
pper  lip.  This  latter  fold  has  a  more  horizontal  direction  than  the 
nrmer,  which  is  nearly  vertical.  The  folds  coalesce  in  front  of  and 
ehind  the  aperture,  and  form  small  bands,  called /ra?na,  and  which 
dlow  for  a  short  distance  the  course  and  direction  of  the  segments 
f  the  valve.  The  free  margins  of  these  two  segments  come  in  ap- 
osition  in  the  distended  state  of  the  csecum,  and  close  the  aperture, 
r  at  least  diminish  and  constrict  it  so  much  as,  in  general,  to  pre- 
ent  the  reflux  of  any  but  liquid  or  much-subdivided  matters  into  the 
nail  intestine. 

In  the  rectum,  there  are  folds  of  various  sizes  and  directions, 
hich  are  most  numerous  in  the  empty  state  of  the  ^t,  and  are 
Faced  by  its  distension.  The  late  Mr.  Houston,  of  Dublin,  has 
escribed  certain  permanent  folds,  or  valves,  of  semilunar  shape, 
Uch  he  demonstrated  by  moderately  distending  the  rectum  with 
leohoK  which,  at  the  same  time,  hardens  its  tunics,  and  thus  dis- 
laya  their  condition  in  the  state  of  repletion.  Three  is  the  average 
limber ;  but  sometimes  a  fourth  is  found,  and  at  other  times  only 
iro  are  present.     The  largest  and  most  constant  valve  is  situated 

Sposite  the  base  of  the  bladder,  about  three  inches  from  the  anus. 
le  fold  next  in  frequency  is  placed  at  the  upper  end  of  the  rectum ; 
ad  the  third  occupies  a  position  midway  between  these.  When  a 
rarth  is  present,  it  is  situated  about  one  inch  above  the  anus.  In 
be  empty  state  of  the  intestine,  these  folds  overlap  each  other, 
B  Mr.  Houston  remarks,  so  eflectually  as  to  require  considerable 
lanoeuvring  to  conduct  a  bougie  or  the  finger  along  the  cavity  of 
he  intestine.     Their  use  seems  to  be  "  to  support  the  weight  of 
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fecal   matter,  and  prevent  its  urging  towards  the  tniu,  lihen  ib 
presence  alvays  excites  a  sensation  demanding  its  disdarge."* 

Of  the  Villi. — Villi  are  minute  processes  of  the  mnoou  na- 
brane  of  the  small  intestine,  to  whica  they  are  exclusively  ambti 
(Fig.  159).  They  project  from  the  free  surface  of  the  mnconi  Bt» 
brane  into  the  cavity  of  the  intestines,  and  seem  admirably  sdipttl 
to  become  implanted,  like  so  many  little  roota,  in  any  semifliii  ir 
fluid  material  which  may  fill  the  bowel.  Villi  are  first  found  in  tk 
duodenum,  where  tbey  appear  to  develop  themselves  as  eloDptini 
of  the  partitions  between  the  cells  into  which  Licherkiilin'a  Ukt 
open.  In  the  lower  half  of  the  duodenum,  and  the  rest  of  the  uiil 
intestines,  they  are  very  numerous,  and  give  to  the  surface  of  tk 
mucous  membrane  an  appearance  like  that  produced  by  the  pk  rf 
velvet.  They  are  continued  down  to  the  ileo-ctecal  apertiiK,iid 
cease  abrupUy  at  its  margin,  covering  the  surface  of  the  nh^ 
segments  next  the  ileum,  but  being  wanting  on  the  caecal  snrbet.     . 

A  good  view  of  the  shape,  arrangement,  and  number  of  the  t9 
may  be  obtained  by  examiniDg  a  piece  of  villous  mucoos  mnlnii 
fixed  under  water.  In  man,  the  villi  are  conical  in  shape,  somevhl 
flattened,  and  measure  in  length  from  apex  to  base  from  the  1-6M 
to  the  l-45th  of  an  inch.  They  vary  much  in  shape  and  siu  in  tht 
lower  animals  :  in  the  dog,  cat,  and  lioD  they  are  long  and  alMil 
filiform;  in  the  Atif 
and  rabbit  th^  m 
small,  flattened,  and  » 
nical ;  in  the  ts^ 
they  are  large  and  la^ 
liform.  Most  fishei  uJ 
reptiles  are  devoid  <i 
villi. 

In  structure,  a  villiv 
resembles  an  everuJ 
Liebcrkuhn*s  follicle:^ 
the  same  elements  eii-'t 
in  both ;  baseiucDt-QCDi- 
brane,  cpitholium,  '»'■-' 
bnsement  tissue,  vbiih 
occupips,  along  with  v«- 
Bcls  and  perhaps  ntive?. 
*  the  interior  of  the  villii!- 
The  difference  betwKn 
the  two  structures  is. 
that  the  epithelium  ii  >>> 
the  interior  of  tlie  (f 
licle  and  on  the  cxtrriif 
of  the  villus. 

A  single  layer  of  '■'■' 
columnar  epithelium  i^^ 


Tig.  151 


c  villiu  rrlnrtal  Ann  thu  rpilliolU]  In 

■b  uur  cVU'  111  thr  lii^mls.'  »[>,idU1oi]  m 


L.  livLllJf  »tu<'bAl  ukI  fTi 
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THB  VILLI.  IVn 

wh  TiUoB  (Fig  159),     The  particles  adhere  by  their  sharp  ez- 
ie§  to  the  baeement-membraDe,  and  tbeir  bases,  packed  to 
■,  present  on  the  sarface  an  appearaoce  of  a  pavement. 
I  basement-membrane  is  readily  seen  vhen  the  epithelial  layer 
ff,  irbich  it  is  apt 

daring  the  diges-  ^-  leo. 

Tocesa  (Fig.  160). 

B  single  laver  of 
reneoos  membrane, 
th  which,  or  in  the 

of  the  villus,  are 

in    veil  -  injected 
lens,  the  bloodves- 
r  the  villns. 
ih  Tilltu  is  provided 
1  iJexua  of'capillft- 

A  single  artery  en> 
ts  base,  and,pa8B- 
9  its  centre,  forth- 
breaks  np  into  a 
aj  plexns,  vhich 
It  at  all  points  of 
rface  of  the  viilua, 
(iately  beneath  the 
ent  -  membrane.  — 

this  arise  at  vari- 

nnts  small  reins,  which  pass  out  of  the  villus  in  one  or  more 
I  (Fig.  162). 

I  cavity  of  the  villus  also  contains  one  or  more  small  lacteals, 
ich  originates  the  proper  lacteal  plexus  of  the  intestine.  The 
TA  seen  white  with  chyle,  during  the  absorption  of  that  fluid, 
le  chyle  may  he  fixed  in  them  by  coagulation,  if  the  membrane 

Fig.  161. 
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IB  promptly  immersed  in  alcohol.  Respecting  the  manner  in  vbkk 
these  vessels  are  disposed  in  the  villas,  however,  nothing  certaia  ■ 
known.  Some  have  described  a  network  of  these  vessels  extendiig 
to  the  extremity  of  the  villas.  The  investigation  is  one  of  themoit 
difficult  in  minute  anatomy,  and  is  highly  important  as  bearing  npn 
the  mechanism  of  the  absorption  of  chyle. 

Nothing  whatever  is  known  of  the  relation  of  the  nerves  totbe 
villi.  The  tissue  which  occupies  the  cavity  of  the  villas,  and  lUek 
supports  the  capillary  plexus,  and  whatever  other  vessels  miy  enl 
in  it,  is  a  soft,  imperfectly  formed  areolar  tissue,  containing  nncld 
and  granules,  and  resembling  somewhat  the  tissue  contained  in  th 
gustatory  papillae  of  the  tongue.  That  portion  of  it  which  co^^ 
spends  to  the  free  extremity  of  the  villus  differs  from  the  rest;  il 
exhibits  a  vesicular  structure,  and  resembles  very  minute  fat  tw- 
cles,  filled  by  some  transparent  fluid.  The  tissue  which  occnpia 
the  remainder  of  the  villus  seems  to  consist  chiefly  of  nnda  or 
granules,  some  of  which  present  an  indistinct  arrangement  ii 
columns,  which  are  parallel  to  the  axis  of  the  villus.  During  Ae 
process  of  chylification  it  appears  to  be  the  seat  of  some  veij  re- 
markable changes  connected  with  the  absorption  of  chyle. 

The  function  of  the  villi  appears  evidently  to  be  connected  viA 
absorption,  and  specially  with  the  absorption  of  chyle.    This  rieff 

rests     upon      the     followinf 
Fig.  1G2.  grounds :     First,  that  the  Tiffi 

exist  only  in  the  small  mtei- 
tine,  where  the  most  active  tb- 
sorption  of  digested  matters 
evidently  goes  on;  and  thit 
they  are  most  highly  developed 
and  most  numerous  in  thatptft 
of  the  small  intestine  vnere 
chyle  is  first  formed.  SeconJIy, 
that  during  the  process  of  chy- 
lification  the  villi  are  targid 
with  blood,  and  obviously  pr^ 
sent  all  the  appearance  of  being 
the  seat  of  some  active  viral 
process ;  they  are  enlarged  anJ 
opaque,  apparently  from  » 
change  in  the  intravillous  tis- 
sue, and  probably  also  from  the 
introduction  of  some  new  mat- 
ter into  them.  In  animal::  thai 
have  been  kept  fasting  forsom^ 
time  prior  to  death,  the  yi^J 
look  small,  and  as  if  shrunken  within  their  epithelial  sheath?,  wfc 
in  some  instances^  adapt  themselves  to  the  diminished  size  of  tbe 
inclosed  villi,  by  becoming  thrown  into  folds  (Fig.  1&2].  But 
during  the  digestive  process  the  villi  are  large  and  full ;  the  nncl« 
of  their  proper  tissue  are  very  distinct;  the  basement-membrane tf 
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Vcrtii-al  wcti<»n  of  the  roftts  of  the  Puiall  intostliio 
(•f  R  iXofi,  hhowiiijr  «nily  tho  (vnimii-iiriiij;  pnrtiiiiH  of 
tlit>  iMtrtal  vpiii  nnd  tlit^  cniiillnrifo.  Tli*;  injtM-lion  ha-s 
}Kvn  thrown  into  tliu  |MirtuI  voin.  I»iit  ha."  not  iM-nt*- 
truto<l  t«»thoarti'rio««.  a.  Vi'-wUofthevilli.  /*.  Thuso 
•      of  liiolMTkuhn's  tulicH.  r.  Thoso  of  the  ]uu^c■u].1^  coat. 
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ten  and  there  bulged  bj  tbem  od  the  surface,  especially  towards 

lie  free  extremitiea,  and  the   peculiar  Tesicular  structure  at  the 

t^ees  of  the  tUH  is  compressed, 

w  otherviae    concealed    from  ^'b-  'GS. 

"MW  or   altered   in    character 

Kg.  160).    Lastly,  the  epithe- 

inm  seems  to  adhere  much  less 

losely  to  the  TiUi  during  chyli- 

Mation   than   during   fasting ; 

nd    the    epithelial     particles 

licmselvcs  appear  to  undergo 

ome  change  during  this  pro- 

icu-     This  latter  change  is  re- 

(rercnted  in  the  annexed  cut 


I.  RpIUmUddi  artwhiKl. 


.  »nil  ftw  In  Ihf  rmilU  nf 

nnliEMt  iinor  ilvstli.  (ami 

_     „  .    _.,  .    KvbnlllnBliHlwlUiap- 

Kg.  163);  the  epithelial  par-    (•"'■■■i~-  M.«oiiijrt««u aumrt™.  „„  ^, 

idefl  appear  larger,  their  con-    thr'mia»Fun>tH>wiiiKib>iMtL>m(irrij>iuviiv*i<.-^i 
«uta  more  distinct,  and  con-    Cil^ffi,*;'"™'*^'^'"""'™''"'*" 
■■tin?  of  minute  fatty  grains 
M  well  as  of  some  small  globules. 

0/  the  Glands  of  the  Intettine. — These  are,  in  addition  to  the 
i^ieberkiihn's  tubes  or  follicles  already  described,  and  which  are 
Iwmselvcs  secreting  organs  :  1.  Brunner's,  or  the  duodenal  glands; 
E.  The  solitary  glands;  8.  Foyer's  glands,  or  ^/iHtfu/ie  a'/'/ri'^afzf. 

Brunner'i  glanch  belong  properly  to  the  duodenum.  Tiiey  were 
liieoTcred  and  dcGcribcd  by 
r.  C.  Bmnn  in  168G.  We  find 
l)em  in  the  submucous  areolar 
ame,  disposed  as  a  more  or 
CH  thick  layer  of  whitish 
rrains,  immediately  beneath 
at  mucous  membrane.  They 
■ay  be  compared  to  the  ele- 
nentary  grains  of  a  salivary 
j^nd  spread  out  on  an  ex- 
landcd  surface  instead  of  being 
Mllected  into  a  mass.  Near 
:lw  pylorus  they  are  most 
iftmerous,  and  most  closely 
Kt  and  largest ;  towards  the  termination  of  the  duodenum  they 
MGomc  much  fewer,  smaller,  and  scattered;  and  nothing  resembling  . 
:hem  is  found  in  any  other  portion  of  the  intestine.  They  are  much 
Bore  developed  in  the  Ilcrbivora  than  the  Carnivora  ;  in  man,  they 
sro  large  and  numerous,  generally  speaking,  but  exhibit  a  good  deal 
rf  variety  in  different  subjects,  and,  in  the  very  old,  they  appear  to 
lave  wasted  and  shrunk. 

In  point  of  structure,  Brunner's  glands  resemble  precisely  the 
Macreas.  Their  ultimate  elements  are  bunches  of  vesicles  which 
MKitain  globular  epithelium,  and  from  which  ducts  arise  which 
Malesce   and  form   larger   ducts,  through   which   the  secretion  is 


'.  >llli,A.i;,nDmiuDi<.in1 

r.  Drunnfr-i  ([■ndii  rut  Tcrtlallr,  m 

lut,  ahavlnc  Ibdi  lubulMnl  •tnwtu: 


poured  into  the  duodenum.     The  exact  relation  of  iheM 
the  tubes  of  Lieberkuhn  is  not  known. 

Brunner's  glands,  no  doubt,  secrete  a  fluid  similar,  per! 
nature,  to  the  pancreatic  fluid,  which  esercises  an  influence 
portion  of  the  digestive  process  which  takes  place  in  the  duodenM 
Their  restriction  to  the  upper  portion  of  the  intestine,  and  l^ 
mode  of  arrangement  in  an  expanded  form  beneath  the  mscsa 
membrane,  establish  for  them  an  analogy  with  the  buccal  githii, 
which  are  similarly  disposed  beneath  the  mucous  membrane  of  tW 
mouth,  and  which  bear  to  the  salivary  glands  the  same  relatioiu 
the  duodenal  glands  do  to  the  pancreas. 

These  glands,  restricted  as  they  are  to  ik 
Fig.  les.  upper  portion  of  the  intestine,  give  a  disrirttf 

to  It  of  a  physiological  kind,  and  iherefan 
more  definite  than  any  external  boniiiltr;. 
Accordingly,  while  the  duodenum  in>y  prajxttj 
give  its  name  to  these  glinds,  so  the  pre^DCt 
and  extent  of  them  should  denote  tbu  Mnie* 
of  intestine  which  may  be  called  doodeniia, 
and  define  its  limits. 

The  golilarjf  gland*  are  found  in  «0  pans  nf 

the  intestine,  but  are  most  noiDcrons  in  ib( 

M^jMi.   mi|eiiiii«L— *iior   jejunum,    in    the   cxcuni,   in    the    venLifora 

appendix,  and  in  the  rest  of  the  large  iiite»iiiM' 

When  filled  with  their  secretion  they  are  liki  small  grains,  ab«t 

as  large  as  those  of  mustariUKJ. 


nllUrj  fUltll  from  tl 


Fig.  1G6. 


placed  beneath  the  mucoot 
brane  in  the  submucons  uutt. 
which  cannot  in  those  utnUMit 
be  inflated;  they  maybe  mdilT 
seen  by  holding  up  the  tnlouH 
against  the  light.  When  tmflj 
and  collapsed,  they  are  not  Btiflf 
discovered,  and  therefore  an  &¥ 
quently  overlooked. 

One  of  these  glands  is  xiiei^ 
vesicle,  or  eacculus,  of  raetDfaniu, 
shaped  like  an  ludia-mbbtf  tnulci 
with  a  narrow  extremity  com- 
gpondtng  to  the  surface  of  1^ 
mucous  membrane,  and  a  rmndiJ 
obtuse  base,  imbedded  in  tl* 
submucous  tissue.  Its  fttat 
relation  to  the  elementa  of  d> 
mucous  membrane  ciutQot  bt  It 
actly  determined ;  its  wall  HIM 
to  be  formed  of  a  straetnrt  i^ 
tinct  from  the  basement  layer  *t 
that  membrane.  It  projects  uwif 
Lieberk'dhn's   tubes,   and,  m  ibt 
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■ikll  intestine,  is  concesled  and  covered  by  the  villi  of  the  mncons 
■embrane.  Within  it  is  contained  a  variable  quantitr  of  nuclei 
ad  gnnolar  particles,  vfaich,  in  the  present  state  of  our  knowledge, 
■Bit  be  viewed  as  a  secretion.  How  this  secretion  is  dischsrgeu  is 
s  nutter  of  uncertainty,  as  no  orifice  has  as  yet  been  clearly  demon- 
■trated ;  hence  some  anatomists  regard  these  glands  as  closed  vesicles, 
rtteh  burst  when  distended  to  a  certain  point. 


Fig.  167. 


Pejfer't  Glands.* — These  may  be  regarded  as  aggregations  of 
■olitary  glands,  forming  circular  or  oval  patches  situated  on  the  free 
border  of  the  intestine  (Fig.  167).  They  belong  particularly  to  the 
Smin,  and  ought  to  be  regarded  as  forming  a  special  anatomico- 
jAjsiological  feature  of  that  portion  of  the  intestine,  and  as  indica- 
tive  of  its  proper  limits.  We  find  in  man  as  many  as  from  seven- 
teen to  twenty-two  patches,  but  with  great  variety  both  as  to  number 
and  aiie.  The  patches  are  smallest  towards  the  jejunum,  and  increase 
MDsiderably  in  site  towards  the  caecum,  bo  that  some  qoite  near 
the  Utter  intestine  measure  from  two  to  four  inches  in  their  long 
dUuneter, 

£acfa  of  the  small  glands,  the  aggregate  of  which  constitutes  the 
patch  of  Peyer,  is  placed  in  a  depression  and  surrounded  by  a  groove 
leiembling  that  which  surrounds  the  papillte  vallatse  of  the  tongue  ; 

*  Tlie  riands,  v>  long  known  bj  this  title,  may  bo  called  "  Orew's  glands,"  with  >a 
Bncb  Justice.  Thej  wcro  diacoTcnd  in  seTeral  animala  by  our  countrjman.  Dr.  Ne- 
tainlah  Gmr,  wbo  also  delineated  tbem  with  great  accnracy,  and  described  tbem  in 
Ub  ImUum  to  tlie  Boyal  Society,  in  the  year  1070,  beTcire  Peyer's  book  was  published 
(1677).  Dr.  Qrew'a  descriptions  and  delineatioiiJi  may  be  faiuid  in  an  euay  appended 
to  Ui  oatalogne  of  the  moaeuin  of  the  Royal  Society,  of  which  he  was  Curator,  entitled 
**Tfae  CouparatiTe  Anatomy  of  the  Stomach  and  Guts  begun."  See  the  odTertisement 
|i«flxed  to  lhi«  work. 
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some  being  inclosed  by  a  circle  of  the  orifices  of  large  tubes  of  Lie^ 
bcrkiihn.  It  seems  to  be  in  every  respect  similar,  as  remds  in 
intimate  structure,  to  the  solitary  glands,  and  probably  d»cliii|ii 
its  secretion  by  a  similar  mechanism.  The  arrangement  and  strw- 
ture  of  these  glands  are  well  seen  in  a  vertical  section,  as  repRMfe* 
ed  by  Fig.  167. 

Foyer's  glands  are  well  developed  in  the  Camivora,  more  Botba 
in  Ilerbivora,  and  they  commence  very  high  up  in  the  inteitiM, 
whence  it  would  appear  that  the  shortness  of  the  small  intMdii 
which  distinguishes  the  former  animals  is  due  to  the  imperfect  deT^ 
lopment  of  the  duodenum  and  of  the  jejunum. 

The  office  of  these  glands  is  involved  in  great  obscurity;  moit 
probably  it  is  connected  with  the  further  reduction  of  the  alimeotaij 
matters  as  they  pass  through  the  intestine.  But  we  are  unible  ti 
form  any  conjecture  as  to  the  causes  which  determine  the  peesliv 
shape  or  position  of  the  glands,  or  as  to  the  nature  of  their  secretiiii. 
They  are  larger  and  more  developed  during  the  digestive  proeea. 
than  during  fasting,  a  fact  which  denotes  that  the  former  is  tk 
period  of  their  greatest  activity  of  function.  It  is  not  impossible 
that  the  peculiar  odour  of  the  feces,  which  is  in  a  ereat  meamf 
characteristic  in  particular  classes  of  animals,  may  be  due  to  a  secre- 
tion by  these  glands. 

In  typhus  or  typhoid  fever,  these  and  the  solitary  glands  are  prone 
to  become  inflamed  and  to  ulcerate.  The  poisonous  matter  vhick 
generates  the  fever  is  apt  to  fix  on  these  glands;  or  theymtjbe 
the  special  channel  for  its  elimination,  and  in  the  process  they  safer 
irritation.  In  phthisis,  these  same  glands  are  very  liable  to  becooe 
the  seat  of  the  tubercular  deposit,  and  also  of  an  ulcerative  process, 
whence  results  the  diarrhoea  which  proves  so  troublesome  an  acccm- 
paniment  of  that  disease.* 

In  Asiatic  cholera,  all  these  glands  become  greatly  enlarged  froD 
the  accumulation  of  a  large  quantity  of  granular  matter  in  the 
vesicles. 

Brunner's  glands  exhibit  a  remarkable  immunity  from  disease, 
and  in  this,  as  in  other  respects,  they  resemble  the  pancreas. 

In  concluding  the  account  of  the  anatomy  of  the  intestinal  tube, 
the  following  summary  of  the  special  characters  of  each  portion  of 
it  will  serve  to  indicate  more  clearly  what  we  liave  allinleJ  lo 
above — that  tlie  pliysiological  anatomy  of  the  mucous  membrane 
affords  the  best  basis  for  its  subdivision  into  portions,  each  of  whiclu 
no  doubt,  exercises  its  special  function  in  the  digestive  process  :— 

In  the  duodenum,  the  mucous  membrane  exhibits:  1,  cells  anJ 
tubes  like  pyloric  cells,  gradually  passing  into  straight  Lieberkuhn's 
tubes,  which  exist  throughout  the  rest  of  the  gut ;  ii,  villi  eomraen^ 
iug  in  the  upper  part  by  the  elongation  of  the  septa  between  the  oclL> 

*  Soino  oxcollont  remarks  on  the  stnicture  of  the  solitary  niul  Pcaor's  jrhiii  I>  ntj 
be  founil  in  a  jiaper  hy  Dr.  IlandtielJ  Jones,  "On  tlie  Intestiual  Mucoiu  Membrane.' 
—Lond.  Mtti.  0(121  tie.  IS  18. 
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becoming  extremely  numerous  and  crowded  together  in  the 

two-thirds  ;  3,  in  the  lowest  third  a  few  solitary  glands  ;  4, 

r*8  glands,  very  numerous  in  the  upper  part,  gradually  dimin- 

n  size,  and  number  below ;  5,  vaWulas  conniventes,  well  de- 

in  the  inferior  half. 

>rifice  by  which  the  biliary  and  pancreatic  ducts  open  into 
stine,  is  placed  where  Brunner's  glands  have  either  become 
w  or  have  ceased.  In  most  of  the  Camiyora  which  we  have 
iAj  these  ducts  open  below  the  region  of  Brunner's  glands  ; 
It  at  which  they  pour  their  contents  into  the  bowels  has  there- 
constant  relation  to  the  duodenum,  if,  as  it  is  convenient  to 
nay  make  the  presence  of  these  glands  the  characteristic 
'  that  portion  of  the  intestine. 

le  jejununiy  the  mucous  membrane  is  characterized  by,  1, 
Uhn's  follicles  and  villi  well  developed ;  2,  valvulse  conni- 
larger  and  more    complete  than  elsewhere ;   3,    solitary 

ileum  exhibits :  1,  Lieberkiihn's  follicles  and  villi  well  deve- 
9wn  to  the  ileo-csecal  valve ;  2,  valvular  conniventes,  which 
ly  diminish  towards  the  termination  of  the  ileum,  and  disap- 
i,  solitary  glands ;  4,  aggregate  glands,  or  Peyer's  patches, 
.re  small  at  the  upper  part  of  the  ileum,  but  greatly  increase 
at  its  lowest  portion. 

mucous  membrane  of  the  csecum  and  of  the  whole  large  tn- 
is  distinguished  by  the  complete  absence  of  villi ;  by  the 
e  of  Lieberkuhn's  follicles  and  of  solitary  glands  of  large 
lich  are  numerous  in  the  vermiform  appendix,  as  well  as  m 
um  itself;  and  by  the  folds  which  form  the  partitions  be- 
he  cells  of  the  colon,  as  well  as  by  the  valvular  folds  of  the 


^menU  of  the  Intestines. — The  substances  which  enter  the 
al  canal  from  the  stomach  are  moved  onwards  by  means  of 
called  the  peristaltic,  or  the  vermicular  action  of  its  muscu- 


0m 


action  of  the  intestines  is  very  conspicuous  in  animals  opened 
ately  after  death  ;  under  these  circumstances  it  is  probably 
Kaggerated  state,  owing  to  the  stimulus  created  by  the  en- 
of  cold  air  into  the  abdomen.  It  may  be  displayed  in  a 
active  state  by  subjecting  the  intestinal  canal  of  an  animal 
id  to  the  influence  of  the  magneto-electric  machine,  by  the 
ive  shocks  of  which  this  action  becomes  greatly  increased  in 
y  and  rapidity,  though  not  altered  in  character. 
3ffs  and  cats,  in  which  we  have  most  frequently  observed  the 
Itic  action,  it  seems  to  commence  at  the  pyloric  third  of  the 
li,  whence  successive  waves  of  contraction  and  relaxation  (the 

being  instantly  succeeded  by  the  latter)  are  propagated 
lOUt  the  entiro  length  of  the  small  and  large  intestines.  The 
e  of  the  waves  is  always  downwards.     In  examining  a  por- 

intestine  -at  the  moment  of  its  contraction,  we  perceive  a  di- 
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latation  above  it  as  well  as  below  it ;  the  latter  being  prodnced  Vj 
the  protrusion  into  it  of  the  contents  of  the  now  contracted  portin 
of  intestine ;  the  former,  by  the  relaxation  of  a  previonsly  contnct- 
ed  portion.     The  rapid  succession  of  these  contractions  and  rdu- 
ations  give  to  the  movements  of  the  intestines  the  appeanim  ef 
the  writhings  of  a  worm,  whence  they  are  distingnishea  bv  tbe  ip- 
pellation  vermicular.     Sometimes  we  have  opportunities  of  ohm^ 
mg  these  movements  during  life  in  man,  in  cases  of  extreme  ittoi- 
ation  of  the  abdominal  parietes ;    or  in  cases  where,  from  mm 
great  obstruction  in  the  course  of  the  alimentary  canal,  the  pen* 
staltic  action  is  very  much  increased  in  intensity  above  the  teat  of 
the  obstruction;  or  in  wounds  of  the  abdomen  ;  or  daring  Burgiai 
operations. 

There  are  certain  facts  which  justify  the  supposition  that  tbnra^ 
micular  action  has  a  proper  rate  of  speed  in  each  individml,  nl 
that  substances  introduced  into  the  highest  part  of  the  intcstinl 
canal  take  a  certain  time,  varying  in  each  particular  case,  to  traTem 
it.    For  example,  the  act  of  defecation  will,  if  allowed  or  eneoo^ 
aged,  take  place  with  the  utmost  regularity  every  twelve  or  twoitj- 
four  hours,  and  the  quantity  discharged  will  exhibit  but  little  ry 
riation,  the  quantity  and  quality  of  the  food  remaining  the  nm\ 
and  indigestible  substances  taken  with  the  food,  seeds,  husks,  akiBi, 
&c.,  will  at  certain  intervals  appear  in  the  feces,  having  travemd 
the  whole  canal.     There  is  no  act  of  the  animal  economy  more  Btiik- 
ingly  under  the  influence  of  habit,  u  e.,  under  the  control  of  pbjs- 
cal  causes,  without  mental  interference,  than  this  of  defecatioa; 
nor,  on  the  other  hand,  is  there  any  act  which  may  be  more  a»- 
pletely  deranged  by  its  being  baulked^  through  the  resistance  which 
the  will  can  oppose  to  it.     The  intestinal  movements  are  partly  dae 
to  the  influence  of  the  stimulus  of  distension  upon  the  musnlar 
tunic,  and  partly  to  the  reflex  action  of  the  ganglia  of  the  intestinal 
portion  of  the  sympathetic,  stimulated  by  the  contact  of  the  intes- 
tinal contents  with  the  mucous  membrane.     Direct  irritation  of  the 
solar  plexus,  or  of  the  semilunar  ganglia,  produces  a  marked  increase 
in  the  movements  of  the  intestines  (  Vide  p.  508). 

When  obstruction  exists  at  a  certain  point  of  the  bowels  they 
become  dilated  above  that  point,  and  when  the  dilatation  has  at- 
tained a  certain  amount  their  contents  are  found  to  flow  back  into 
the  stomach,  and  are  ejected  by  vomiting.  This  is  commonly  sup- 
posed to  be  due  to  an  inverted  direction  of  the  action  of  the  muscu- 
lar tunic  of  the  intestines  (antiperistaltic  action).  But  Dr.  Brintos 
has  very  ably  shown  that  there  is  no  antiperistalsis  of  the  hovels 
under  these  circumstances,  any  more  than  of  the  stomach  in  vomit- 
ing, and  that  tire  altered  course  of  the  fluids  is  due  simply  to  their  re- 
flux along  the  axis  of  the  intestine  from  the  seat  of  obstruction.  The 
muscular  coat  of  the  bowels  acting  in  the  downward  direction,  ami 
with  force  proportionate  to  the  obstacle,  propels  the  fluids  to  a  point 
where  they  encounter  insuperable  resistance,  and  whence  they  must 
take  the  course  which  affords  least  or  no  obstacle.  Thus,  a  back- 
ward current  is  established  in  that  part  of  the  fluid  least  influenced 
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vails  of  the  inteetine,  that,  namely,  irhich  occnpiea  i 
T.  Brinton's  words,  "an  taial  reverted  current  ib  dev 


I  its  axis, 
B  developed, 

etarna  matters  from  the  noighbourhood  of  the  straDgnlation  to 
^her  point  in  the  canal."  When  fiotd  retams  along  the  sides 
inge  with. a  piston  not  water-tight,  we  have  a  somewhat  ana- 
ihenotnenon,  and  we  maj  imitate  the  reversed  movement  of 
stinal  fluids  by  trying  to  pnsh  water  throngh  an  obstructed 

the  piston  of  which  is  perforated  in  the  cen- 
Unatrated  by  the  annexed  wood-cat  (Fig.  168).*       ^  '^^ 
lontents  of  the  intestine  are  moved  on,  portion 
ion,  much  as  in  oesophageal  deglutition.     And, 

progress,  they  arc  mingled  with  fluids  poured 
1  the  intestinal  mucous  membrane. 
ge$  in  the  Muemu  Membrane  during  Intettinal 
•K.-^Dnring  intestinal  digestion,  the  muoona 
He  exhibits  an  increased  nutrient  activity,  as 

by  a  greater  afflux  of  blood,  and  by  free  seore- 

well  as  absorption ;  in  connection  with  which 
otion  it  exhibits  peculiar  changes,  wtiich  must 
ally  noticed.  It  is  red,  moist,  and  covered  with 
or  leas  abundant  mucus,  &c. 
oiost  remarkable  change  which  takes  place  in 
itma  membrane  of  the  intestinal  canal  is  ob- 
n  that  portion  of  it  which  is  covered  by  villi ; 
throughout  the  small  intestine,  especially  below 
it  of  entrance  of  the  hepatic  and  pancreatic 

The  villi  are  the  agents  of  a  peculiar  process 
ption ;  andtbe  changes  which  take  place  in  them 
Mriod  appear  to  have  immediate  reference  to 
1  which  they  perform  in  this  function.     They 

enlarged  and  turgid,  partly  owing  to  an  in- 

afflux  of  blood  to  them,  and  partly  in  conse- 
of  a  change  which   takes  place  in  the  intra-       '^  Z' 
tissue,   whereby   the    component    nuclei   and  \^ 

1  acquire  an  increase  of  size,  and  some  of  them    nigmB  to  niu- 

themselves  in  lines  passing  from  the  free  ex-  SJj*^,*^; 
to  the  base  of  each  villus  (Fig.  160,  a).  These  ™i^»;^j^" 
pear  to  proceed  from  an  accumulation  of  small  nur  thmcfi 
med  at  the  free  extremity  of  the  Tillns  within  S;J"Sttf[K 
y  (Fig.  160,  B  b):  they  are  quite  opaque,  and  ^J^"''' 
TDCture  is,  therefore,  impenetrable  to  high 
in  the  microscope ;  they  coalesce  at  the  base  of  each  villus, 
which  we  have  not  succeeded  in  tracing  thei^t 
lis  period  an  abundant  quantity  of  loose  epithelium  is  in 
with  the  mucous  membrane,  and  Burroondsthe  villi;  and  the 


AotioDB  to  the  PhjaioloK;  of  the  Intcstjntl  Canal,  toe.  e 


%  lughlj  ingeni- 

Atnomra/  ber«  described  were  abKrred  in  dogs  and  oate  fed  in  Um  oidi- 
npon  nskt,  milk,  &c. 
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sheaths  of  the  latter  seem  to  adhere  very  loosely  to  them,  and  mij 
he  much  more  readily  detached  than  when  the  digestive  process  ii 
not  going  on. 

Mingled  with  the  abundant  mucus  of  the  intestine,  we  find  at  this 
period  very  numerous  white  fiocculi  of  a  soft,  loose,  curdy  materiil, 
the  whiteness  of  which  is  conspicuous  in  the  midst  of  other  matters, 
which  are  more  or  less  coloured  from  intermixture  with  bile.  Aad, 
at  the  same  time,  the  plexus  of  lacteal  vessels,  which  is  fonned 
beneath  the  mucous  membrane,  and  from  which  the  larger  laeteil 
vessels  proceed  through  the  mesentery  to  the  mesenteric  glands,  is 
filled  with  a  white  fluid  of  the  exact  colour  and  appearance  of  milk, 
commonly  called  the  chyle. 

The  display  of  the  lacteal  vessels  filled  with  white  chyle,  at  this 
period,  is  one  of  the  most  interesting  sights  among  the  many  wonder- 
ful objects  which  engage  the  observation  and  the  attention  of  tki 
anatomist. 

The  white  flocculent  matter  is  most  abundant  in  the  dnodenva 
and  jejunum,  and  there  the  villi  are  most  numerous;  thence,  likewise, 
proceed  the  greatest  number  of  lacteal  vessels.  Lower  down  in  the 
small  intestine  the  flocculi  gradually  become  less  and  less  nomeroos, 
and  ultimately  disappear,  the  contents  of  the  intestine  consistinc  of 
a  more  or  less  fluid  mass,  apparently  homogeneous,  and  coloured  bj 
bile.  At  the  same  time  the  villi  become  fewer  and  amaller,  die 
number  of  lacteal  vessels  diminishes,  and  the  glandular  appantos 
of  the  intestinal  mucous  membrane  is  Inore  developed  and  distinct 

The  occurrence  of  the  flocculent  matter,  in  that  part  of  the  in- 
testine where  the  absorbing  organs  and  the  chyliferous  vessels  ut 
most  numerous,  denotes  that  it  must  be  regarded  as  constitming 
the  nascent  condition  of  that  fluid  which  at  this  period  fills  the  licteal 
vessels  and  gives  them  their  white  colour — tho  chyle.  It  appetrs 
like  a  precipitate  from  the  general  mass  of  the  intestinal  contents, 
and  many  distinguished  physiologists  have  regarded  it  in  that  light, 
and  have  attributed  its  precipitation  to  the  addition  of  the  bilisrr 
and  pancreatic  fluids  to  the  cliymous  mass  which  has  been  pushed 
on  from  the  stomach  into  the  intestines. 

This  flocculent  matter  consists  of  a  multitude  of  minute  molecule^ 
apparently  of  a  fatty  nature  (as  they  disappear  under  the  action  "f 
ether),  mingled  with  larger  oil-globules,  and  also  of  numbers  of  pani- 
cles of  columnar  epithelium,  containing  within  them  several  fatiy 
molecules  of  large  size,  readily  distinguished  by  their  highly  refrac- 
tive power.  The  contrast  between  the  epithelial  particles  obtained 
from  tliis  flocculent  matter,  and  those  of  the  intestine  of  an  uniniru 
that  ha<l  faste^for  some  time  before  death,  is  very  striking,  and  ia- 
dicates  that  they  undergo  a  change  during  chylification,  eitluT  c-'a- 
nected  with  the  absorbing  process  or  with  the  transformation  uf  iw 
alimentary  substances.     (Fig.  1(>-).) 

Of  the  peculiar  mechanism  by  which  this  nascent  chyle  i>  intr- 
duced  into  the  lacteal  vessels,  and  of  the  nature  of  the  changf?  wbich 
it  undergoes  in  them  to  form  perfect  chyle,  we  can  form  no  aui-  |Wi«J 
idea  in  the  present  state  of  our  knowledge.     We  do  know,  Luwc^ir, 
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that  the  material  hefore  its  entrance  into  the  vessels  is  very  different 
from  what  it  becomes  after  its  introduction ;  and  that  in  its  advance 
towards  the  centre  of  the  absorbent  system  it  undergoes  further 
dianges,  all  of  which  tend  to  assimilate  it  more  nearly  to  the  blood 
itself. 

Of  the  Chyle, — If,  as  seems  most  correct,  we  apply  the  term  chyle 
fto  the  fluid  contained  in  the  lacteal  vessels  during  and  shortly  after 
digestion,  we  must  make  the  distinction  between  white  chyle  and 
transparent  chyle.  The  white  chyle  is  a  milk- like  fluid,  homogene- 
ous in  appearance,  which,  on  being  withdrawn  from  the  lacteals  and 
allowed  to  stand,  separates,  as  blood  would  do,  into  serum  and  a  clot. 
This  clot  consists  of  fibrine,  which  entangles,  by  its  coagulation,  cer- 
tain particles  proper  to  the  chyle.  These  are  chyle-corpuscles  or 
globules,  in  every  respect  similar  to  lymph-corpuscles,  and  an  infinite 
multitude  of  particles  of  extreme  minuteness,  to  which  Mr.  Gulliver 
has  ffiven  the  name  of  molecular  base  of  the  chyle.  These  particles 
oonsist  of  fatty  matter  in  a  state  of  extreme  subdivision. 

Durine  fasting,  and  also  during  the  digestion  of  food  wholly  devoid  of 
fat,  the  fluid  contained  in  the  lacteals  is  perfectly  transparent  and 
colourless,  and  not  to  be  distinguished  from  the  lymph  of  the  lym- 
phatics. In  this  fluid  there  is  no  molecular  base,  while  all  the  other 
dements  of  the  chyle  are  present.  Hence  there  can  be  no  doubt 
that  the  white  colour  of  the  chyle  is  due  to  the  presence  of  the  mo- 
lecular base. 

The  chyle  may  exhibit  various  degrees  of  milkiness,  according  to 
the  quantity  of  the  molecular  base.  The  white  chyle,  therefore,  is 
ehyle  with  molecular  base  in  greater  or  less  quantity ;  the  transparent 
.chyle  is  devoid  of  molecular  base.  Both  kinds  of  chyle  consist  of  a 
Jsqu4Mr  ehyliy  essentially  the  same  as  the  liquor  sanguinis^  holding 
auspended  in  it  chyle-globules  in  the  transparent  chyle,  and  in  the 
irhite  chyle-globules,  fat-globules,  and  molecular  base.'*' 

It  would  seem  to  follow,  from  observing  the  changes  which  the 
food  undergoes  in  the  small  intestine,  that  the  immediate  office  of 
that  portion  of  the  intestinal  canal  is  to  form  this  chyle;  and  it  ap- 
pears probable  that  the  secretions  poured  into  the  small  intestine 
from  the  glands,  especially  the  liver,  pancreas,  and  the  glands  of 
Brunner,  which  communicate  with  it,  exercise  a  chemical  influence 
upon  the  alimentary  matters  whereby  this  material  is  formed.  We 
shall  see  further  on  that  this  view  receives  strong  support  from  the 
vcsults  of  experiments  and  observations  respecting  the  functions  of 
the  pancreas  and  liver. 

Changes  of  the  Food  in  the  Small  Intestine, — It  remains  now  to  in- 
.  quire  whether  all  the  digestible  food  which  passes  from  the  stomach 
undergoes  the  chanee  into  chyle,  or  whether  certain  parts  of  it  only 
are  simply  dissolved  and  pass  by  absorption  directly  into  the  portal 
blood,  as  in  the  stomach,  whilst  other  parts  are  converted  into  chyle, 
and  enter  a  different  part  of  the  circulation  through  the  lacteal 
Tessels.     In  other  words,  is  it  necessary  that  all  food,  prior  to  its- 

*  See  the  Chapter  on  Absorption. 
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appropriation  by  the  blood  as  nutriment,  should  pass  througli  tk 
condition  of  chyle  ? 

As  it  has  been  shown  that  the  stomach  can  absorb  certiun  fluidi 
and  dissolved  solids,  through  the  absorbing  power  of  its  bloodvesaek, 
there  can  be  no  good  reason  for  denying  the  same  power  to  the  i&< 
testines,  which  have  a  vascular  system  precisely  of  the  same  kind 
as  that  of  the  stomach.  Now  the  substances  which  the  Btomich 
completely  dissolves  and  absorbs,  are  the  azotized  aliments :  it  seens 
not  unreasonable  to  conclude  that  such  portions  of  these  alimenta  m 
have  escaped  absorption  by  the  stomach,  may  undergo  a  similar  so- 
lution in  the  intestines,  and  be  absorbed  by  their  bloodresseb 
without  passing  through  the  state  of  chyle. 

But  to  answer  this  question  accurately  we  must  determine  pre^ 
cisely  the  changes  which  each  kind  of  food  undergoes  in  the  intestine. 

Bouchardat  and  Sandras  have  obtained  from  their  experiment! 
results  which  indicate  that  fibrine  does  not  undergo  the  change  into 
white  chyle.  They  fed  animals  with  fibrine,  coloured  with  saffron  or 
cochineal,  and  were  unable  to  detect  any  trace  of  the  colouring  mat- 
ter in  the  chyle.  They  found,  likewise,  that  the  contents  of  thela^ 
teal  vessels  of  animals  kept  fasting  differed  in  no  respect  from  that  of 
animals  fed  on  fibrine.  These  experiments,  therefore,  render  it  higUy 
improbable  that  fibrine  contributes  to  the  formation  of  white  chjle, 
and  Tiedemann  and  Gmelin  had  long  since  found  that  the  quantitj 
of  fibrine  contained  in  the  lymph  and  chyle,  after  a  long  fast,  is 
not  less  than  that  which  is  found  there  after  digestion,  %oncha^ 
dat  and  Sandras  obtained  the  same  results  in  their  experiments  on 
animals  fed  on  albumen,  caseine,  or  gluten,  as  on  animals  fed  with 
fibrine ;  these  substances,  therefore,  must  likewise  be  excluded  fonn 
the  list  of  those  which  are  capable  of  forming  chyle.  Hence  the 
whole  class  of  neutral  azotized  substances,  admitting  of  solution  b? 
pepsin,  may  be  absorbed  without  passing  into  the  state  of  chyle. 

Neither  docs  it  appear  to  be  necessary  for  the  appropriation  of 
amylaceous  aliments  that  they  should  pass  into  the  condition  of 
chyle.  These  substances  are  but  little  digested  in  the  stomach, 
and  undergo  their  principal  changes  in  the  small  intestines.  Hire 
the  pancreatic  fluid  exercises  a  similar  influence  upon  them  to  thai 
which  the  neutral  azotized  matters  experience  from  the  gastric  juice. 
Bouchardat  and  Sandras  found  that  a  few  drops  of  pancreatic  flui'l 
added  to  some  boiled  starch,  and  kept  at  the  temperature  of  froifl 
95°  to  101°,  dissolved  it  in  a  short  time,  the  liquid  became  trans- 
parent, and  all  trace  of  starch  disappeared.  The  same  effect  is  pro- 
duced if  a  piece  of  the  pancreas  be  used  instead  of  the  pancreatic 
fluid.* 

*  Dextrine  is  a  Bubstnnce  having  some  of  the  properties  of  pim,  and  obtaiD^l  fr« 
Ftarcli  by  the  action  of  heat,  diastase,  or  dilute  acids.  It  it*  soluble  in  vatcr.  aii-l«' 
ists  in  almost  every  part  of  plants.  When  starch  is  boiled  in  water  fur  stime  liffl'.  *= 
abundance  of  dextrine  is  produced.  If  the  action  of  diastase  or  of  the  acili^  1'*^*' 
tinued  too  long,  or  if  the  quantity  of  eitiier  be  too  large,  grape-sugar  u  phhIbc^ 
Hence  dextrine  may  be  reganled  as  the  first  stage  in  the  transformation  of  ftircb 
into  sugnr.  The  formula  for  dextrine  is  C'«,  H'o,  (>'o._Sce  I/uldcrM  ChmuJS ': 
Animal  and  Veyctahh  rhysiology,  by  Johnston,  p,  224. 
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The  starch  in  these  experiments  is  converted  into  dextrine,  or 
iDto  suear,  in  which  state  it  is  soluble,  and  thus  admits  of  direct 
absorption  into  the  bloodvessels,  or  the  sugar  undergoes  a  further 
diange  into  lactic  acid,  and  in  this  condition  passes  into  the  circu- 
lation. It  appears  that  the  presence  of  a  free  alkali  is  as  neces- 
lary  for  these  changes,  as  that  of  acid  is  needed  for  the  solution  of 
the  neutral  azotized  substances.  If  the  pancreatic  fluid  be  acidu- 
lated, it  ceases  to  act  on  starch,  but,  according  to  Bernard  and 
Barreswil,  acquires  the  power  of  dissolving  albumen,  fibrine,  &c. 
We  do  not,  however,  find  that  alkalized  pepsin  is  capable  of  dis- 
lolving  amylaceous  matters. 

Bouchardat  and  Sandras  have  examined  the  changes  which 
itarchj  substances  undergo  in  the  stomach  and  intestines  in  dogs. 
Man  and  carnivora  are  unable  to  digest  raw  starch  in  the  stomach 
mr  intestines.  Raw  potato-starch  introduced  in  a  muslin  bag  into 
the  stomach  through  a  fistulous  opening  in  the  walls  of  the  stomach, 
and  withdrawn  after  a  sojourn  of  twenty-four  hours  in  that  viscus, 
showed  no  sign  of  any  change ;  nor  did  the  gastric  juice  out  of  the 
body,  the  mixture  having  been  kept  at  a  high  temperature  for  the 
same  time,  exert  any  influence  upon  the  starch  grains.  When  dogs 
were  made  to  swallow  raw  starch,  the  grains  were  afterwards  found 
intact  in  every  part  of  the  intestinal  canal.  Rabbits  and  gran- 
iTorous  birds,  nowever,  were  found  to  possess  the  power  of  digesting 
raw  starch,  although  more  slowly  than  that  which  had  been  cooked. 
But  this  power  was  found  to  reside  mainly  in  the  upper  part  of  the 
nnall  intestine,  and  as  the  grains  of  starch  became  gradually  fewer 
as  the  food  descended  in  the  intestinal  canal,  it  seems  reasonable  to 
believe  that  each  succeeding  portion  exercises  a  certain  digestive 
power  over  them.  In  birds,  the  digestive  power  of  the  small  intestine 
was  ^  greater  than  in  rabbits,  the  lower  part  of  the  intestine  in  the 
former  exhibiting  no  traces  of  the  starch  grains.  In  the  upper  part  of 
the  small  intestine  sugar  and  dextrine  were  found,  and  the  lower 
the  contents  had  passed  down,  the  more  did  all  traces  of  starch  dis- 
appear. 

boiled  starch  is  more  readily  digested  by  all  animals  than  raw ; 
to  the  carnivora  and  to  man,  cooking  is  essential  to  its  perfect  di- 
MStion.  The  same  changes  take  place  in  it  as  in  the  raw  starch, 
t.  tf.,  it  seems  to  undergo  conversion  into  sugar,  dextrine,  and 
lactic  acid.  This  change,  however,  is  very  slow  and  gradual,  and 
although  it  occurs  chiefly  in  the  upper  portion  of  the  intestine,  it  is 
found  taking  place  throughout  the  whole  canal.  The  rapid  forma- 
tion of  sugar  in  the  intestinal  canal  leads  to  a  proportionally  rapid 
absorption  of  it,  and  to  the  elimination  of  it  by  the  kidneys.  It  is 
apparently  to  guard  against  this,  to  protect  the  kidneys  against  the 
irritating  influence  of  this  substance,  that  the  change  of  the  starch 
into  sugar  and  dextrine  goes  on  with  great  slowness  throughout  the 
whole  intestinal  canal. 

Our  own  experiments  have  yielded  results  similar  to  those  of 
Bouchardat  and  Sandras,  and  confirm  their  conclusion,  that  neither 
asotized  matters  nor  amylaceous  substances  contribute  to  form  the 
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true  whito  chyle.  At  least  it  may  be  affirmed  that  when  tnimab 
are  fed  on  such  food,  carefully  freed  from  all  oily  or  fatty  matten, 
the  fluid  which  is  found  in  the  lacteal  vessels  is  perfectly  trans* 
parent,  and  in  all  respects  identical  with  that  which  is  fonnd  in 
them  after  a  long  fast.  We  select  the  following  experiments  in 
illustration  of  this  statement: — 

Exp.  1. — A  cat  was  fed  on  horse-flesh,  carefully  freed  from  fat, 
on  the  7th  of  July,  1848.  On  the  two  subsequent  days  it  was  fed 
on  the  whites  of  eggs,  freed  from  yelk :  and  on  the  10th,  it  was  fed 
on  the  whites  of  five  eggs,  at  nine  o'clock  A.  M.  At  half-past  one 
P.  M.,  on  the  same  day,  it  was  killed.  The  thoracic  duct  ms 
filled  by  a  perfectly  limpid  chyle,  which  exhibited  no  molecniar 
base,  a  few  chyle-corpuscles,  and  a  few  blood- corpuscles.  The 
lacteals  were  with  difficulty  visible  in  consequence  of  the  transpa- 
rency of  the  fluid  by  which  they  were  filled.  The  stomach  and 
duodenum  contained  pieces  of  softened  albumen,  as  well  as  a  con- 
siderable quantity  of  a  soft  homogeneous  jelly-like  mass.  In  the 
latter  intestine  the  villi  were  covered  with  epithelium,  and  did  not 
exhibit  any  appearance  to  indicate  that  they  were  the  seat  of  an 
active  process  of  absorption. 

Exp.  2. — A  small  healthy  terrier  was  fed  at  nine  A.  M.  with  half 
a  pound  of  whcaten  bread,  having  previously  fasted  twenty-foor 
hours;  it  was  killed  at  one  o'clock  on  the  same  day.  The  thoracic 
duct  was  filled  with  a  clear  fluid,  which,  when  collected  on  a  slip 
of  glass,  exhibited  a  faintly  reddish  hue.  Under  the  microscope  it 
was  found  to  exhibit  numerous  red  blood-corpuscles,  with  a  much 
small  number  of  white  corpuscles,  but  more  than  the  usual  pro- 
portion for  blood.  No  molecules  were  perceptible.  The  fluid, 
when  collected  in  a  watch-glass,  coagulated  in  two  minutes  into 
a  firm  clot.  A  small  quantity  of  softened  bread  was  found  in 
the  stomach,  and  a  still  smaller  quantity  of  the  same  bread  rerj 
much  softened,  liquid,  difi'used,  and  coloured  by  bile,  was  found  in 
the  duodenum.  In  both,  the  contents  were  acid.  The  villi  were 
covered  with  epithelium,  which  adhered  firmly  to  them,  without  any 
great  opacity  of  their  interior,  or  other  indication  of  activity  of 
function.  On  chemical  examination,  by  our  friend  Mr.  Lii>nel 
Beale,  junior,  a  highly  competent  analyst,  the  contents  of  the 
stomach  were  found  to  consist  of  a  small  quantity  of  sngar,  vriih  a 
good  deal  of  starch;  while  in  the  duodenum,  sugar  existed  in  groat 
abundance,  and  the  starch  only  in  very  minute  quantity. 

Exp.  3. — A  similar  dog  to  the  preceding  was  fed  at  the  same 
time  with  two  ounces  and  a  half  of  horse-flesh,  and  the  same  quan- 
tity of  beef  suet ;  it  was  killed  four  hours  and  a  half  after  having 
been  fed.  The  whole  lacteal  system  was  distended  with  a  white 
milky  chyle,  which,  under  the  microscope,  showed  a  large  quantity 
of  molecular  matter,  as  well  as  red  and  white  blood-corpu?ek^. 
The  contents  of  the  intestine  were  more  or  less  acid  throughout, 
and  abundantly  coloured  by  bile.  There  were  very  numerous  white 
flocculi,  most  conspicuous  in  the  duodenum,  and  becoming  gra«lually 
less  nunicrous  to  within  an  inch  or  two  of  the  caecum,  where  they 
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These  flocculi  consisted  of  an  abundance  of  granular  matter 
)lumnar  epithelium,  having  the  free  ends  of  the  particles 
ith  minute  oil-globules,  while  the  neighbouring  epithelium 
ed  no  oily  matter.  The  villi  were  mostly  stripped  of  their 
al  sheaths,  or  held  them  very  loosely ;  the  intra-villous 
re  was  opaque,  and  the  vesicular  structure  beneath  the  base* 
embrane  at  their  free  extremities  was  very  distinct, 
as  evident  in  these  experiments  that  the  marked  contrast 
1  the  state  of  the  contents  of  the  lacteals,  and  the  condition 
rilli,  was  connected  with  the  presence  or  absence  of  fat  in  the 
id  that  so  long  as  the  food  was  purely  albuminous  or  fibrin- 
mainly  amylaceous,  the  chyle  was  transparent,  and  the  villi 
itly  inactive ;  but  that  the  addition  of  fat  to  the  food  called 
i  into  activity,  and  filled  the  lacteals  with  an  abundant  milky 

we  to  infer  then  that  the  lacteals  absorb  fatty  matters  only, 
^t  the  villi  are  altogether  inactive,  save  when  fatty  or  oily 
ces  are  to  be  absorbed  ?  We  apprehend  that  such  an  infer- 
not  justifiable  ;  it  may,  however,  be  concluded  that  the  villi 
»  lacteals  are  capable  of  absorbing  all  substances  which  the 
ssels  absorb,  and  by  a  simple  process ;  but  that  the  absorp* 
fatty  matters  devolves  upon  them  only,  and  is  a  more  com- 
ocess,  involving  considerable  changes  in  their  tissue, 
upon  similar  grounds  we  may  conclude  that  while  albuminous 
rinous  aliments  contribute  to  the  formation  of  chyle,  they  do 
^essarily  undergo  the  change  into  chyle  in  order  to  be  ab- 
But  fatty  matters  appear  to  admit  of  absorption  in  no  other 
:cept  by  a  reduction  to  the  state  of  molecular  base  of  the 
hyle. 

e  observations  and  experiments  denote  sufficiently  clearly 
0  channels  exist  for  the  transmission  of  the  nutritious  mat- 
>m  the  ibtestines  to  the  blood ;  one  through  the  lacteals,  by 
i ;  the  other  directly  through  the  walls  of  the  bloodvessels 
ves.  Matters  taking  the  latter  route  must  pass  through  the 
ad  would  be  subjected  to  the  influence  of  that  gland  before 
ach  the  inferior  vena  cava  and  the  right  auricle,  while  those 
through  the  former  channel  must  permeate  a  totally  distinct 
of  vessels,  namely,  the  lacteal  system,  to  be  conveyed  to  the 
r  vena  cava  and  to  the  right  auricle,  where,  having  mingled 
e  blood  coming  from  the  liver,  both  are  transmitted  by  the 
mtricle  to  the  lungs. 

it  would  seem  that  the  object  of  the  two  modes  of  absorption 
intestine,  and  of  the  two  paths  of  transmission  from  the  in- 
to the  centre  of  the  circulation,  is  to  keep  separate,  up  to  a 
rint,  two  kinds  of  material  resulting  from  the  digestion  of 
And  probably  the  reason  why  one  kind  of  product  is  re- 
to  pass  through  the  intricate  capillary  plexuses  of  the  vascu- 
tem  of  the  liver,  to  the  exclusion  of  the  other,  is  because  it 
8  material  out  of  which  the  liver  may  elaborate  bile  ;  whilst 
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the  other  material  is  transmitted  through  a  less  complicated  seria 
of  channels  more  directly  to  the  lungs. 

Of  the  Offices  of  the  Pancreas  and  Liver  in  Digetition. — ^The  pn- 
sence  of  two  such  great  glands  as  the  pancreas  and  the  liver  ent- 
ing  in  a  largo  portion  of  the  animal  kingdom  at  tEe  upper  partef 
the  intestinal  canal,  and  pouring  their  secreted  fluid  into  it,  obTMmslj 
denotes  a  connection  between  the  fluids  secreted  by  these  gltodi^ 
and  the  changes  which  the  food  undergoes  in  this  part  of  tbe  » 
testine. 

As  the  function  of  the  pancreas  has  been  determined  with  greater 
accuracy  than  that  of  the  liver,  it  will  be  more  convenient  to  ooi- 
sider  it  first. 

Function  of  the  Pancreas  in  Digestion. — The  presence  of  tiie 
pancreas  is  constant,  at  least,  in  the  vertebrate  classes. 

It  is  present  in  all  the  mammalia — it  is,  perhaps,  better  developel 
in  carnivora  than  herbivora ;  in  all  it  is  in  intimate  relation  with  thi 
upper  part  of  the  small  intestine  into  which  it  pours  its  secreticmby 
one  or  two  ducts.  In  some,  as  in  man,  the  pancreatic  duct  and  tb 
common  choledoch  duct  open  into  the  duodenum  at  the  same  pliee; 
in  others  they  open  at  some  distance  from  each  other  (as  mneh  tf 
sixteen  or  seventeen  inches  in  the  rabbit)  but  in  all  they  open  into 
the  same  portion  of  the  intestinal  canal ;  and  the  pancreatic  dnet, 
always  helow  the  biliary  duct,  when  they  do  not  open  together. 
Some  doubt  exists  as  regards  its  presence  in  fishes.  In  raj8  and 
sharks,  a  solid  gland  exists,  corresponding  to  the  pancreas ;  and  in 
osseous  fishes  a  similar  gland  has  recently  been  discovered  by  Stan- 
nius,  which  appears  to  be  its  analogue.  "*" 

The  secretion  of  the  pancreas  has  some  resemblance  to  salin.  It 
has  been  lately  studied  with  great  care  by  M.  Bernard,  from  vhose 
clear  and  admirable  memoir  the  following  account  of  it  is  derivei 

The  pancreatic  fluid  maybe  procured  most  readily  and  in  greatest 
quantity  at  the  commencement  of  the  digestive  process.  Bcmari 
obtained  it  from  the  dog  in  the  following  manner :  the  animal  hanog 
been  well  fed,  after  a  fast  of  some  hours,  an  incision  was  made  into 
the  abdomen  below  the  margin  of  the  ribs  sufficiently  large  to  enable 
the  operator  to  draw  out  the  duodenum,  and  with  it  a  portion  of 
the  pancreas.  The  larger  of  the  two  pancreatic  duct^  was  now 
rapidly  isolated,  and  opened  with  fine  scissors,  and  into  this  opening 
a  silver  tube  was  introduced  and  fixed  in  the  duct  by  a  ligature. 
The  intestine  and  pancreas  were  replaced,  and  the  wound  in  the  ab- 
domen closed  by  suture,  the  free  extremity  of  the  tube  being  alloire«l 
to  project  through  it.  To  the  silver  tube  was  now  attached  a  small 
caoutchouc  bag,  perfectly  exhausted  of  air,  and  to  the  oppasite  end 
of  this  another  similar  tube  was  fixed.  The  pancreatic  fluid  flowed 
freely  through  the  first  tube  into  the  caoutchouc  bag,  and  accumn- 
lated  there ;  and  as  much  as  two  drachms  and  a  quarter  were  col- 

*  MQller*3  Archiv.,  1810. 
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•eted  in  fi?e  hours  and  a  half.     The  fluid  flowed  from  the  tube  freely 
Irop  by  drop. 

When  this  operation  was  performed  at  the  commencement  of  di- 

rtion,  Bernard  obtained,  between  half-past  seven  A.  M.  and  five 
M.,  four  drachms  and  one  third  of  the  fluid,  making  an  average  of 
■Mrly  half  a  drachm  an  hour. 

On  the  following  day,  when  signs  of  inflammation  had  shown 
dwmselves  in  the  wound,  more  than  four  drachms  of  the  fluid  were 
ibtained  in  one  hour  and  a  quarter.  The  quantity  of  the  secretion 
considerably  increased,  but  its  quality  was  altered — its  consist- 
being  much  diminished,  and  its  physiological  properties  mate* 
mIIy  changed. 

TVhen  the  experiment  was  performed  on  an  animal  in  which  the 
llgestive  process  was  fully  established,  the  quantity  of  fluid  obtained 
much  less  than  at  the  earlier  period,  but  its  quality  much  the 
During  abstinence,  only  a  very  small  quantity  of  the  pancrea- 
tto  juice  could  be  obtained  at  the  time  of  the  operation;  but  the  fol- 
bwing  day,  when  the  wound  became  inflamed,  a  fluid  much  altered 
'm  quality  flowed  out  very  freely. 

If  the  operation  were  slowly  performed,  so  as  to  expose  the  intestine 
loDg  to  the  action  of  the  air,  and  to  irritate  it  and  the  gland,  the 
IBantity  and  quality  of  the  secretion  were  much  altered. 

As  the  characters  of  the  pancreatic  fluid  vary  so  readily  with  the 
Wt^amstances  attending  the  operation  of  obtaining  it,  Bernard  de- 
loribes  two  kinds  of  fluid,  the  first  being  the  normaly  or  that  ob- 
tained under  the  best  conditions,  the  second,  the  morbid^  or  that 
ibtained  after  inflammation  has  commenced  in  the  wound  and  in  the 
pancreas. 

.  The  normal  pancreatic  fluid  is  a  colourless,  limpid  fluid,  viscid 
lad  gluey,  flowing  slowly  by  large  pearly  or  syrupy  drops,  and  be« 
poming  frothy  on  agitation.  It  has  no  characteristic  odour — it  has 
a  slightly  saltish  taste  resembling  that  of  the  serum  of  the  blood. 
Bonard  has  always  found  it  alkaline  in  reaction — never  either  acid 
W  neutral.  It  coagulates  by  heat  as  completely  as  white  of  egg, 
bacoming  completely  solid,  and  not  leaving  a  drop  of  fluid.  The 
■ineral  acids,  likewise,  cause  it  to  coagulate,  as  also  the  metallic 
■alts,  alcohol,  and  pyroxylic  spirit.  It  is  not  coagulated  by  dilute 
aeetic,  lactic,  or  hydrochloric  acids.  Alkalies  cause  no  precipitate 
in  it,  but  redissolve  that  thrown  down  by  heat,  acids,  or  alcohol. 

This  constituent  of  the  pancreatic  fluid,  which  is  coagulable  by 
kaaty  &c.,  although  apparently  identical  with  albumen,  is  not  so : 
it  differs  from  albumen  in  the  following  point.  When  the  coagulum 
obtained  from  the  pancreatic  fluid  by  alcohol  is  dried,  it  can  be  re- 
diaflolved  completely  and  readily  in  water,  and  it  gives  to  the  water 
die  peculiar  viscidity  of  the  pancreatic  juice,  and  likewise  its  physio- 
logical properties,  whilst  albumen  treated  in  the  same  way,  undergoes 
■oarcely  any  appreciable  solution  in  water. 

At  a  high  temperature  the  pancreatic  juice  rapidly  changes,  is 
deeomposea,  and  loses  its  property  of  coagulating  by  heat.  At  a 
low  temperature  it  may  be  preserved  for  many  days — when  its  vis* 
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cidity  increases  and  it  becomes  of  the  consistence  of  a  weik  jdlj. 
Bernard  has  examined  the  pancreatic  juice  in  rabbits,  horses,  ul 
birds,  and  has  found  it  in  all  to  exhibit  the  same  essential  chincttr 
as  in  dogs. 

We  have  already  stated  that  the  pancreatic  fluid,  or  a  piece  of  di 
pancreas  itself,  is  capable  of  promoting  the  transformation  of  stuck 
into  sugar,  and  therefore  of  promoting  the  digestion  of  amylteeM 
matters.  But  that  this  power  does  not  belong  exclusively  to  fk 
pancreatic  fluid  is  evident  from  the  fact  that  other  fluids  or  siumI 
substances  are  capable  of  producing  similar  transformations.  Bo^ 
nard  has  shown  by  direct  experiment  that  the  pancreatic  fluid  ptt* 
scsses  the  peculiar  property,  which  is  not  enjoyed  by  any  o^ 
animal  fluid,  of  modifying  in  a  special  manner  or  digesting  all  tk 
neutral  fatty  matters  which  are  met  with  in  food. 

Thus  by  mixing  fresh  pancreatic  juice,  possessing  the  noiwl 
characters  above  described  of  viscidity  and  alkalinity,  with  oliTe  d, 
and  shaking  the  fluids  well  together,  a  perfect  emulsion  is  fonie^ 
and  a  liquid  similar  to  milk  or  chyle  is  the  result.  A  similar  elect 
is  produced  by  the  admixture  of  pancreatic  juice  and  fresh  botto', 
or  of  mutton  suet,  or  hog*s  lard,  care  being  taken  to  expose  tki 
mixture  in  a  sand-bath  to  a  temperature  of  from  95^  to  100^  Fski, 
so  as  to  melt  the  butter  and  suet,  and  afterwards  to  shake  the  mil' 
ture  well. 

So  perfect  is  the  emulsion  formed  by  means  of  the  action  of  th 
normal  pancreatic  fluid  upon  fatty  matters,  that  the  mixture,  if  left 
from  fifteen  to  eigliteen  hours  at  a  temperature  of  from  95®  to  100*, 
continues  to  exhibit  the  same  colour  and  appearance,  nor  does  say 
separation  take  place  between  the  fatty  matter  and  the  panerestic 
fluid.  It  appears,  nevertheless,  that  the  fat  is  not  simply  dirided, 
and  made  into  an  emulsion,  but  that  it  has  undergone  a  chemiesl 
change  into  glycerine,  and  a  fatty  acid;  the  fluid,  which  immediately 
after  the  admixture  was  distinctly  alkaline,  becomes,  after  remaiiuDg 
five  or  six  hours,  as  distinctly  acid.  In  the  tube  in  which  batter 
had  been  submitted  to  the  action  of  the  pancreatic  juice,  butyric 
acid  was  easily  recognized  at  a  distance  by  its  cliaractcristic  odour. 

We  find  that  on  rubbing  up  a  piece  of  quite  recent  pancreas  taken 
from  an  animal  killed  during  the  digestive  process,  with  fat  or 
lard,  and  a  little  water  at  a  temperature  of  1>5°  or  100°,  a  very  per- 
fect white  emulsion  is  quickly  formed. 

Bernard  instituted  experiments  to  ascertain  whether  other  animal 
fluids  possessed  this  power  over  oily  or  fatty  matter.  The  fluids  tried 
were  bile,  saliva,  gastric  juice,  serum  of  blood,  and  cerebro-spinil 
fluid,  but  none  of  them  were  found  to  cause  any  permanent  change, 
either  mechanical  or  chemical,  in  the  substances  submitted  to  their 
influence. 

It  also  appears,  from  Bernard's  experiments,  and  this  is  a  point 
which  may  throw  some  light  on  certain  forms  of  dyspepsia,  that  in 
order  that  the  pancreatic  fluid  should  exorcise  its  perfect  action,  it 
must  be  strictly  normal.  Bernard  found  that  what  he  calls  the 
abnormal  fluid,  namely,  that  which  exhibits  no  viscidity,  which  i» 
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ftCery  and  does  not  coagulate  by  heat,  bas  no  effect  upon  fatty  sub- 
Hiees. 

TSd  complete  the  proof  of  the  special  action  of  the  pancreatic 
Ud  in  the  digestion  of  fatty  matters,  Bernard  states  that  he  has  tied 
>the  dog  the  two  pancreatic  ducts,  of  which  the  smaller  opens  quite 
Me  to  the  choledoch  duct,  and  the  larger  about  three  quarters  of 
friiieh  lower  down.  Under  such  circumstances  fat  passes  through 
M  small  intestine  unaltered,  and  the  lacteals  are  filled  with  limpid 
M^  totally  devoid  of  the  white  colour. 

The  influence  of  the  pancreatic  fluid  in  the  formation  of  the  white 
ifhy  by  its  action  upon  fatty  food,  is  beautifully  illustrated  by 
immrd,  in  a  very  simple  experiment  upon  the  rabbit,  which  we  have 
feated  with  results  precisely  corresponding  with  those  obtained  by 
ito.  The  rabbit  is  selected  for  this  observation,  because,  while  the 
lokdoch  duct  opens  into  the  duodenum  just  below  the  pylorus, 
m  pancreatic  duct  opens  as  much  as  sixteen  or  seventeen  inches 
^i«r  down,  so  that  all  that  length  of  intestine  receives  bile  only. 
/flBimll  quantity  of  melted  hog's  lard  was  injected  into  the  stomach 
b  animal  having  been  kept  without  food  for  twenty-four  hours 
evfiously),  after  which  it  was  left  to  eat  freely  of  parsley  and  carrots. 
Her  five  or  six  hours  it  was  killed.  Between  the  openings  of  the 
m  ducts  the  lacteals  contained  a  clear  limpid  fluid ;  but  belota  the 
inereatic  duct  the  lacteals  were  turgid  with  a  rich  white  creamy 
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confirmation  of  these  results  of  experiments,  it  may  be  stated 
at  patients  labouring  under  disease  of  the  pancreas  invariably  suf- 
r  firom  extreme  emaciation,  and  many  cases  are  recorded  in  which 
I  appeared  unaltered  in  the  stools — apparently  in  consequence  of 
Jjgnant  disease  of  the  pancreas.  Cases  of  this  kind  are  recorded 
f-Bliotson,  Bright,  and  others. 

•Aom  the  preceding  facts,  so  well  collected  by  the  industry  and 
■teness  of  Bernard,  it  seems  to  us  that  we  must  conclude  that  the 
ineipal  function  of  the  pancreatic  fluid  is  to  digest  fatty  matters, 
at  18,  to  reduce  them  to  a  state  which  will  admit  of  their  ready 
aorption  by  the  lacteals.  This  power  is  mainly  due  to  the  organic 
iofliple  resembling  albumen  which  is  held  in  solution  in  the  pan- 
Batie  fluid. 

An  objection  to  this  view  arises  from  the  fact  that  some  animals 
.Ta  no  fat,  or  oily  matter,  in  their  food,  as,  for  example,  many  vege- 
bla  feeders.  This  objection,  however,  may  be  thus  met,  that 
arly  all  vegetable  substances  contain  a  certain  proportion  of  oily 
itter,  however  small — and,  moreover,  the  pancreatic  fluid  might 
rra  to  digest  the  fatty  matters  of  the  bile  which,  by  absorption  into 
a  lacteals,  are  readily  carried  to  the  lungs  for  combustion. 
Sat  that  the  digestion  of  fat  food  is  not  the  only  ofiice  of  the  pan- 
Baa  in  digestion,  is  sufficiently  proved  by  the  experiments  of  Bou- 
ardat  ana  Sandras,  already  referred  to,  which  point  out  the  import- 
t  share  it  takes  in  the  digestion  of  amylaceous  matters. 
We  may  therefore  conclude  that  the  pancreas  secretes  a  fluid  of 
the  office  is — first,  and  specially,  to  digest  fatty  and  oily  ele- 
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ments;  and,  secondly,  to  convert  starch  into  sugar,  and  tbiu  toji^ 
mote  the  digestion  and  absorption  of  am  jlaceous  food. 

The  Function  of  the  Liver. — The  liver  is  the  largest  gland  is  tki 
body.'  It  is  remarkable  not  only  for  its  complex  stmcture,  vU 
will  be  described  in  the  chapter  on  Secretion,  but  also  for  ita  pra- 
liar  double  circulation.  It  is  supplied  with  blood  from  two  som^ 
namely,  from  the  hepatic  artery ^  which  carries  red  blood  to  it,  nl 
is  distributed  mainly  to  the  coats  of  the  ducts — and  from  the  mm 
portiCj  a  vein  in  structure,  but  an  artery  in  its  mode  of  bnndun^ 
which  conveys  a  large  quantity  of  dark  blood,  derived  from  tfa 
veins  of  the  stomach,  the  intestines,  tbe  pancreas,  and  the  spkOi 
and  which  ramifies  throughout  every  part  of  the  liver,  passing  irii 
a  dense  capillary  plexus,  whence  it  is  taken  up  by  the  hepatic  tom, 
and  carried  to  the  right  side  of  the  heart.  By  this  arrangement  dl 
matters  absorbed  into  the  blood  from  the  gastro-intestinalsnrliMMt 
pass  through  the  liver,  a  point  of  anatomy  which  indicates  tbit  ill 
material  added  to  the  blood  by  absorption  from  the  stomach  tndii- 
testines,  in  some  way  contributes  to  support  the  function  of  tb 
gland. 

We  may  justly  assume  that  the  bile  is  secreted  from  the  blood  of 
the  vena  portae,  because  of  the  great  size  of  that  vessel  and  thenrt 
extent  of  the  capillary  plexus,  which  it  supplies,  more  especiaDyii 
the  small  size  of  the  hepatic  artery  compared  with  the  great  bik 
of  the  gland,  and  the  trifling  degree  to  which  it  can  contribute  U 
the  formation  of  the  capillary  plexus  of  the  organ,  clearly  disqulify 
it  for  contributing  to  the  secreting  process. 

The  bile,  as  a  separated  product,  first  shows  itself  in  the  minuti 
canals  or  ducts  which  originate  in  the  substance  of  the  lireffiB' 
which,  by  frequent  successive  junctions,  form  two  large  ducts,  eiA 
somewhat  larger  than  a  crow-quill,  which  emerge  at  the  tranavew 
fissure  of  the  liver,  the  one  from  its  right,  the  other  from  its  left 
lobe.  These  two  ducts  pass  for  a  short  distance  downwards  and  in- 
wards, enveloped  by  Glisson's  capsule,  along  with  the  trunks  of  tb« 
hepatic  artery  and  portal  vein,  and  with  the  hepatic  plexus  of  nervcj 
and  several  largo  lymphatics,  with  some  lymphatic  glands.  AboQt 
an  inch  below  their  emergence  tliey  unite  at  an  acute  angle,  aci 
form  a  single  duct  a  little  larger  than  either ;  this  is  the  hepatic  i^t'' 
which  soon  unites  with  a  short  duct  proceeding  from  the  gall-bh'i- 
der,  the  ci/stw  duct.  The  union  of  these  two  ducts  forms  the  ^M'-fw* 
communiB  choIedochuSj  between  two  an»l  three  inches  in  lengtiu 
which  passes  behind  the  two  upper  thirds  of  the  duodenum,  ana 
opens,  along  with  the  pancreatic  duct,  into  that  intestine,  in  orck** 
to  the  angle  of  junction  of  its  middle  and  inferior  third. 

The  gall-bladder  is  a  pyriform  bag,  placetl  in  a  depression  on  tl^ 
inferior  surface  of  the  riglit  lobe  of  the  liver,  and  serving  as  a  rc^r- 
voir  for  tlie  accumulation  of  the  bile  when  its  flow  into  the  iniestse 
is  interrupted  or  retardcMl.  We  infer,  at  least,  that  this  is  its  p'ifl* 
cipal  use,  because  it  is  always  found  full  after  a  long  fast,  and  cinp'y 
when  digestion  is  ffoinnr  on.     Blondlot  tied  the  common  bile-ducl  of 
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r,  and  established  a  fistulous  communication  between  the  gall- 

ler  and  the  external  integument ;  thus  the  bile,  which  ought  to 

md  into  the  intestine,  would  flow  out  at  this  opening.     He  states 

while  the  animal  was  fasting  sometimes  not  a  drop  of  bile  would 

at  the  orifice,  even  for  some  hours ;  but  in  about  ten  minutes 

the  introduction  of  food  into  the  stomach,  the  bile  would  begin 

low  freely,  and  continue  to  do  so  as  loug  as  digestion  was  going 

^    The  process  of  digestion  in  the  duodenum  appears  to  favour 

flow  of  the  bile  into  the  intestine,  either  by  the  stimulus  of  the 

in  contact  with  the  mucous  membrane,  acting  by  reflection 

the  muscular  coat  of  the  gall-bladder,  and  causing  it  to  contract 

expel  its  contents,  or,  by  altering  its  position,  so  as  to  favour 

descent  of  the  bile,  or  by  changing  the  condition  of  the  orifice 

the  duct,  which  in  the  empty  state  of  the  bowel  would  be  closed 

the  contraction  of  the  intestinal  circular  fibres.     Indeed,  it  is 

Me  that  all  these  causes  would  be  brought  into  operation  by 

duodenum  becoming  filled  with  food,  and  the  digestive  process 

ig  set  up  in  it. 

That  the  gall-bladder  is  not  an  essential  part  of  the  excretory 

l^pperatus  of  the  liver  is  shown  by  the  fact  that  it  is  not  universally 

»nt  even  in  the  highest  classes  of  animals.     This  reservoir  is 

id  in  the  animal  series  first  in  fishes ;  but  it  is  absent  from  many 

lera  of  that  class.     It  exists  pretty  constantly  in  reptiles  and 

being  occasionally  wanting  in  the  latter,  and  in  mammalia  it 

•bsent  from  many  of  the  genera.     We  do  not  know  the  precise 

w  which  regulates  its  presence  or  absence,  but  it  seems  that  the 

igth  of  time  for  which  animals  are  accustomed  to  fast  has  prob- 

^^piblj  a  good  deal  of  influence.     Thus,  in  the  herbivora,  which  eat 

Ben,  and  at  short  intervals,  and  whose  digestion  is  slow,  the  gall- 

idder  is  frequently  absent ;  and  in  the  carnivora,  which  eat  at  long 

^.IpBtenrals,  it  is  almost  constantly  present.     But  there  are  many  of 

,^jiM  herbivora  in  which  it  is  present,  as  in  the  ox,  the  sheep,  the 

^oet,  fto*     In  the  first  giraffe  examined  in  this  country  by  Professor 

^Owen  there  was  no  gall-bladder ;  in  the  second  two  were  found. f 

Quantity  of  Bile  secreted. — Various  attempts  have  been  made  to 
estimate  the  quantity  of  bile  secreted  by  the  liver  in  a  given  time ; 
Imt,  in  truth,  we  have  no  satisfactory  knowledge  on  this  point. 
iUondlot,  by  the  experiment  upon  a  dog  detailed  above,  was  able  to 
eoOect  the  bile  that  flowed  out  at  the  external  orifice,  which  must 
]i»Te  been  all  that  was  secreted.  The  quantity  thus  obtained  from 
one  of  his  dogs  amounted  in  twenty-four  hours,  on  the  average,  to 
twelve  drachms  and  a  half.  Assuming,  then,  with  Haller,  that  the 
lirer  of  a  man  secretes  four  or  five  times  as  much  bile  as  that  of  a 
dog,  we  may  conclude  that  the  average  quantity  poured  into  the 
hmnan  intestine  in  twenty-four  hours,  is  from  six  to  eight  ounces. 
Haller,  himself,  however,  had  formed  a  much  larger  estimate  than 
tliifl^  namely,  seventeen  to  twenty-four  ounces. 

*  EsBiu  snr  les  fonctions  du  Foie,  p.  62. 
f  Art.  "Liver,"  Cyclop.  Anat  and  Phys. 
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The  Physical  ajid  Chemical  Properties  of  Bile. — ^ThebOeiii 
thick,  ropy  fluid,  of  a  greenish-yellow  colour,  a  bitter  taste,  ml  i 

feculiar  nauseous  smell,  with  a  specific  gravity  of  1026  to  IHl 
t  has  an  antiseptic  power,  and  not  only  itself  resists  putretutNi 
for  a  considerable  period,  but  prevents  substances  with  vhiek  il 
mixes  from  putrefying.  The  excessive  fetor  of  the  feces  in  mm 
cases  of  jaundice  from  complete  obstruction,  and,  perhaps,  ilnii 
cholera,  is  probably  due  to  the  absence  of  the  antiseptic  inliM 
of  the  bile.  The  reaction  of  the  bile,  according  to  Gorup-Bemai^ 
when  first  secreted,  neutral ;  but  subsequently  it  becomes  sligMj 
acid,  and  ultimately  alkaline.  The  well-known  cleansing  propotki 
of  ox-gull  are  due  to  the  presence  of  alkali  in  it,  in  conadenlb 
quantity. 

According  to  the  cinalysis  of  Berzelius,  which  seems  to  be  Ae 
most  trustworthy,  and  with  which  that  recently  made  by  MnUer* 
accords  very  closely,  bile  consists  of  water  holding  mucus  in  nipA' 
sion,  and  in  solution  certain  salts,  with  a  peculiar  complex  substiM 
called  by  Berzelius  Bilin  ;  also  fat,  and  a  special  colouring  mittcr. 
The  following  is  Berzelius's  table  of  the  analysis  of  oz-gall. 

Water              9M.4 

llilin  (with  fat  and  colouring  matter) 8QlO 

Miicud     ...      - OLO 

Salts 12.6 

lOOQiO 

According  to  Bcrzelius's  view  of  the  composition  of  bile,  itsffsn- 
tial  nnd  most  important  constituent  is  the  Bilin^  a  substance  vhich 
has  a  remarkable  tendency,  under  certain  circumstance^  to  be 
metamorphosed  into  taurine,  hydrochlorate  of  ammonia,  ami  into 
two  resinous  acids,  which  he  hus  named  fdlinic  acid  and  Mwt 
acid. 

Bilin  is  inodorous,  and  has  a  peculiar  sweetish-bitter  taste,  nost 
perceptible  at  the  base  of  the  tongue  and  fauces.  This  sweetness  is 
attributed  by  Berzelius  to  the  admixture  of  some  glycerine,  whick 
may  be  derived  from  the  fatty  matters  of  the  bile.  It  di??ohes 
readily  in  water  and  in  alcohol,  but  not  in  ether.  It  is  neutral, aiiJ 
forms  soluble  combinations  with  acids  and  bases. 

The  substances  above  named  may  be  obtained  from  bilin  by 
digesting  it  in  dilute  hydrochloric  acid.  The  fellinic  and  clioliuic 
acids  arc  insoluble,  the  others  are  soluble  in  water. 

Taurine  is  a  crystalline  substance,  consisting  of  colourlos?  sii- 
sided  prisms.  It  dissolves  in  about  sixteen  times  its  wei'^ht  of  water 
at  00°,  and  is  more  soluble  at  a  hi;:her  temperature.  It  conuhi? 
sulphur,  according  to  Bcdtonhacher.f  Its  composition  is  repn"- 
sented  by  the  formula  C^XJI^OjiSj.  The  fflliuic  and  chofinic  iciii 
resemble  each  other  very  much  in  their  external  properties.  TJiej 
are  little  or  not  at  all  soluble  in  water,  but  are  readilv  dissulvoiii*J 
alcohol ;  the  felUnic  acid  is  readily  dissolved  by  ether,  the  Mir(^'- 

*  Untcrsucliunjroii  ubor  die  (iiille,  kc.     FrnnkfMi-t,  1S17. 

t  Aniiahiii  der  (.'bcniic  uiid  Phnrmiicie  vou  Jwcbig  iind  Woliler,  Feb.,  l^C. 
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ilj  slightly.  They  form  nearly  similar  compounds  with  the  alka- 
Mi  earthy  and  metallic  oxides ;  but  their  salts  of  baryta  differ ; 
m  fellinate  of  baryta  being  soluble  in  alcohol,  the  cholinate  of 
nryta  insoluble.  The  product  called  by  Berzelius  dy%ly9in^  is 
»teined  by  boiling  these  acids  for  a  long  time  in  hydrochloric  acid. 
;  it  dissolved  with  diflSculty  in  boiling  alcohol,  and  on  cooling  pre- 
|ntates  an  earthy  powder.  Fellinic  and  cholinic  acids  have  the 
roperty  of  combining  and  forming  acid  compounds  with  undecom- 
Med  bilin ;  these  have  been  named  by  Berzelius,  hili-fellinic  and 
m^holinie  acids. 

According  to  Berzelius  and  Mulder,  bilin  begins  to  undergo  these 
iJuigeB  in  the  gall-bladder  of  the  living  animal ;  and  it  is,  probably, 
lis  proneness  to  change  on  the  part  of  its  principal  constituent 
Inch  makes  the  analysis  of  bile  so  difficult,  and  gives  rise  to  so  much 
iMrsity  of  opinion  among  chemists. 

The  fat  of  bile  exists  partly  in  combination  with  soda,  as  oleate 
lid  margarate  of  soda,  and  principally  as  a  peculiar  substance  found 
Illy  in  bile  and  in  the  nervous  matter,  namely,  cholesterine.     This 

separable  from  the  other  constituents  of  the  bile  by  agitation  in 
Jier,  which  dissolves  it ;  from  this  solution  it  crystallizes  in  plates. 
t  exhibits,  when  pure,  the  white  crystalline  lamellated  structure  of 
>eiinaceti,  from  which  it  differs,  however,  in  requiring  a  much 
igher  temperature  for  its  fusion,  namely  278^,  and  in  not  forming 

soap  with  potash.  Its  formula  is  Cj^H^O.  Cholesterine  is  the 
rincipal  constituent  of  the  gall-stones  most  commonly  met  with  in 
le  biliary  passages. 

The  colouring-matter  of  bile  {cholepyrrhin^  Berzelius)  is  one  of 
B  most  interesting  constituents.  It  varies  in  different  animals,  and 
nrhaps  in  the  same  animal  at  different  times,  according  to  the 
»te  of  health.  Like  bilin  it  decomposes  very  readily,  and  there- 
nre  cannot  be  obtained  pure ;  but  it  has  been  procured  for  analysis 
"om  the  gall-bladder,  where  it  is  sometimes  deposited  as  a  yellow 
ibstance  mixed  with  mucus.  It  is  very  sparingly  soluble  in  most 
luds ;  scarcely  at  all  in  water,  and  very  little  in  alcohol.  Its  best 
ilrent  is  a  solution  of  soda  or  potass.  Such  a  solution,  containing 
le  colouring  matter  of  bile,  becomes  green  on  exposure  to  the  air, 
dd  on  the  addition  of  an  acid  precipitates  green  flocculi,  which 
Oflsess  all  the  properties  of  chlorophyll,  the  green  colouring-matter 
F  plants.  To  this  precipitate  Berzelius  has  given  the  name  biliver- 
The  most  remarkable  property  of  the  colouring-matter  of 
is  the  play  of  colours  which  it  is  capable  of  producing  under 
be  influence  of  a  mineral  acid,  especially  nitric  acid.  A  little  of 
his  acid,  added  to  bile,  or  to  a  fluid  in  which  its  colouring-matter  is 
iseolved,  as  it  often  is,  in  urine,  will  change  the  colour  into  blue, 
;reen,  violet,  red,  and  ultimately  brown,  in  a  few  seconds.  It  is 
ighly  probable,  as  some  chemists  affirm,  that  there  exists  a  great 
jialogy  between  the  colouring-matter  of  the  bile  and  that  of  the 
»1ood:  as  there  is  also,  most  likely,  between  these  colouring  princi- 
iles  and  those  of  nervous  substance,  skin,  and  hair. 
In  addition  to  these  constituents  bile  contains  muciL9  in  consider- 
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able  qnantitj,  to  which  probably  is  due  its  peculiar  visddi^.  Itii 
derived  chiefly  from  the  numerous  mucous  follicles  in  the  bile-dadi| 
and  from  the  mucous  membrane  of  the  gall-bladder,  and  peilufi 
also  from  the  debris  of  the  hepatic  cells  after  they  have  bnnfcal 
yielded  up  their  contents.  According  to  Berzelins,  the  mneuw 
be  separated  by  filtering  the  bile,  when  a  considerable  portion  of  t 
remains  on  the  filter,  and  if  the  bile  which  has  passed  throo^  k 
subsequently  subjected  to  the  action  of  alcohol,  the  remainine : 
will  separate;  or  it  may  be  precipitated  by  the  addition  of 
acid.  It  is  to  the  presence  of  tbis  mucus  in  bile  that  Bef» 
lius  attributes  the  metamorphic  tendency  of  bilin;  and  he  a&m 
that  if  fresh  bile  be  deprived  of  its  mucus,  the  bilin  will  contiDiu  »• 
changed  for  a  considerable  time. 

Among  the  saline  constituents  of  the  bile  Berzelius  enumcnta 
the  following :  oleate,  margarate,  and  stearate  of  soda,  with  (Ui- 
ride  of  sodium,  sulphate,  phosphate,  and  lactate  of  soda,  and  pkm- 
phate  of  lime. 

Such  is  the  view  of  the  constitution  of  bile  put  forward  by  ik 
celebrated  Berzelius,  and  sanctioned  by  Mulder.  Beneliv  re- 
marks that  the  views  which  regard  bile  as  a  solution  of  soap,  snM 
far  correct,  as  it  contains  a  small  quantity  of  soap  dissolved  ia  it 

The  most  recent  analysis  of  bile  is  that  by  Strecker,  made  laia 
the  direction  of  Liebig,  who  denies  the  accuracy  of  Berzelios's  net, 
adopting  rather  that  of  Dcmar^ay,  Dumas,  Liebie,  and  others,  tbt 
bile  is  a  solution  of  a  salt  of  soda  with  an  organic  substance  of  a 
acid  nature,  which  is  not  a  single  acid,  but  a  mixture  of  a  nit^O|g^ 
nous  acid  free  from  sulphur  {cholic  acid)y  with  a  second  acid,  con- 
taining both  sulphur  and  nitrogen  {choleic  acid). 

Use  of  the  BiUj  and  Function  of  the  Liver, — ^From  the  anatoaj 
of  the  biliary  organs,  as  well  as  from  the  chemistry  of  the  bile,  wt 
learn  that,  before  the  venous  blood  of  the  intestinal  canal  and  the 
spleen  is  allowed  to  reach  the  right  side  of  the  heart,  a  fluid  tcij 
rich  in  carbon  is  eliminated  from  it,  and  poured  into  the  duodeniDBi 
The  following  questions  suggest  themselves  respecting  the  uaes  of 
this  fluid;  viz. :  is  the  bile  simply  an  excrement,  like  the  urine?  or 
is  it  an  excrement  which  also  serves  some  ulterior  purpose,  sach  as 
aiding  the  solution  or  digestion  of  the  food  in  the  bowels  ? 

The  doctrine  that  the  secretion  of  bile  by  the  liver,  is  merely  a 
mode  of  eliminating  carbon  from  the  system,  is  strongly  opposed  by 
the  fact  that  in  all  the  vertebrate  classes  the  bile,  instead  of  being 
carried  out  of  the  system  by  the  most  direct  channel,  as  the  urine 
is,  is  made  to  pass  through  nearly  the  whole  intestinal  canal,  and  to 
mingle  freely  with  its  contents.  Moreover,  the  point  at  which  it 
enters  the  bowel  always  bears  a  pretty  definite  relation  to  that  at 
which  the  pancreatic  fluid  is  poured  into  it.*  Either  these  fluids 
enter  the  bowel  together  through  a  common  opening,  as  in  man,  or 
the  bile  is  poured  in  ahove^  never  belotv,  the  point  of  opening  of  the 
pancreatic  duct. 

These  are  capital  facts,  which  must  be  accounted  for  by  an  ade 
quate  theory  of  the  uses  of  the  bile.     They  indicate  that  the  bile 
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some  use  in  promoting  the  changes  of  the  food  in  the  intestines, 
V  in  contributing  to  the  general  process  of  nutrition  in  some  other 
Mkj.  It  is  well  Known  that  an  obstacle  to  the  free  admission  of  the 
■le  into  the  intestinal  canal  is  always  followed  bj  a  greater  or  less 
kBTftngement  of  digestion,  and  bj  more  or  less  emaciation.  But,  as 
heso  consequences  might  arise  not  so  much  from  the  want  of  a  due 
admixture  of  bile  with  the  food  which  is  undergoing  digestion,  as 
bom  the  accumulation  of  the  elements  of  the  bile  in  the  blood, 
Aich  must  derange  all  the  functions  more  or  less,  Professor 
Miwann,  of  Louyain,  tried  some  experiments  which  had  for  their 
ikject  to  stop  the  flow  of  bile  into  the  bowel,  and  at  the  same 
ine  to  provide  for  its  excretion.  He  tied  the  common  bile-duct  in 
logs,  having  first  established  an  orifice  of  communication  between 
he  gall-blaader  and  the  skin,  through  which  the  bile  flowed  out  of 
hm  Dodj  as  soon  as  it  was  secreted,  instead  of  passing  into  the 
Mnwel.  It  is  plain  that  if  the  bile  were  merely  excretory,  such  an 
iperation  should  produce  no  injurious  effect  upon  the  animal,  as  still 
izeretian  was  amply  provided  for.'*' 

Schwann  found  that  of  eighteen  dogs  operated  upon  in  this  way 
tvo  only  survived,  and  in  these  the  divided  bile-duct  was  found  re- 
Utablished,  and  the  bile  had  ;resumed  its  usual  channel.  Of  the 
miaining  sixteen,  ten  died  of  the  immediate  efiects  of  the  operation, 
and  the  remaining  six  lingered  on  for  some  time,  and  ultimately 
died,  without  exhibiting  any  other  cause  for  the  fatal  termination 
tseepting  the  absence  of  bile  in  the  intestinal  canal.  These  six 
iied  at  periods  varying  from  seven  days  (in  a  young  dog)  to  two 
■ODtha  and  a  half,  the  average  being  two  or  three  weeks  after  the 
•peration.  During  this  time  they  exhibited  indications  of  a  very 
nfeebled  nutrition,  emaciation,  muscular  weakness,  unsteadiness  of 
■ut,  falling  ofi*  of  the  hairs ;  symptoms  which  became  more  deve- 
Emd  the  longer  the  dog  survived  the  operation.  The  emaciation, 
bidieated  by  a  deficiency  of  weight,  began  generally  on  the  third 
iaj  from  the  operation.  When  the  dogs  licked  the  bile  as  it  flowed 
tmt  of  the  fistulous  opening,  and  thus  introduced  it  into  the  stomach, 
llie  digestion  in  that  viscus  was  not  impeded,  nor  were  the  results 
of  the  operation  otherwise  embarrassed,  showing  that  it  was  capable 
«f  being  digested  by  the  stomach. 

Blondlot  .makes  an  objection  to  Schwann's  experiments,  that, 
bom  his  mode  of  operating,  the  external  opening  is  apt  to  close, 
isd  thus  the  excretion  of  the  bile  is  impeded  and  the  nature  of  the 
lecretion  altered.  He  adopted  a  different  operation,  and  provided 
linr  the  free  discharge  of  bile  by  inserting  a  canula  in  the  wound. 
A.  dog,  treated  in  this  way,  lived  three  months  ;  at  first  he  became 
fiery  tldn,  and  lost  strength  ;  but  he  recovered  his  strength,  but  did 
Mt  completely  gain  his  condition.  It  appears,  from  a  private  com- 
■mnication  made  by  Schwann  to  Frerich,t  that  that  distinguished 

*  Experiences  pour  constatcr  si  la  Bile  jouc  dans  rEconomie  Animale  un  Rdic 
MMDtiel  pour  la  Vie. — }fSm.  de  VAcad.  Roy.  de  Bruxelles,  an,  1844. 

f  Art.  Verdaoung,  Wajcner's  Handworterboch.  This  author  states  that  Na«9e 
iptrated  on  a  dog  in  a  similar  way,  and  that  the  animal  liYed  nearly  six  montlii. 
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Professor  was  induced,  by  these  objections  of  Blondlot,  to  repeat 
liis  experiments,  which  he  did  to  the  number  of  thirty,  and  he  took 
the  precaution  of  keeping  a  canula  in  the  wound.  The  animals 
died  as  before,  but  one  lived  a  year,  another  four  months ;  immedi- 
ately after  the  operation  they  lost  weight,  but  after  a  time  the  ema- 
ciation ceased,  and  the  dogs  recovered,  but  never  reached  thdr  |<*. 
weight  previous  to  the  operation. 

The  results  of  these  experiments  denote  that  the  bile  cannot  be 
exclusively  an  excretion,  and,  taken  along  with  the  facts  already 
referred  to,  make  strongly  against  this  doctrine.     But  as  the  excr^ 
ments  of  uU  or  nearly  all  animals,  and  also  the  meconium,  or  tiae 
feculent  matter  found  in  the  bowels  of  the  foetus  in  utero,  coutaia 
in  certain  proportion  the  elements  of  the  bile,  we  are  bound  to  infer 
that  a  iiortion  of  the  bile  is  thrown  out  of  the  system,  along  vitk 
the  refuse  or  undigested  parts  of  the  food.     And  that  only  a  portm 
of  it,  and  that  a  small  one,  is  thus  excreted  seems  evident,  becan» 
the  quantity  of  bile  contained  in  the  feces  bears  a  very  trifling  pro- 
portion to  the  amount  secreted.     Thus,  Berzelius  found  only  \}  {mti 
bile  in  1000  parts  of  fresh  human  feces  ;  if  we  take  the  avenge 
quantity  of  the  feces  expelled  in  the  day  to  be  five  ounces,  tfis 
would  yield  about  twenty-one  grains  of  dried  bile,  equivalent  to  210 
grains  of  fresh  bile  ;  but  the  lowest  estimate  of  the  quantity  dailj 
secreted  by  the  liver  is  between  six  and  eight  ounces,  which  exceedi 
that  of  the  feces  discharged. 

If,  then,  it  be  admitted  that  only  a  certain  portion  of  the  bile  is 
excremcntitious,  it  remains  to  inquire  what  becomes  of  the  remain- 
der, and  what  purpose  it  may  serve  ? 

Liebig  suggests  that  it  is  absorbed  from  the  intestine,  and  carried 
into  the  circulation,  where,  by  chemical  union  with  the  oxygen  in- 
troduced in  respiration,  it  forms  carbonic  acid,  and  generates  heat. 
The  liver,  according  to  this  view,  secretes  from  the  venous  bloci  a 
material,  which,  on  reabsorption,  serves  as  food  for  the  calorifacient 
process.  It  is  not  likely  that  this  absorption  takes  place  by  the 
veins,  for  if  so,  we  should  find  the  secreted  material  carried  back 
again  through  the  very  same  vascular  channels  from  which  lut  a 
short  time  previously  it  had  been  secreted;  an  arrangement  i^bich 
has  no  parallel  in  the  animal  economy.  It  is  more  probable,  a*?um- 
ing  this  view  to  be  correct,  that  the  portion  of  the  bile  absork-d :? 
taken  up  by  the  lacteals  ;  and  if  so,  we  should  have  an  addiiiortil 
indication  that  only  a  part  of  the  bile  re-enters  the  circulation.  i'-.T 
if  the  colouring  matter  were  absorbed  by  the  lacteals  it  would  be 
readily  detected  in  the  chyle. 

There  are  some  striking  facts  which  denote  a  connection  between 
the  office  of  the  liver  and  the  calorifacient  and  respiratory  functi  -n. 
Thus,  in  the  boa,  although  the  liver  is  large,  and  no  doubt  secreTc>li'.e 
freely,  the  excrements  contain  no  trace  of  bile.  In  this  ca.-ic,  tiit-re- 
f'jre,  it  must  undergo  complete  decomj)osition  in  the  iniesiint',  •■:  •« 
entirely  absorbed.  In  carnivorous  animals,  whose  resj)iratorv  f:iiA'- 
tion  IS  very  active,  little  or  no  bile  is  found  in  the  excrements':  >Tlii!e 
in  those  of  the  herbivora,  which  lead  less  active  lives,  and  vihot\: 
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moi  18  more  combustible  in  its  nature,  the  elements  of  the  bile  are 
tftsent  in  considerable  quantity. 

According  to  this  view,  the  bile  would  be  in  part  excrementitious 
ted  carried  off  in  the  feces ;  and  in  part  recrementitious,  inasmuch 
m  by  its  absoption  into  the  blood  it  serves  to  feed  a  process  highly 
■Dportant  to  general  nutrition,  namely,  that  of  animal  heat.  Still, 
mre  seem  strong  grounds  for  supposing  that  it  must  serve  yet 
mother  purpose  ;  else  why  should  the  intestinal  blood  charged  with 
iome  of  the  combustible  materials  derived  by  absorption  from  the 
Ingested  food  be  subjected  to  the  action  of  the  liver  in  order  to 
fUd  a  complex  fluid,  which  is  poured  into  the  intestinal  canal.  In 
■■th,  we  can  find  no  explanation  of  this  remarkable  course  of  the 
■testinal  venous  blood,  nor  of  the  situation  at  which  the  secreted 
hud,  the  bile,  is  discharged  from  the  liver,  but  in  the  hypothesis 
'hmt  the  bile  has  some  function  to  perform  in  the  intestinal  canal. 

This  leads  us  to  inquire  whether  the  bile  has  any  power  of  reducing 
Binrtain  elements  of  food  which  have  been  only  partially  or  not  at 
iH  dissolved  in  the  stomach. 

We  have  as  yet  no  satisfactory  observations  which  lead  to  any 
positiye  conclusion  upon  this  point.  A  series  of  careful  experiments 
Is  to  the  influence  of  bile  upon  alimentary  matters  is  much  needed. 
Bnnefeld's  experiments*  on  this  subject  tend  to  establish  the  gene- 
lal  fact  that  fibrinous  and  albuminous  matters  do  seem  to  be  dis- 
Mdved  under  its  influence  at  a  temperature  equal,  or  nearly  so,  to 
fhst  of  the  blood. 

*Th6  connection  of  a  gall-bladder  with  the  liver  in  most  animals 
b  which  the  bile  accumulates  until  intestinal  digestion  begins,  evi- 
dently associates  the  use  of  the  bile  with  that  process. 

Sir  Benjamin  Brodie  advocated  the  doctrine  that  the  bile  preci- 

eted  the  white  chyle  from  the  chyme,  and  was  necessary  to  the 
nation  of  the  former.  He  tied  the  common  choledoch  duct  in 
jonng  cats  so  as  to  prevent  the  passage  of  bile  into  the  intestine ; 
tmA  he  found  that  under  these  circumstances  white  chyle  was  not 
formed,  the  lacteals  being  filled  with  a  material  apparently  identical 
viA  lymph.t  Tiedemann  and  Gmelin  experimented  on  dogs,  and, 
dUioiigh  they  affirm  that  chyle  was  formed  in  the  intestine  (the 
aeemracy  of  which  statement  must  not  be  completely  relied  upon 
in  default  of  microscopical  examination),  yet  they  admit  that  the 
•ontents  of  the  lacteals  in  the  dog  operated  on  consisted  of  ^^  a 
transparent  liquid,  not  whiter'  while  in  the  dog  not  operated  on  it 
vas  white. 

By  our  own  experiments  we  have  ascertained  that  the  formation 
•f  white  chyle  took  place,  notwithstanding  the  closure  of  the  com- 
Bon  bile-duct,  provided  the  animal  took  a  sufficient  quantity  oi  fatty 
wiatter  in  its  food.  When  this  was  not  attended  to,  white  chyle  was 
not  obviously  formed.  But  the  most  remarkable  effects  of  the  liga- 
ture of  the  common  duct  were  the  emaciation,  loss  or  capriciousness 

♦  Quoted  in  Valentin,  Physiologie,  b.  i.  p.  849. 
f  Quarterly  Journal  of  Science' and  the  Arts,  1828. 
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of  appetite,  and  the  general  debility  which  immediately  ensued  npoD 
it.  Hence,  although  we  do  not  subscribe  to  the  doctrine  that  tk 
presence  of  bile  in  the  small  intestines  is  essential  to  the  formatioi 
of  white  chyle,  we  readily  believe  that  its  exclusion  from  the  bowdi 
retards  and  impairs  digestion.  |o 

When  the  biliary  duct  is  obstructed,  and  the  bile  does  not  pn 
through  its  ordinary  channels,  the  organs  which  suffer  most  dism-  Is 
ance  in  their  functions  are  the  kidneys ;  as  if,  when  the  liver  fubii  |] 
its  action,  these  organs  took  on  the  work  of  eliminating  a  certiii 
portion  of  the  bile.  They  secrete  urine  loaded  with  the  colanrinf 
matter  of  the  bile;  and,  at  the  same  time,  lithic  acid,  or  lithauof 
ammonia,  or  purpurate  of  ammonia  (muroxid),  is  formed  in  considff- 
able  quantity.  In  cases  of  jaundice  from  obstruction,  so  longtt 
plenty  of  bile,  or  its  colouring  principle,  appears  in  the  urine,  ui 
a  normal  quantity  of  urine  is  secreted,  no  very  serious  symptoM 
arise ;  but  as  soon  as  the  kidneys  fail,  then  indications  of  poisoiuBg 
either  by  bile  or  urea,  or  both,  arise,  and  the  patients  die  in  a  conur 
toso  state. 

It  is  worthy  of  remark  that  the  hepatic  cells  contain  more  orlM 
of  oily  fat:  and  that  under  some  circumstances  this  fat  accumolitd 
in  them  to  a  great  extent,  so  as  to  occasion  enormous  enlargemeit 
of  that  organ.  And  in  some  fishes  the  liver  is  naturally,  at  certiii 
periods,  loaded  with  it.  It  is  a  point  of  great  interest  to  detenninc, 
whether  this  fat  simply  accumulates  in  the  hepatic  cells,  as  it  does  k 
other  tissues,  or  whether  it  may  not  be  regarded  as  a  part  of  the 
secretion  of  the  liver ;  in  other  words,  can  it  be  a  part  of  the  office 
of  the  liver  to  recombine  certain  elements  of  the  absorbed  food,  and 
to  form  fat,  which,  on  being  discharged  into  the  intestinal  canal  is 
absorbed  by  the  villi  ?* 

In  connection  with  this  subject  we  may  refer  here  to  a  remark* 
able  fact  lately  brought  to  light  by  Bernard,  which  denotes  tbt 
chemical  changes  take  place  in  the  blood  while  it  is  passing  throngh 
the  liver,  whereby  a  material  is  generated  in  it  which  had  not  been 
introduced  in  the  food. 

Bernard  has  found  that  sugar  is  developed  in  the  hepatic  capil- 
laries, even  when  it  is  not  present  in  the  intestines,  or  in  any  of  ilie 
tributary  veins  of  the  vena  portoc.  A  dog,  which  had  been  fed  some 
hours  previously  on  substances  destitute  of  starch  and  sugar,  was 
quickly  killed,  the  abdominal  cavity  was  immediately  opened,  and 
ligatures  were  placed  on  the  mesenteric,  splenic,  and  pancreatic 
veins,  and  on  the  trunk  of  the  vena  portac.  Blood  collected  from 
each  of  these  sources,  on  tho  distal  side  of  the  ligature,  proved  on 
examination  destitute  of  sugar  in  all,  except  the  vena  portal^,  in 
which  it  was  readily  detected.  Sugar  was  also  found  in  the  ti<>ne 
of  the  liver  itself.  If,  then,  sugar  exists  in  the  vena  portac,  but  noJ 
in  its  tributary  veins,  how  does  it  get  to  the  former  ?     As  it  exists 

*  It  is  true  thfit  tlic  fatty  nmttor  of  tin*  l»i!c  is  in»t  free ;  hut  it  mny  he  suiip-^o-i  t» 
furm  its  conihiiiatioiis  after  it  Iuih  heen  dischurgeil  frum  tlic  he|mtic  cell?,  aitJ  ^W.t  '•' 
ia  passing  through  tlie  ducts  uf  the  liver. 
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&  the  tissue  of  the  liver,  it  is  evident  that  it  passes  to  the  vena 
ortSB  by  the  reflux  which,  in  the  absence  of  valves  in  the  portal 
Mtem,  ma^  take  place  after  death.  Hence  it  is  reasonable  to  infer 
■It  sugar  18  formed  in  the  hepatic  capillaries,  and  carried  by  the 
epMic  veins  to  the  right  side  of  the  heart,  in  the  blood  of  which 
hnnard  states  that  sugar  is  constantly  present,  whatever  food  the 
■imal  may  have  been  fed  on,  and  even  after  a  long  fast. 

The  evidence  of  the  presence  of  sugar  in  the  liver  is  obtained  in 
he  following  manner :  a  portion  of  the  liver  is  beaten  in  a  mortar, 
Ml  then  boiled  in  a  small  quantity  of  water,  and  filtered.  The 
Itered  liquid  possesses  all  the  properties  of  a  saccharine  fluid  ;  it 
•0omes  darker  on  being  boiled  with  liquor  potassse,  and  the  addition 
t-  the  tartrate  of  potass  and  copper  causes  a  precipitation  of  the 
oxide  of  copper.  Yeast  added  to  it  at  a  certain  temperature 
fermentation ;  and  alcohol  may  be  obtained  from  the  fermented 
■id  by  distillation. 

There  can  be  no  doubt,  then,  that  sugar  is  formed  in  the  capil- 
iries  of  the  liver  independently  of  the  food ;  it  is  equally  certain 
bat  fat  is  separated  at  the  same  point,  for  it  appears  in  the  hepatic 
fOm ;  this,  too,  is  doubtless  the  result  of  chemical  changes  in  the 
•patic  circulation,  independent  of  the  food,  because  we  find  good 
pmmds  for  concluding  that  the  fat  of  the  food,  emulsified  by  the 
Miereatic  fluid,  is  absorbed  by  the  villi,  and  does  not  reach  the 
irwr.  ' 

Thus  are  formed  in  the  laboratory  of  the  liver  these  two  products 
^tkt  and  sugar,  very  nearly  allied  in  chemical  constitution.  The 
ivniier  is  carried  inlo  the  intestine  with  the  bile,  and  there  absorbed, 
rith  the  fat  of  the  food,  by  the  villi.  The  latter  is  carried  by  the 
lepatic  veins  to  the  right  side  of  the  heart,  and  thence  to  the  lungs ; 
mA  both  appear  to  be  formed  by  the  liver,  whether  they  have  ex- 
ited in  the  food  or  not. 

What,  then,  it  may  be  asked,  can  be  the  object  of  the  formation 
if  these  products  by  the  liver?  If  it  be  to  feed  the  calorifacient 
irocess,  then  the  additional  question  arises,  why  should  each  pass  to 
lie  right  side  of  the  heart  by  a  different  route? 

It  seems  to  us  that  there  is  in  these  arrangements  distinct  indica- 
tm  of  a  provision  for  the  alatv  and  ^ro^JuaZ  transmission  to  the  lungs 
if  these  carbonaceous  elements ;  in  order  to  guard  against  the  blood 
B  these  organs  becoming  surcharged  by  them  so  as  to  interfere  with 
'he  due  introduction  of  oxygen. 

It  seems  necessary  for  health  that  the  blood  should  be  supplied. 
Ml  the  one  hand,  duly,  but  gradually^  with  carbonaceous  matters, 
nch  as  sugar  and  fat,  and,  on  the  other  hand,  with  oxygen ;  when 
the  former  elements  are  deficient,  fever  is  the  result,  the  elements 
if  the  tissues  are  consumed  by  the  devouring  element,  oxygen  ;  and 
lence  it  is  that  we  often  see  such  striking  results  from  the  gradual 
ntroduction  of  alcohol,  or  other  carbonaceous  matters,  into  the 
KTBtem ;  but  when  the  latter  element  is  deficient,  the  great  vital 
shanges  of  the  blood  are  delayed,  or  suspended,  and  death  rapidly 
manes.    And  tn  the  various  diseased  states  of  the  body  there  are 
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infinite  shades  of  difference,  as  regards  the  supply  or  the  defect  c( 
these  great  elements ;  either  too  much  carbon  or  too  mach  oxjgoi; 
or  the  one  is  normal  in  amount,  while  the  other  is  deficient.  A  eoA- 
mon  result  of  the  too  ready  assimilation  of  carbonaceous  mftttoii 
or  the  too  rapid  formation  of  them,  is  the  deposition  of  fat  in  nam 
p9,rts  of  the  hody,  sometimes  to  the  augmentation  of  its  bulk  by  ■ 
increased  development  of  the  adipose  tissue,  at  others,  to  the  in- 
duction of  various  abnormal  deposits,  containing  more  or  less  fit,ai 
atheroma. 

In  conclusion,  the  following  propositions  will  serve  to  exhibit  it 
a  glance  all  that  wo  may,  in  the  present  state  of  4)ur  knowledge, 
affirm  respecting  the  function  of  the  liver: — 

1.  That  it  secretes  a  highly  complex  fluid,  which  is  poured  into 
the  intestinal  canal,  and  there  undergoes  decomposition.  Its  cokv' 
ing-matter  (cholepyrrhin,  or  biliverdin)  is  carried  off  in  the  ezoi* 
ments,  and  may  possibly  assist  in  stimulating  the  action  oftk 
intestine.  Its  fat  is  in  great  part,  at  least,  absorbed  by  the  tHIL 
So  much  of  its  fat  as  is  not  thus  acted  upon  contributes  to  fan 
the  feces.  Its  salts,  also,  are  probably  carried  off  in  the  feeei. 
Other  of  its  elements  contribute  to  the  digestive  process,  by  pro- 
moting the  solution  in  the  bowels  of  some  kinds  of  food  which  haw 
escaped  the  solvent  action  of  the  gastric  fluid.  What  these  eleman 
arc,  and.  what  kinds  of  food  they  serve  to  dissolve,  we  have  yet  l^ 
curatcly  to  determine  ;  it  seems  certain,  however,  that  it  exereiM 
no  solvent  power  over  fatty  or  oily  matters,  and  probable,  thit  it 
acts  upon  azotized  matters. 

2.  The  liver  forms  sugar  and  fat  by  chemical  processes  in  itt 
circulation,  independently  of  any  direct  or  immediate  supplies  of 
these  substances  in  the  aliments. 

3.  The  liver  is  a  great  emunctory ;  it  eliminates  carbonftceon 
matters,  some  directly,  as  the  colouring-matter  of  the  bile,  which  is 
at  once  thrown  out  in  tlio  feces ;  others  indirectly,  as  fat  and  sugar, 
which,  passing  to  other  parts  of  the  circulation,  are  more  or  le» 
acted  on  by  oxygen  and  eliminated  as  carbonic  acid  and  water. 

4.  The  liver  contributes  largely  to  the  maintenance  of  geiKTsl 
nutrition  ;  first,  by  aiding  in  the  solution  of  certain  aliments  in  iLe 
intestinal  canal,  and  secondly,  by  furnishing  food  to  the  calorifacient 
process. 

Before  we  leave  this  subject,  we  must  refer  to  the  remarkable 
observations  of  Wcbor,  confirmed  by  Kolliker,  rcBpecting  the  ex- 
tensive generation  of  blood-corpuscles  in  the  liver  of  the  embrro. 
which  have  led  the  former  physiologist  to  form  the  opinion  thai  **iiO: 
only  is  the  liver  an  organ  for  secreting  bile,  but  that  in  it  a  raaieml 
is  separated  and  accumulated  from  the  blood,  out  of  which  bW* 
corpuscles  arc  foruicd,  which  are  taken  off  by  the  bloodvessels,  wbik 
from  the  residuum  the  bile  is  formed,  which  is  conveyed  awavbv the 
biliary  ducts." 

During  the  latter  days  of  incubation  of  the  lien's  egg,  the  liver 
assumes  a  completely  yellow  colour,  instead  of  the  redJish-bro« 
which  it  had  previously.     This  is  connected  with  the  rapid  ak^orp- 
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of  the  yelk,  probably  by  the  bloodvessels  of  the  yelk-sac,  which 
it  to  the  liver,  where  it  finds  its  way  from  the  bloodvessels  into 
fine  gall-ducts,  which  at  this  time  are  full  of  particles  exactly 
hm  same  as  the  yelk-globules.  These  particles  are  not  carried  into 
he  intestine  along  the  biliary  passages,  but  undergo  a  change  by 
rhibh,  on  the  one  hand,  blood-corpuscles  are  formed  and  pass  into 
he  Uoodvessels,  and,  on  the  other  hand,  bile  is  generated  and  carried 
iff  by  the  ducts. 

Weber  states  that  he  has  observed  a  similar  phenomenon  in  the 
iver  of  the  frog  in  the  spring  of  the  year,  when  the  sexual  organs 
a«  highly  developed,  and  when  the  lymphatic  system  is  in  a  highly 
letive  state.  The  liver  undergoes  a  change  of  colour  from  reddish- 
irown  to  greenish-yellow.  It  is  covered  with  dark  pigment-cells, 
lad  contains  numerous  opaque  masses,  which  probably  consist  of  the 
Mdoaring-matter  of  the  bile,  which  may  have  accumulated  during 
hm  winter,  but  which  now  undergo  gradual  solution  and  pass  off  in 
hit  bile.  The  peculiar  colour  which  characterizes  the  liver  at  this 
nae,  in  the  frog,  is  resident,  as  with  the  chick,  neither  in  the  blood- 
fM8e1s  nor  in  the  hepatic  cells,  but  in  the  minute  ramifications  of 
;he  gall-ducts,  which  are  filled  with  numerous  small  globules  con- 
Sftimng  fatty  particles.  These  undergo  the  same  metamorphoses  as 
kho0e  of  the  chick  into  blood- corpuscles. 

This  highly  interesting  subject  requires  further  investigation — to 
leeertain  whether  similar  phenomena  may  be  noticed  in  other 
iBimals,  as  in  intra-uterine  life  in  Mammalia— or  in  hybemating 
laimals — or  whether,  indeed,  they  may  not  be  constantly  occurring 
in  mdult  animals,  although  with  less  activity  than  in  the  young. 

The  question  occurs  to  us,  may  the  liver  be  a  source  of  supply  of 
Uood-corpuscles,  or  may  it  contribute  to  the  production  of  hsematine 
m  adult  life  ?  It  has  often  struck  us  that  this  question  might  be 
inswered  in  the  afiirmativc,  while  observing  cases  in  which  the  pro- 
0608  of  the  formation  of  blood  seemed  greatly  perverted,  where  no 
nrganic  disease  could  be  detected  beyond  some  degree  of  enlarge- 
ment of  the  liver.  Patients  suffering  in  this  way  are  pale,  as  if 
from  loss  of  blood,  although  no  such  loss  had  been  experienced; 
their  nutrition  is  enfeebled,  digestion  impaired,  and  there  is  slight 
yellowness  of  the  complexion,  as  in  cases  of  hepatic  disease,  and 
alter  death  no  lesion  is  discoverable,  but  slight  enlargement  of  the 
Bver,* 

We  have  already  remarked  that  the  venous  blood  of  the  spleen 
pesaes  along  with  that  from  the  stomach  and  intestines  through  the 
liver.  Recent  researches  of  KoUiker  and  Ecker  offer  some  expla- 
DfttioQ  of  this  fact,  and  at  the  same  time  of  the  relation  between 
iuematine  and  the  colouring  matter  of  bile,  as  well  as  between  the 
ofice  of  the  liver  and  the  generation  of  the  red  particles  of  the  blood. 
It  would  appear  from  these  researches,  which  will  be  detailed  when 
we  come  to  treat  of  the  spleen,  that  the  red  blood-corpuscles 
undergo  decay  in  the  red  substance  of  the  spleen,  giving  up  their 

*  Kulliker  fiber  die  Blotkorpcrchcn  dcr  Menschlichen  Embryo  und  die  Entwick- 
dung  der  Blutkorperchen  der  Saugetliieren. 
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haematine  in  an  altered  form  to  the  portal  blood,  from  which  it  mij 
not  improbably,  as  KoUiker  coi\jectures,  pass  into  the  bile-eelli  ta 
form,  and  to  be  eliminated  as  the  biliary  colouring  matter;  ail, 
perhaps,  also  to  contribute  to  supply  haematine  to  new  blood-cdb 
developed  in  the  livei*.* 

Of  Digestion  in  the  Large  Intestine, — The  contents  of  the  km 
intestine,  which  constitute  the  feee%j  properly  so  called,  differ  im 
from  those  of  the  small  intestine.  GrenersJly,  and  in  the  nomil 
state,  they  are  more  solid,  more  homogeneous,  exhibiting  a  eerta 
form,  which  is  determined  by  the  size  and  shape  of  the  cells  of  the 
colon.  These  characters  are  more  marked  the  further  thefeca 
have  advanced  in  the  colon. 

The  changes,  upon  which  depends  the  difference  of  character  rf 
the  contents  of  the  large  and  small  intestine,  commence  in  tk 
caecum.    Many  facts  lead  to  the  opinion  that  the  intestinal  contenli 
undergo  some  further  digestion  in  the  csecum,  analogous  to  that  rf 
the  stomach.     Schulz  affirms  that  an  acid  fluid  is  secreted  by  tk 
mucous  membrane  of  the  caecum,  which  is  more  distinct  in  herbiT€ia 
than  in  carnivora ;  Bernard  and  Blondlot  state  that  the  aeidi^  rf 
this  fluid  is  due  to  the  presence  of  lactic  acid-f     In  dogs,  we  hafe 
found  that  litmus  applied  to  the  surface  of  the  caecal  mucous  moh 
brane  became  reddened  in  some,  but  not  in  others;  a  difference 
probr.bly  depending  upon  some  peculiarity  in  the  food  or  the  time  of 
digestion.      The  remarkable  development  of  the  caecum  in 
animals  as  compared  with  others,  denotes  that  it  must  exercise 
special  function.     In  herbivora,  its  size  is  especially  large ;  in  carni- 
vora, it  is  small.     Moreover,  the  mucous  membrane  of  the  caecnii 
resembles  in  structure  that  of  the  stomach,  and  is  supplied  with 
glands  like  the  solitary  glands,  which  pour  out  an  abundant  secretion. 

No  material  change  takes  place  in  the  feces  as  they  pass  through 
the  large  intestine,  excepting  such  as  is  produced  by  the  absorption 
of  fluid  from  them  by  the  mucous  membrane.  Thus  the  feed 
become  drier  the  longer  they  remain  in  the  bowels. 

Defecation. — The  contents  of  the  large  intestine  arc  pushed 
onwards  by  a  vermicular  action,  essentially  the  same  as  that  of  the 
small  intestine.  Propelled  thus  in  successive  portions,  they  accumu- 
late in  the  rectum,  whence  they  are  prevented  from  escaping  by  the 
contraction  of  the  sphincter.  The  act  of  expulsion  of  the  feces 
from  the  rectum,  the  act  of  defecation,  is  efi'ected  partly  bj  the 
contraction  of  the  muscular  fibres  of  the  rectum,  excited  bv  the 
stimulus  of  distension,  and  partly  by  the  contraction  of  the  abdomi- 
nal muscles  and  of  the  diaphragm,  which,  by  reducing  the  size  of  the 
abdominal  cavity,  and  compressing  the  intestinal  canal  at  all  points, 
greatly  assists  the  detrusive  eff'orts  of  the  rectum  itself. 

Within  certain  limits  the  act  of  defecation  is  favoured  by  the 
bulk  of  the  intestinal  contents.  When  the  rectum  is  moderately 
distended,  and  its  inner  surface  sufiiciontly  lubricated  by  luucu?, 
defecation  is  efi'ected  with  but  little  aid  from  the  abdominal  nuiscieN 
and  mainly  by  the  expulsive  force  of  the  rectum,  which  is  sufficiently 

*  Cjcl.  ^Vnat.  and  Pbys. ;  art.  Spleen.  f  Gazette  MW.  de  Paris,  ISU. 
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Lg  to  overcome  the  passive  contraction  of  the  sphincter.  If  the 
mis  of  the  rectum  be  too  bulky,  they  occasion  over-distension 
te  gat,  and  diminish  its  contractility.  Under  such  circumstances 
mse  accumulations  may  take  place ;  and,  as  small  portions  may 
inue  from  time  to  time  to  be  expelled,  under  the  influence  of  the 
minal  muscles,  the  practitioner  may  thus  be  deceived  as  to  the 
nature  of  the  case.  On  the  other  hand,  when  the  feces  do  not 
mnlate  in  the  rectum  in  sufiBcient  quantity  to  distend  the  reo- 
the  act  of  defecation  is  rendered  difficult  by  the  imperfect 

05  of  the  rectum  itself,  and  great  efforts  are  required  on  the 
of  the  abdominal  muscles,  which  often  cause  the  protrusion  of 
ens  of  the  mucous  membrane  near  the  anus,  tinder  these 
instances  it  is  that  enemata  act  so  favourably,  by  giving  the 
its  natural  stimulus,  that  of  distension.  The  action  of  the  ab- 
nal  muscles  in  defecation  is  chiefly  voluntary,  but  partly  reflex, 
le  rectum  be  the  seat  of  irritation,  as  in  dysentery,  the  reflex 
n  is  much  increased,  and  the  repeated  strainings  which  occur 
lg  the  act  of  defecation  in  this  disease  are,  in  a  great  measure, 
caused. 

le  ordinary  expulsive  actions  of  the  rectum  are  due  simply  to 
ttimulus  of  distension  acting  upon  the  circular  muscular  fibres. 
n  the  mucous  membrane  is  irritated,  as  under  the  influence  of  a 
ative,  or  in  diseased  states,  the  action  of  the  rectum  takes  on 
oharacter  of  a  reflex  act,  excited  by  the  contact  of  the  feces 
the  irritable  mucous  membrane. 

16  quantity  of  the  feces  is  determined  partly  by  the  quantity 
quality  of  the  food,  partly  by  the  quantity  of  the  secretions 
ed  into  the  canal.  If  the  food  exceed  much  what  the  aliment- 
»nal  can  reduce  and  absorb,  the  quantity  of  feces  will  be  con- 
able.  Vegetable  food  produces  a  greater  amount  of  feces  than 
al,  because  the  former  is  eaten  in  greater  quantity  than  the 
r,  and  because  it  contains  much  that  is  incapable  of  reduction 

6  stomach  or  bowels.  The  feces  of  camivora  are  always  abso- 
f  and  relatively  smaller  in  quantity  than  those  of  herbivora. 

those  tribes  of  mankind  who  feed  chiefly  on  vegetable  food 
I  large  quantities  of  feces. 

16  ordinary  quantity  of  feces  passed  daily  by  men  in  health,  is 
fe  five  or  six  ounces ;  so  that,  if  we  assume  thirty-five  ounces  as 
fe  the  average  quantity  of  food  taken  in  twenty-four  hours,  it 
b6  inferred  that  at  least  thirty  ounces  are  appropriated  to  the 
•ns  purposes  of  the  economy, 
trselius's  analysis  of  feces  gives  the  following  result: — 


5.7 


Water 78.3 

Matters  soluble  in  water :  Bile  0.9 

Albumen  .  .  .  0.9 
Extractive  .  .  .  2.7 
Salts    .        .        .        .         1.2 

Insoluble  residue  of  the  food 7.0 

Insoluble  matters  derived  from  the  intestinal  canal,  as  mucus, 
biliary  resin,  fat,  and  a  peculiar  animal  matter  .     14.0 

loao 
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The  aalies  of  human  fecea  yield,  accordioet 
lin,  cliloriilc  of  Bodinm,  snlphate  of  Boda,  tnb 
phosphate  and  enlphate  of  lime,  phosphate  c 
of  iron,  and  silica.  The  nature  and  qnanti 
eyer,  vary  with  the  quality  of  the  food. 

A  remarkable  property  of  the  feces  la  theii 
what  this  depends  has  not  yet  been  BatiBfa< 
eeems  very  doubtful  that  it  can  depend  on  ai 
bile ;  for  under  certain  circumstances,  vhen 
sent,  tlio  fetid  odor  of  the  discharges  froi 
greatly  increased,  as  in  jaundice  from  oh 
cholera.  It  is  not  improbable  that  some  o 
Diay  secrete  a  peculiar  odorifcrons  principle, 
by  the  bile.  Peyer'a  glands  may  perform  th 
derives  support  from  the  fact  that  ia  cert 
slanda  are  diseased,  as  in  fever  and  phthisit 
IS  increased  considerably. 

Certain  gases  are  generated  in  the  course 
These  are  partly  set  free  during  the  change 
matters  undergo  in  the  intestine  ;  and  part 
secretion  from  the  mucous  membrane.  Tl 
acid,  hydrogen,  carburetted  and  sometimes  i 
and  nitrogen.  A  certain  quantity  of  these 
tending  action,  to  favour  the  vermicular  m 
and  so  to  promote  the  passago  of  their  con 
limits,  thercforo,  the  formation  of  gases  in  t 
sumed  to  fiivour  ho:iIth ;  hut  it  is  well  kn< 
fluencc  of  emotion,  or  of  irritation,  or  of  cert 
are  generated  in  the  stomach,  as  well  as  i 
enormous  extent.  Tympanites  shows  itself 
influence  of  strong  emotion  ;  and  sometimes 
fice  to  generate  a  qujintity  of  gaa  sufEcicn 
canal.  Also,  in  fever,  the  formntion  of  gasc 
proniiiioiit  symptom,  giving  rise  to  that  stati 
Ifnown  to  be  an  unfavourable  sign  in  that  dis 

On  the.  STilijoHs  iIlKruHxi'il  in  t1i<R  Min]>tpr.  tljc  rnii 
TFiitcra  nl  (lie  rii<l  nf  the  lust  [:)iniilcr,  iiml  lo  tlio.sp  igilo 
the  I'olliiwiiig  :  llcrzi'liits.  nrl.  (lalli^  in  Wngiivr'H  llrnidi 
I'lincrcHti'jur.  Kc,  Arch.  (ivn.  dc  iU't.  iK-fli;  lIoTuan 
]'<-c<m»niiv  nitiiiiiilP,  An-h.  (i4ii.  >1f  MVnl.  IrMK,  hwI  tnn 
for  184'.'.  Kn'ridi'M  nrt.  Vprilmmn?.  iii  Wnmipr*!!  llaiuK 
whii-h  ili<I  lint  n'ni-li  itn  until  tliis  i'h]iiit<'r  linil  b«rii  wt 
1111.1  Swiilra-.  ('..iiiiilts  IU™lii.H.  l!-!'.:  Dr.  Alh'n  Th»nir 
Ghuiil-..  ill  Uowlsir'ii  Aiiii.ili  uf  Aiii.iuniv  .md  riiyMoli>t'j- 
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I 

.  The  function  of  absorption  is  universal  in  organized  bodies,  as 
Aey  all  live  and  grow  by  absorbing  suitable  material  from  without 
tmd  making  it  a  part  of  themselves.  All  the  tissues  are  more  or 
len  porous,  and  capable  of  absorbing  fluids  brought  into  contact 
Wth  them.  The  cuticle  of  the  hands  soaked  in  water  become  soft 
tmA  swollen  from  the  imbibition  of  that  fluid,  and  if  a  soluble  salt 
hb  added  to  the  water,  this  salt  may,  ere  long,  be  detected  in  dis- 
tut  parts  of  the  body  by  its  appropriate  tests ;  showing  that  the 
ftreisn  substance  has  penetrated  within  the  cuticle  so  as  to  reach 
ds  capable  of  diiTusing  it  throughout  the  frame. ^  In  the  same 
J  soluble  substances  taken  into  the  mouth,  and  brought  into  contact 
viut  the  alimentary  mucous  membrane,  are  rapidly  absorbed,  either 
JBinediately,  or  after  having  been  first  changed  and  adapted  for  ab- 
torption  by  the  processes  described  in  the  preceding  chapters.  In  a 
■nular  way  gases  or  fluids  effused  or  injected  into  the  cavities  or  inter- 
of  the  body  may  be  gradually  taken  up  and  removed,  as  we  see  in 
of  emphysema,  of  ecchymosis,  of  dropsy,  of  inflammatory  pro- 
difcts,  &c.  An  absorption  of  the  tissues  themselves  is  also  constantly 
ming  on,  as  a  necessary  part  of  their  nutrition — the  old  materials 
being  taken  away  when  no  longer  suited  for  the  purposes  of  life. 
When  the  effete  matters  of  the  tissues  are  thrown  off  from  the  sur- 
t^ee  of  the  body,  or  from  glands  which  are,  in  fact,  a  j)ortion  of 
ihmt  surface,  they  are  said  to  be  secreted ;  when  they  re-enter  the 
curcolation  for  a  time  they  may  be  rightly  said  to  be  absorbed.  In 
«artain  cases,  entire  organs  waste  when  the  term  of  their  usefulness 
kaa  expired,  e,  g.j  the  mammary  and  spermatic  glands,  and  all  the 

'  *  Mr.  Erichsen  took  advantage  of  a  case  of  cxtroyersion  of  the  bladder  to  expe- 
viment  on  the  rapidity  of  absorption  under  different  circumstances,  as  indicated  by 
flue  presence  in  the  urine  of  the  absorbed  substances.  The  following  are  some  of  his 
results.  Prussiate  of  potass  taken  into  the  stomach,  after  a  fast  of  eleven  hours,  may 
be  apparent  in  the  urine  in  one  minute ;  but  if  immediately  after  a  meal,  not  tiU 
thirty-nine  minutesT  Vegetable  infusions  required  more  time  for  passage  through  the 
^stem.  Galls,  uva  ursi,  madder,  rhubarb,  logwood,  &c.,  passed  in  from  sixteen  to 
thirty-six  minutes,  according  to  the  time  after  a  meal.  Citrates  and  tartrates  of 
potass  and  soda  rendered  the  urine  alkaline  in  from  thirty-six  to  forty-eight  minutes. 
When  the  feet  were  immersed  in  a  pail  of  water  containing  three  ounces  of  acetate  of 
potass  in  solution,  the  urine  became  alkaline  in  sixty-seven  minutes ;  but  no  effect 
eeemed  to  be  produce<l  when  a  solution  of  citrate,  tartrate,  or  prussiate  of  potass  was 
employed  (see  Med,  Gazelle,  June,  1845).  « 
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organs,  even  the  bones,  tend  to  atrophy  in  advancing  life.  Agtb, 
periodical  absorption  of  the  materials  of  certain  organs  occora,  ai 
m  the  testes  of  birds  and  other  animals  after  the  annual  Betsonrf 
impregnation,  but  perhaps  the  most  remarkable  example  of  abaoi^ 
tion  belonging  to  this  head,  is  that  of  the  fat  which  is  stored  ipii 
large  quantities  in  the  bodies  of  hybernatins  animals,  and  gradnb 
disappears  during  the  winter  torpor,  probably  to  famish  materiii 
for  the  generation  of  warmth. 

These  general  observations  will  suffice  to  show  the  impoitiaei 
of  the  subject  of  absorption.  We  are  led  to  it,  at  the  present  sugr, 
by  having  to  consider  the  mode  in  which  the  materials  introduced 
into  the  alimentary  cavities  are  conveyed  thence  to  mingle  liA 
and  form  part  of  the  common  mass  of  the  circulating  flmd.  Bit 
we  may  conveniently  treat  of  the  process  in  general  in  the  present 
chapter. 

The  coats  of  the  intestine  are  found  to  contain  two  sets  of  reaidi, 
one  through  which  blood  circulates,  from  arteries  to  veins  throi^ 
the  capillary  network,  the  other  containing  a  milky  or  transpueik 
fluid,  chyle  or  lymph,  which  finally  reaches  the  blood.  Both  d 
these  kinds  of  vessels  are  the  agents  of  absorption,  and  both  prob* 
bly  share  in  receiving  the  alimentary  matters  through  the  nmeoM 
lining  of  the  canal,  but  in  the  present  chapter  the  structure  of  tk 
latter  will  be  chiefly  considered,  and  that  of  the  bloodvesscb  de 
ferred.  Together  with  the  lacteals,  the  lymphatics  will  be  iIm  d^ 
scribed. 

The  lacteals  and  lymphatics  together  form  one  system  of  veasela, 
which  takes  its  rise  in  the  midst  of  various  organs  of  the  bodj, 
and  conveys  a  fluid  into  the  veins  near  their  termination  in  the 
heart.  The  lacteals  constitute  that  portion  of  this  great  ejstea 
which  originates  in  the  digestive  mucous  membrane,  and  the;  ire 
undoubtedly  concerned  in  the  absorption  of  a  part  at  least  of  the 
nutrient  matters  of  the  food — their  contents  {chyle)  after  a  meil 
being  of  a  milky  appearance — whence  their  namc^  rata  hdi^u 
given  to  them  in  1622  by  their  discoverer,  Asellius.  The  lymphatics 
(and  the  lacteals  during  fasting)  contain  a  pellucid  fluid — the  Jffmph, 

The  laeteah  orif];inate  in  the  mucous  membrane  of  the  inte^tino^ 
especially  in  the  villi,  and  form  a  network  with  close  meshes  in  the 
submucous  areolar  tissue.  There  arc  also  more  superficial  ones  be- 
tween the  peritoneum  and  muscular  coat,  which  take  a  more  longi- 
tudinal course,  and  join  the  others  on  the  mesentery.  They  then 
pass  in  great  numbers  between  the  layers  of  the  mesentery  tovaris 
its  root,  anastomosing  with  one  another  and  traversing  glanJuhr 
organs,  the  mesenteric  glands^  in  their  way  to  the  right  side  of  the 
aorta,  where  they  all  finally  discharge  themselves  into  an  olongatel 
pouch  common  to  them  and  to  the  lymphatics  of  the  parts  below- 
termed  the  receptaculiuii  chyli.  From  this  the  thoracic  duct  lea-is 
upwards  to  the  left  subclavian  vein. 

The  receptaculum  is  usually  from  an  inch  to  an  inch  and  a  h-i!' 
in  length,  and  from  a  quarter  to  three-eighths  of  an  inch  in  diainotcr. 
The  thoracic  duct,  which  is  continued  upwards  from  it,  lies  in  the 
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between  the  aorta  and  vena  azjgos,  then  inclines  behind  the 
if  the  aorta  to  the  left  side,  and  empties  itself  into  the  upper 
!ick  part  of  the  left  subclavian  vein  close  to  the  internal  jugular 
its  orifice  being  defended  by  two  valves.  The  thoracic  duct 
at  an  eighth  of  an  inch  or  more  wide,  becomes  more  narrow 
the  sixth  dorsal  vertebra,  and  again  dilates  opposite  the  third, 
quently  divides  into  branches  which  reunite — and  sometimes 
into  the  subclavian  vein  by  two  or  even  three  separate  trunks. 
)  lymphatic  vessels  of  the  upper  and  lower  extremities  form 
ets,  a  deep  one  accompanying  the  deep  bloodvessels,  and  a 
icial  one  running  in  the  deeper  layer  of  the  superficial  fascia, 
sets  anastomose  and  pass  in  common  to  the  trunk  by  the  groin 
rilla,  where  numerous  glands  occur  upon  them.  (1)  Those  of 
wer  extremities,  after  passing  under  Poupart's  ligament,  follow 
eat  bloodvessels,  arc  joined  by  others  from  the  pelvis,  loins, 
bdominal  walls  and  viscera,  and  open  into  the  receptaculum 
by  from  four  to  six  large  trunks.  Very  numerous  glands  suc- 
(ach  other  in  their  course,  forming  an  irregular  chain.  The 
{ic  duct  is  joined  by  lymphatics  from  the  leu  side  of  the  walls 
)  chest,  and  from  the  heart  and  left  lung,  on  all  of  which 
glands  occur ;  and  as  it  empties  itself  into  the  great  vein, 
^mphatics  of  the  left  upper  extremity,  and  left  side  of  the 
wd  neck  come  to  meet  it.  (2)  The  lymphatics  of  the  right 
f  the  chest,  of  the  right  arm,  and  of  the  rieht  side  of  the  neck 
ead,  crowd  towards  the  junction  of  the  right  subclavian  and 
X  veins,  and  open  into  the  former,  usuallv  by  a  large  but 
trunk.  The  number  of  lymphatic  glands  m  the  whole  body 
le  estimated  at  from  two  to  three  hundred,  or  even  more, 
general,  but  especially  in  the  limbs,  the  lymphatic  vessels  form 
trunks  of  equal  diameter,  taking  the  same  direction,  and  join- 
nd  again  dividing  irregularly,  without  altering  their  size.  In 
8  they  differ  remarkably  from  the  ordinary  arrangement  of  the 
iferous  vessels. 

\  absorbent  vessels  differ  from  the  bloodvessels  an  the  delicacy 
^mitransparency  of  their  coats,  which  allow  the  nature  of  the 
Its  to  be  seen  through  them  ;  the  white  colour  of  the  chyle  in 
eteals  or  mercury  artificially  thrown  in,  is  at  once  visible  from 
itside.  When  the  vessels  are  filled  we  observe  many  constrio- 
depending  on  the  existence  of  valves  in  the  interior,  so  placed 
prevent  a  retrograde  flow  of  the  chyle  or  lymph.  These  valves 
Dser  together  in  some  parts  than  in  others.  In  general,  they 
rther  apart  in  the  narrower  vessels,  but  in  the  thoracic  duct, 
irgest  of  all,  they  are  unfrequent.  They  are  usually  closest 
vessels  of  medium  size,  t.  «.,  in  those  of  from  j>j  to  -{^  of 
)h  diameter,  but  they  are  not  so  near  to  one  another  in  the 
LStios  of  the  upper  extremities,  and  the  head  and  neck,  as  in 
of  the  lower  limbs.  Besides  occurring  in  succession  in  the 
)  of  the  vessels,  they  are  almost  always  found  at  the  origin  or 
lation  of  branches,  and  also  where  the  lymphatics  empty  them- 
into  the  veins. 
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The  absorbent  TcaseU  bare  a  proper  coat,  an  outer  hiTestnmtrf 
areolar  tissue,  and  an  inner  lining  of  epithelium.  (1)  The  pnpa 
coat  is  formed  chiefly  of  circular  fibres,  relatively  most  ibnnaut  ■ 
the  smaller  vessels,  inilc 


Fig.  169. 


to  the  contractile  time  ndi 
bloodvesBels,  and  a  mo^iei- 
tion  of  the  nnBtripedrnM^ 
containing  elongated  nMfai 
On  the  inner  siae  of  dn  «■ 
cular  fibres  are  lon^tidiul 
fibres,  more  reaembline  wbiM 
fibroas  tissue  (Fig.  169,  ky 
(2)  The  fibres  of  the  inok 
coat  have  an  iiregnltr  wtm, 
and  blend  with  the  neigUto*- 
ing  tissues.  This  coat  aDsN 
of  slight  movements  of  ih 
vessel,  and  contains  the  ViaA- 
vessels  which  ramifj  in  eat- 
^    siderable    abundance  «  Ik 

firoper  coat.  (S)  The  efbit- 
ial  lining  consists  of  a  s^ 
layer  of  extremely  Matt 
nucleated  jmrticles,  fint  ■•■ 
tieed  by  Henle.  They  n 
usually  spindle-shaped,  isl 
fitted  sideways  to  uch  oiki 


(Fig.  169,  B). 
The  V  ■       " 


>  valves  (Fig.  170,  Qm 
formed  by  a  process  of  fibmi 
membrane  standine  off  iati 
the  vessel,  probably  vil^  ■ 
covering  of  the  epitbelin 
They  are  mostly  in  pairs,  of* 
crcsccntic  shape,  the  canni 
edge  attached,  the  coonn 
free,  and  when  in  action  coft- 
stitutc  a  perfect  barrier.  ^ 
wall  of  the  vessels  immeJilt^ 
ly  abovo  them  being  bulgtJ 
into  a  sinus,  so  as  to  gin  the 
canal  a  beaded  appeannce 
when  distended.  Mr.  LiM 
has  observed  tliat  some  of  the 
valves  are  single  and  circular 
with  a  central  perforaiion, 
and  therefore  incomplete- 
while  others  are  uncqnal  in 
size. 
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xtractility  of  the  Absorbent  Vessels. — This  depends  on  the  con- 
e  tissue  of  their  proper  coat.  The  property  may  be  demon- 
i  by  mechanically  irritating  a  large  vessel,  such  as  the  tho- 
luct,  in  an  animal  just  killed — it  undergoes  slow  contraction, 
bsorbent  vessels  continue  to  propel  their  contents,  even  when 
irrent  from  the  primary  networks  is  arrested  by  pressure,  and 
ley  seem  to  do  by  their  vital  contractility.  As  the  contents 
ce  the  vessels  diminish  in  diameter.  It  is  usual  to  find  the 
imtics  empty  and  collapse  some  time  after  death. 
5  lymphatic  glands  are,  for  the  most  part,  flattish  oval  bodies, 
n  consistence  and  light  colour,  situated  in  the  course  of  the 
latic  and  lacteal  vessels,  these  vessels  being  styled  afferent  as 
enter  the  gland,  and  efferent  as  they  leave  it.  The  glands 
Tom  the  size  of  a  millet-seed  to  that  of  an  almond.  They 
J  lie  loosely  in  the  areolar  texture,  well  protected  from  injury 
sir  mobility,  and  if  near  the  surface  of  the  body,  by  the  dispo- 
of  the  neighbouring  bones  or  muscles.  They  have  a  firm  but 
te  proper  capsule,  which  is  continuous  with  the  outer  coat  of 
issels,  and  which  sends  processes  inwards  upon  the  bloodvessels 
nnphatics  which  penetrate  the  glands. 

)  general  structure  of  these  glands  has  long  been  known,  being 
iisplayed  by  mercurial  injections  (Fig.  170,  A).     This  metal, 

thrown  into  an  afferent  vessel,  shows  that  tnis  divides  into 
e  branches,  most  of  which  spread  out  over  the  gland  before 
ng  it,  and  that  the  efferent  vessels  have  a  similar  arrangement 
a  opposite  side.  The  mercury  readily  fills  the  entire  gland, 
scapes  by  the  efferent  vessels.  The  surface  of  the  gland,  when 
ied  by  mercury,  exhibits  either  a  very  close  plexus  of  tortuous 
;e  vessels,  or  else  a  congeries  of  apparent  cells ;  and  while  there 
een  no  doubt  of  the  continuity  of  the  internal  tracts  of  the 

with  hoii^  the  afferent  and  efferent  vessels,  the  question  has 
discussed,  whether  these  tracts  are  simply  convolutions  of 
»  or  cellular  lateral  offsets  from  channels  traversing  the  gland 
acre  direct  course.  Both  of  these  views  may  possibly  be  true 
ferent  cases,  or  probably  the  convoluted  vessels  of  the  gland 
l>e  themselves  dilated  at  intervals  into  cells  which,  from  their 

of  package,  may  simulate  detached  cavities,  as  in  the  well- 
a  arrangement  of  the  vesiculse  seminales.  In  confirmation  of 
aat  view  it  may  be  observed,  that  the  tracts  of  the  gland  are 
ly  more  capacious  than  the  ramifications  of  the  afferent  and 
at  vessels  which  immediately  communicate  with  them. 
more  important  question  concerns  the  changes  in  the  tissues 
Dg  the  walls  of  the  afferent  vessels  on  their  entrance  into  the 
1,  and  this  has  been  ably  illustrated  by  Professor  Goodsir.  He 
ibes  the  outer  areolar  coat  as  passing  to  form  the  capsule  of  the 
ly  and  the  proper  coat  to  become  extremely  thin,  especially  in 
eeper  parts  of  the  gland.  The  epithelium,  however,  becomes 
er  and  more  opaque,  so  as  often  no  longer  to  transmit  the  light 
r  the  microscope,  and  by  the  action  of  acetic  acid  very  nume- 
nuclei  are  disclosed  in  it.     He  describes  the  elongated  nuclei 
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in  the  Bubatance  of  the  fproper)  membrane 
glandular  epithelium  rests,  and  appears  to  ci 
fiam  is  in  constant  decay  and  renovation,  be 
into  the  cavity  of  the  duote,  to  mingle  with 
lymph.* 

From  the  examinatiooB  we  have  made  of  t 
lower  mammalia,  we  are  disposed  to  agree  i 
this  description.  The  very  delicate  simpli 
nucleated  cells  lining  the  lymphatic  vesael  i 
becomes  in  the  gland  a  very  thick  and  rathei 
loaded  with  nuclei,  in  the  debris  of  which 
abundance  of  nucleated  cells  of  different  si 
cisely  resembling  the  white  or  colourless  lym 
to  be  described.  We  lean  strongly  to  the  i 
puscles  are  set  free  to  a  large  amount,  thou, 
aively,  from  the  surface  of  the  intrarglai 
structure  of  the  lymphatic  glands  offers  man; 
tomist,  and  there  can  be  little  doubt  that 
discover  peculiarities  aa  yet  undetected. 

The  lymphatic  glands  are  well  supplied  wi 
and  veins  derived  from  neighbouring  sources 
the  surface,  and  penetrate  oetween  the  ducta 
for  some  distance  a  sheath  derived  from  tl 
Isry  network  is  prob&bly  spread  out  on  tbi 
t.  e.  in  the  interstices  of  the  plexus  which  tl 
but  it  cannot  be  sciid  that  the  exact  relation 
the  abundant  granular  matter  of  the  ducts  I 
Tooally  demonstrated.  The  oapillaries  are 
large,  and  they  anastomose  throughout. 

iQ  injections  of  the  ducts  of  the  glands,  t 
find  its  way  very  readily  into  the  veins,  but 
and  it  has  been  concluded  by  Fohmsnn,  thi 
ral  communication  between  these  sets  of  vosa 
view  is  certainly  rendered  plausible  by  the 
the  lymphatics  in  the  veins  of  the  neck,  t 
appe.irs  to  be  established  by  the  observatioi 
and  Panizza,  thnt  in  birds,  as  well  as  in  n 
are  communicFttions  with  the  small  veins  i 
pelvis  and  abdomen.  Nevorthelcss,  the  evi 
munication  in  the  lymphatic  glands  is  ver 
more  probable  explanation  of  the  fact  aboi 
that  tlio  brittle  texture  of  the  interior  of  tl 
way  before  mercury,  and  that  then  the  m 
more  numerous  than  the  arteries  and  less  ri 
receive  the  extravasated  metal. 

Origin  of  the  Li/mphatici. — We  have  befori 
the  lacteals  in  the  villi  of  the  small  intestin< 
other  regions  have  been  usually  considered  ti 

*  Anatomicul  iu)i]  I'atliiilcgickl  Obar 


ORIGIN  OP  THB  LTIiPHATICS.  617 

the  Bkin  and  rnnoous  membranes,  and  on  the  snrface  of  the 
ter%  by  a  plexus  of  somewhat  variable  character.  In  the  skin 
Asd  elsewhere  the  meshes  are  very  close  and  small,  while  on  the 
"Itogs  they  are  much  more  open  and  the  vessels  larger.  The  surface 
^  the  liver  and  spleen  is  overran  with  a  network  of  lymphatics  of 
^  'kable  luxuriance.  So  far  as  mercurial  injection  can  inform  us, 
plexuses  are  the  commencement  of  the  lymphatic  system;  but 
have  been  recently  made  acquainted  with  a  system  of  lymphatic 
'   discovered  by  E^lliker  in  the  tail  of  the  larvae  of  batrachian 


—   t 


Fig.  171. 


ofalyMplutfcfeortlMttiiderpartortlMtenofatMlpolt.    a,  amfi9mMmhnn%, 
tite  wwSL  of  ttM  T4miL    b.  ProkmgAtioa  or  procew  of  this  BMsibrano.    e,  d.  twitj  granulM 


~    MlMhti  to  Ihm  iamte  maUet  of  tho  membnoe,  Mid  rarronnding  tbo  nncleL   e.  A  doted  oztniBitj  of 
r     "AavmbiL  /.  BnndMd  eell,  Joit  united  to  »  coiieettomUng  extmnitr.   a.  Brmodied  od),  on  the  point 


MpCflea,  which  renders  it  probable  that  a  still  finer  series  exists  in 
Ikit  higher  animals  and  in  man,  than  those  comparatively  large  ones 
Bkieh  compose  the  plexuses  just  mentioned.  Eblliker  observed  these 
mamdM  daring  life,  and  satisfied  himself  of  their  continuity  with  the 
anghbooring  lymphatic  trunks.  He  found  them  about  the  same 
■w  bvt  less  numerous  than  the  blood-capillaries,  and  composed  of  a 
ii— p^^i  verr  delicate  membranous  wall,  projecting  into  small  pointed 
here  and  there,  and  containing  a  few  flattened  nucleL 
ted  processes  may  belong  only  to  their  rudimentary  and 
to  their  completely  developed  concQtion.  He  states  that  they 
in  an  arborescent  manner,  without  anastomosing,  and  end  by 
Am  closed  extremities.  They  have  no  valves,  and  remain  of  the 
•■me  width  during  life,  but  after  death  exhibit  the  same  contrac- 
tility thouffh  not  of  so  active  a  kind,  as  the  capillaries,  by  lessening 
vuionnly  in  diameter  daring  a  certain  time.  He  was  able  to 
detect  the  movement  of  their  transparent  contents  by  that  of  the 
granules  and  lymph-corpuscles,  which,  in  rare  instances,  they  were 
obeerved  to  contain,  and  found  it  to  be  continuous,  and  verv  slow, 
ahnost  twelve  times  as  slow  as  that  of  the  blood  in  the  capillaries. 
Be  found  the  mode  of  development  of  these  primary  lymphatics  to 
40 
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resemble  closely  that  of  the  capillaries,  i.  e.,  it  takes  place  by  tk 
outgrowth  and  subsequent  coalescence  and  tabulation  of  proeeM 
from  contiguous  nucleated  cells. 

KoIliker*s  observations  on  the  relations  of  these  minute  lynpht* 
ics  with  the  capillaries  are  interesting.  He  found  that  when  tk 
current  of  blood  was  regular,  there  was  no  appearance  of  comnni' 
cation  between  the  two  orders  of  vessels,  but  that  when  the  drab 
tion  was  excited  and  tumultuous,  owing  to  the  confinement  of  tk 
tadpole  under  glass,  during  the  observation  under  a  high  magiiif|riig 
power,  red  blood-corpuscles  escaped  more  or  less  readily  from  the 
bloodvessels  into  the  contiguous  lymphatics ;  and  in  several  insUnees 
he  was  able  to  detect  actual  communications  between  lymphatiesrf 
the  finest  kind  and  the  network  of  capillary  bloodvessels.  Aftff 
careful  inquiry,  however,  he  concludes  that  these  junctions  are  die 
to  rupture,  or,  perhaps,  in  some  cases,  to  a  primitive  abnormal  fom- 
ation.  He  further  noticed  a  reflux  of  blood  into  the  lympkatiei 
through  the  orifices  by  which  their  trunks  open  into  the  larger  Teiii 
This  retrograde  current  was  almost  always  observed  when  the  Ri|i* 
ration  was  impeded  by  want  of  water,  and  the  veins  were  consequenUf 
gorged,  or  when  a  ligature  was  placed  round  the  head.  In  thebttv 
case,  the  whole  lymphatic  tree  was  often  fully  and  beautifoUyii* 
jected  with  blood. 


A  lymphatic  system  exists  in  all  the  Tertebrata,  but  the  gluids  are 
fishes  and  reptiles,  and  are  very  few  in  birds,  being  found  only  in  the  neck,  hf^ 
and  reptiles,  howcTcr,  there  occur  large  and  intricate  lymphatic  plexuses,  cti^T 
without  vhIvcb,  acconipnuyiiig  and  sometimes  completely  surrounding  the  bloodvfvdi 
in  a  luxiuriancc  quite  superior  to  anything  found  in  the  higher  chissea.  lioietWi 
there  exists  in  the  course  of  the  lymphatic  trunks  in  these  animals  and  ii  kirk 
pouches  furnii^hcd  with  yalyes  and  muscular  walls,  which  contract  riiythmicillf  a' 
urge  on  the  lymph  towards  the  veins.  These  lymphatic  hearts  arc,  in  birds  at  ImiIi 
formed  of  the  striped  fibre,  according  to  the  observation  of  Stannius  ;  and  we«fcto 
Volkmann  the  interesting  fact  that,  in  fh)gs,  their  contraction  may  be  excited  ijiki 
direct  influence  of  portions  of  the  spinal  marrow.* 

Do  the  Lacteal  and  Lymphatic  Vessels  absorb  f — From  tk 
account  now  given,  it  is  clear  that  the  structure  and  arrangement  of 
the  lymphatic  vessels  fit  them  only  for  the  conveyance  of  floid  u 
one  direction,  viz.,  from  the  various  tissues  in  which  they  oripnite 
to  the  great  veins,  and  thence  to  the  heart.  Hence  there  wn  be 
no  doubt,  that,  whatever  other  function  they  may  subserve,  thej 
are  designed  to  carry  fluid  into  the  blood  either  from  the  esrteriff 
of  the  body,  as  in  the  case  of  the  digestive  mucous  membrane  tnd 
the  skin,  or  from  the  interstices  of  the  various  textures,  whew  i^ 
may  have  been  derived  either  directly  from  the  circulating  mas?,  or 
indirectly  from  the  waste  of  the  textures  themselves.  It  wastiD 
lately  assumed  too  exclusively  that  this  system  of  vessels  was  the 
sole  agent  in  such  absorption,  and  hence  the  name  of  absorbwJ 
system,  as  applied  to  it,  and  the  view  which  allowed  the  bloodres- 
sels  no  share  in  the  absorbent  function. 

To  prove  that  the  lacteals  absorb  chyle,  it  is  only  necessary  w 

*  raget's  Report,  1844-5,  p.  27. 
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nine  them  in  a  fasting  and  in  a  recently  fed  animal.  In  the 
ler  their  contents  are  transparent,  in  the  latter  they  are  milky, 
the  opaque  fluid  can  be  shown,  by  simple  means,  to  move  on  in 
course  indicated  by  the  valves.  That  the  lymphatics  absorb 
^rhaps  beet  shown  by  the  phenomena  of  disease.  The  syphilitic 
on  is  frequently  carried  from  the  primary  sore  along  the  lymph- 
},  and  exciting  inflammation  in  this  route  may  occasion  do- 
ts, of  lymph  or  pus  either  on  the  penis  or  in  the  groin,  and 
matter  of  abscesses  so  formed  is  capable  of  imparting  the  disease 
ther  individuals,  thus  proving  the  multiplication,  and  probably 
the  real  transport  of  the  virus  along  these  channels.  The  in- 
mation  of  the  lymphatic  trunks  and  glands,  so  often  observed  to 
le  upon  accidental  wounds,  either  poisoned  or  not,  especially  in 
litated  subjects,  seems  due  to  an  actual  propagation  of  morbid 
trials  in  the  current  of  the  lymph,  exciting  inflammation  in  suc- 
ive  parts  as  it  comes  into  contact  with  them ;  and  the  severe 
titutional  disturbance  usually  attendant  on  this  state  of  lymphatic 
mmation  is  attributable,  with  a  high  degree  of  probability,  to  a 
liarge  of  some  such  morbid  fluid  contaminatipg  the  lymph  into 
bloodvessels,  so  as  to  mingle  with  the  general  circulating  mass 
»lood.  Wagner  mentions  that  the  axillary,  glands  of  a  subject 
ight  for  dissection  were  found  of  an  intense  red  colour  from  the 
Niition  of  cinnabar  in  their  texture,  while  on  the  arm  was  a  red 
)oed  figure  of  old  date,  which  had  evidently  furnished  the  mate- 

hat  the  bloodvessels  also  absorb,  however,  is  rendered  certain, 
merely  by  considering  that  their  structure  and  physical  con- 
ns furnish  every  element  requisite  for  this  function,  but  by 
iriments  of  a  conclusive  nature.  Panizza  poisoned  a  horse,  by 
Ining  hydrocyanic  acid  in  a  loop  of  intestine,  which  was  sepa- 
1  from  the  body  excepting  by  one  artery  and  vein  which  main- 
sd  the  circulation  in  it.  As  long  as  the  vein  was  compressed 
animal  escaped,  but  when  the  pressure  was  remitted  the  poison 
effect ;  and,  in  blood  drawn  from  the  vein,  the  acid  was  detected. 
tnUentMofthe  Absorbents. — The  lymphatics  (and  the  lacteals  when 
stibn  is  not  going  on)  contain  a  nearly  colourless  and  transparent 
,  termed  lymph,  in  which  are  included  a  number  of  colourless 
eated  cells  of  globular  shape  {lymph-^orpuscleSy  colourless  cor- 
iesi)y  analogous  to,  and  even  identical  with,  the  colourless  cor- 
les  of  the  blood.  The  lacteals,  during  the  digestion  of  fatty 
Wfs,  always  contain  another  element,  which  gives  a  milky  hue  to 
shyle,  viz.  a  finely  granular  matter,  termed,  by  Mr.  Gulliver,  the 
ocular  base. 

ymph  and  chyle,  when  withdrawn  from  their  vessels,  sponta- 
laly  coagulate  into  a  slightly  coherent  jelly  in  the  course  of  a 
minutes.  This  property  depends  on  the  presence  of  fibrine  in 
id  form,  as  in  the  blood,  and  varies  with  the  point  from  which 
lymph  is  drawn,  as  well  as  with  the  activity  of  the  nutritive 

*  Phjsiology,  hy  Willis,  p.  440. 
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rigour  in  the  animal  at  the  time.  The  dot  at  first  etit&ognnV 
floating  particles,  and  if  the  fibrine  bave  sufficient  energy,  it  qd^ 
goes  some  degree  nf  subsequent  contraction,  by  which  a  loow  aoi 
IS  separnted  from  the  fluid  part,  as  the  crassainentam  from  thi-  nam 
of  the  blood.  MoBt  of  the  corpuscles  usually  remaia  in  the  dot, 
though  some  escape  and  remain  with  the  Said  element.  Tb«coi^ 
Iftbilitv  of  the  l;mph  appears  to  bear  a  close  relation  to  that  of  ik 
blood  in  the  same  animal. 

Lymph. — The  liquid  portion,  liquor  lymphee,  is  supposed  Waw 
I  to  be  simply  albuminous  in  the  primary  network,  and  to  a«qwra  In 
[  ^brine  on  ita  paseuge  onwards  through  the  vessels  and  glands  t«nrli 
L  ^e  veins.  The  fibrine  ia  found  in  increasing  quantity  tovardf  lia 
\  nain  trunks,  though  never  in  so  large  a  proportion  as  in  tfar  Jifwr 
Y^''^^i'>ti»-  The  same  kind  of  saline  matters  are  also  met  «itia 
I'tbe  liquor  lymphte  as  in  the  liquor  sanguinis,  together  with  ■  tntt 
'of  fatty  substance  and  some  iron. 

The  lymph-ttorputcles  are  very  scanty  in  the  primary  network  taj 
branches  (as  already  noticed  in  lii 
Pig.  172.  observations  of  Kolliker),  and  li»j 

^  increase  in  number,  and  perbapb 

size,  towards  the  trunks,  exptaiij 
as  they  pass  the  glands.  Thtjpf^ 
sent  themselves  under  someTuiclia; 
in  one,  and  this  ia  the  most  nsaal,tk 
nucleus  is  concealed  by  a  ffvabt 
Diatter;  in  another  thisgranaUrMt 
li;r  appears  in  process  of  renonl* 
deliquescence,  so  that  the  melMiii 
visible ;  or,  again,  the  intcnal  W 
tween  the  nucleus  and  tbe  od^il 
may  be  quite  clear,  and  tbo  gra^tf 
matter  wanting.  These  oorfoda 
are  called,  by  Mr.  W.  Jone*,  rofMfr 
ively  the  granule  cell  uid  tbeMMb- 
aUd  cell  in  tke  uncoloured  tttgt,  wJ 
Ei't^S^^SSrlir^^LlJ^.*  he  further  points  oat  that  thm-* 
__».  ar  uMta  Md,  whhdi  ibnotv  diKioH  m  the  lymph  other  nucleaud  (w 
uj^^*or^a>r^i^Min°«tib'n  liifta  approximating  in  colour  to  tlitral- 
fch&iSu^'^i^or'liSlJ^l^l.nKriDll  corpuscles  of  the  blood,  ud  iW 
2r*^;S;r."TiiS;  '^p"^"^  ^^  "g^^^s  as  in  progress  to  \wm 
■bcwiBiHtiitheimiDiiistiidbDidiii.  /.L««q    fcd  blood-corpuscles,  by  kaiMti*' 

ooninKlo. npiwisnUy  Inclwtng  thnio  ntiilliir  „         ,,  /  ,  '.    '  ,  "    >  ^ 

SDH,  cub  dt  »i)rb  hu  ifafl  KTuniiitni  riui-  cell-wall,  and  becotmng  rMOCcu  K 
SMSSioE^nt-^M^^^cjaoo  iiSrt^?""  "    a  simple  nucleus.* 

Besides  these  true  corpuscles  of  tM 
lymph,  it  is  very  common  to  find  in  it  red  blood-corpascles.  TbeM 
it  is  probable,  have  been  accidentally  introduced  into  tbe  lyapiau 
Teasel  during  the  dissection  employed  to  lay  it  open. 

Chyle. — The  liquor  c/ii/H  contains  more  albumen  and  iiore  ^ 


'  rhiloiopLicii!  Trnnaactian;,  lg46,  p.  82,  ud  the  ii< 


CONTENTS  OP  THE  ABSORBENTS.  6S1 

)  liqnor  lymphae.  It  has  been  noticed  that  the  laoteals  near 
stine  contain  little  or  no  fibrine ;  their  contents  do  not  ac- 
ie  power  of  spontaneously  coagulating  till  we  approach  the 
inks.  Even  in  the  receptacnlom  chyli  and  the  thoracic  duct, 
le  chyle  is  commingled  with  the  lymph  from  distant  parts, 
formed  is  still  much  softer  than  that  of  blood, 
corpuscles  of  the  chyle  are  the  same  as  those  of  lymph.  In 
,  however,  we  have  in  most  instances  the  molecular  btue. 
ries  with  the  amount  of  fatty  matter  in  the  food.  It  gives 
e  that  milky  colour  which  was  shown  by  Tiedemann  and 
to  have  a  close  correspondence  with  the  fat  of  the  food.  It 
\  noticed  to  be  generally  absent  or  very  deficient  in  birds;  it 
bondant  in  herbivorous  animals  than  in  carnivorous.  If  a 
ied  on  food  from  which  fat  is  carefully  excluded,  the  chyle 
iilky,  but  whey-like  or  transparent. 

lenjamin  Brodie,  in  1816,  fed  a  cat  on  jelly,  and  a  dog  on 
I  jelly:  the  animals  were  killed  after  two  hours.  The 
8  were  found  nearly  empty,  the  duodena  filled  with  a  miz- 
Murently  of  chyle  and  jelly ;  the  lacteals  and  thoracic  ducts 
)d  tran^arent  chyle^  which  coagulated  spontaneously.  He 
fed  a  aog  on  lard,  after  a  fast  of  thirty-six  hours,  and  in 
\xm  killed  the  animal.  Some  lard  was  found  in  the  stomach, 
id  of  albuminous  character  in  the  duodenum,  the  same  tinged 
le  in  the  ileum,  and  in  the  thoracic  duct  perfect  milky 

lolecular  base  is  present  in  the  lacteals  from  the  very  cem- 
ent, even  from  the  villi  of  the  intestines.  It  seems  to  con- 
Imost  infinitely  small  particles  (Fig.  172,  a)  of  oleaginous  or 
itter,  thrown  into  this  form  by  contact  with  the  pancreatic 
1,  as  so  well  proved  by  Bernard.  The  particles  do  not  look 
mder  the  microscope — their  outline  is  not  definite  or  sharp, 
a  this  circumstance,  as  well  as  from  their  extreme  minute- 
is  not  easy  to  assign  them  an  exact  size.  In  fact,  they  vary 
it.  Mr.  Gulliver  makes  their  diameter  i^\jiji  of  an  incn. 
e  white  colour  of  the  chyle  does  not  depena  on  precisely  the 
.use  as  that  of  the  milk,  for  the  latter  exhibits  under  the 
ipe  myriads  of  true  oil-globules  of  different  sizes.  A  few 
lies  are  commonly  found  m  the  chyle,  but  they  are  probably 
ni8. 

k  0.  Bees  gives  the  following  analysis  of  the  contents  of 
acic  duct  of  a  criminal,  who  had  taken  two  ounces  of  bread 
*  ounces  of  meat  on  the  preceding  evening,  and  two  cups  of 
a  piece  of  toast  an  hour  before  he  was  executed,  and  whose 
B  examined  one  hour  and  a  quarter  after  death.  Nearly 
ihms  were  obtained,  of  a  milky  hue,  with  a  slight  tinge  of 


letions  firom  Notes  of  Physiological  Experiments,"  by  Sir  B.  C.  Brodie  Bart, 

9,  40, 41. 

Tnns.  1842,  p.  82. 


Lymph. 

Chyle,     f 

90.  .030 

90.287 

1.200 

8.516 

0.120 

0.870 

1.659 

1.565 

a  trace 

8.601 

0.685 

0.711 
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Water           .......  90.48 

Albumen,  with  traces  of  fibrine        ....  7.08 

Aqueous  extractive  ......  0.56 

Alcoholic  extractive,  or  osmazomo   ....  0.52 

Alkaline  chloride,  carbonate,  and  sulphate,  with  traces  >  ^  ^ 

of  alkaline  phosphate,  and  oxide  of  iron  .            .           /  ' 

Fatty  matters           ......  0.92 

100.00 

The  following  is  his  analysis  of  the  lymph  and  chyle  of  tk 

ass:* — 

Water  ...... 

Albumen  ..... 

Fibrine  ..... 

Extractive        ..... 

Fatty  matter   ..... 

tdaivS    ...... 

100.000        100.000 

These  latter  may  probably  be  taken  as  fair  samples  of  the  con- 
stitution of  the  lymph  and  chyle.  Much  variety,  however,  will  rf 
course  exist  in  specimens,  derived  from  different  animals,  and  it 
different  periods  of  digestion.  The  chief  distinctions  between  Ijmpk 
and  blood,  are :  1st,  the  absence  of  the  red  particles  in  the  former, 
and,  2d,  the  smaller  proportion  of  albumen  and  fibrine.  Cbjk 
differs  from  blood  in  the  same  points,  and,  moreover,  in  its  laige 
proportion  of  fat,  which  may  rise,  according  to  Nasse,  as  high  ii 
15  in  1000.  Chyle  differs  from  lymph  in  containing  more  albumen, 
and  much  more  fat. 

Quantity  of  Chyle  and  Lifmph. — That  the  chyle  enters  the  blood 
very  rapidly  along  the  lacteals  during  digestion  is  obvious  on  open- 
ing the  body  of  an  animal.  It  is  easy  to  collect  from  the  thoracic 
duct  of  a  small  dog,  in  the  course  of  a  few  minutes,  as  much  as  will 
fill  a  watch-glass.  If  absorption  is  actively  going  on  at  the  moment, 
a  ligature  on  the  duct  will  often  be  followed  by  a  rupture  of  some 
vessel  below  by  the  onward  pressure  of  the  current.  So  the  lympk* 
in  some  instances,  has  been  collected  in  considerable  <[uantitv  in  a 
short  !?pace  of  time.  Geigcr,  from  an  open  lymphatic  on  the  foot  »•: 
a  horse,  collected  from  three  to  five  pounds  of  lymph  daily.  BidJer 
has  performed  some  experiments  on  cats,  from  which  he  estimates 
that  a  quantity  of  lymph  and  chyle,  together  equal  to  one-si.xih  tlie 
weight  of  the  body,  or  the  whole  weight  of  the  blood,  enter?  the 
circulation  every  twenty-four  hours,  lint  it  must  be  borne  in  mbl 
that  this  does  not  all  form  new  supply,  the  lymph  being,  probablj. 
in  large  measure  derived  from  that  li([uor  sanguinis  which  nas  escain! 
from  the  capillaries  into  the  interstices  of  the  tissues,  and  i^liifi 
cannot  re-enter  the  capillaries  in  a  direct  manner. 

MechaniHm  of  AhHtrrption. — In  considering  this  part  of  tlesnV 
ject,  the  following  points  should  be  remembered: — 

1.  TIio  ]»ro('cs.s  (►!' absorption  in  living:  bodios  implies  imbihUion  hy  their  ti<>uf^w! 
subsequent  tran!>miyt^inn  di'lhc  inibibe<l  llui«I  by  the  vascular  cliuniieU  to  distant  J'*^*- 

•  Med.  Gazette,  Jp.  1841. 
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5.  As  regards  imbibition,  it  is  a  phenomenon  of  a  purely  physico-chemical  nature, 
omI  occurs  in  inorganic  as  well  as  organic  bodies,  and  in  organic  bodies  both  when 
Mul  and  lixing.  It  depends  mainly  on  the  force  of  adhesion  between  a  fluid  and  a 
Broas  solid,  by  which  the  fluid  is  drawn  into  the  interstitial  passages  of  the  solid. 

8.  The  fluid  chiefly  concerned  in  this  process  in  all  animal  and  vegetable  bodies  is 

mter,  which,  as  already  stated,  has  a  close  affinity  for  their  tissues,  and  forms  an 

iwntial  ingredient  of  them,  without  which  they  for  the  most  part  lose  their  vital 

■d  physical  properties. 

4.  The  various  other  substances  which  are  imbibed  in  living  bodies  are  taken  up  in 

State  of  aqueous  solution,  such  as  gases,  albumen,  fibrine,  salts,  &c. 

6.  H^liere  the  fluid  is  rendered  complex  by  holding  in  solution  various  substances 
Ueli  have  different  degrees  of  the  force  of  heterogeneous  adhesion  for  each  other, 
»  th^  water  they  are  dissolved  in  and  for  the  porous  solid,  the  phenomena  of  their 
rannnission  are  also  complex :  various  preferences,  if  we  may  so  express  it,  exist ; 
om  ingredient  penetrates  rather  than  another,  and  the  results  depend  very  much  on 
10  chemical  quialities  of  the  elements  concerned. 

6.  The  laws  relating  to  the  mixture  of  different  fluids  also  exert  an  important  in- 
on  the  phenomenon. 


Keferring  to  a  former  page  (p.  67)  for  a  brief  notice  of  the  phe- 
oinena  of  endosmose  and  exosmose,  as  observed  by  Dutrochet,  we 
tmj  conveniently  proceed  with  the  consideration  of  the  mechanism 
f  absorption  in  the  living  body  under  the  following  heads : — 

JLbBorption  as  influenced  by  the  Qualities  of  the  Fluids, — It  was 
lk>wn  by  Ghevreul,  that  an  animal  tissue  imbibed  very  different 
mounts  of  different  fluids  with  which  it  was  brought  into  contact 
fter  it  had  been  dried.  Thus  the  cornea  took  up  water,  brine,  and 
ly  in  the  proportions  of  461,  870,  and  9;  and  Liebig,  in  experi- 
tents  with  the  dried  bladder  of  the  ox  and  pig,  has  found  that  ''  of 
1  liqaids,  pure  water  is  taken  up  in  the  largest  quantity ;  that  the 
Morptive  power  for  solution  of  salt  diminishes  in  a  certain  ratio  as 
le  proportion  of  salt  increases;  and  that  a  mixture  of  alcohol  and 
mter  is  taken  up  more  abundantly  the  less  alcohol  it  contains/''*' 

The  mixture  of  two  dissimilar  fluids  through  a  membrane  is  much 
iflnenced  by  their  respective  attractions  for  the  membrane.  Thus, 
I  water  has  a  stronger  affinity  for  the  membrane  than  brine  or 
loobol,  it  permeates  it  more  readily  and  arrives  in  greater  quantity 
i  m  given  time  on  the  opposite  surface  than  either  of  those  fluids. 
CaBce  more  water  comes  through  to  mix  with  the  alcohol,  than 
leobol  to  mix  with  the  water,  and  an  accumulation  of  the  mixed 
nds  consequently  takes  place  on  'the  side  of  the  alcohol ;  for  the 
loobol,  or  the  water,  having  once  traversed  the  thickness  of  the 
ijBmbrane,  comes  into  contact  with  the  oppjosite  fluid,  and  becomes 
Ubsed  through  it  in  obedience  to  known  laws.  The  same  is  true 
I  remrd  to  various  substances  miscible  with  water  or  dissolved  in  it. 

Within  the  bloodvessels  and  the  lymphatics  is  a  fluid  considerably 
enser  than  water,  and  having  less  affinity  for  the  walls  than  water. 
[ence,  if  water  be  applied  to  the  surface  of  the  body  or  taken  into 
lie  stomach,  it  readily  enters  the  circulation,  particularly  in  the  lat- 
er case,  where  it  is  brought  into  much  closer  contact  with  the  blood- 
vessels. If  a  quart  of  warm  water  be  injected  into  a  torpid  colon, 
lalf  an  hour  will  almost  suffice  to  convey  it  into  the  bloodvessels, 

*  Researches  on  the  Motion  of  the  Juices  in  the  Animal  Body.  Transhited  bj 
Wml  Gregory,  M.  D.    London:  1848.    P.  9. 
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and  thence  through  the  kidneys  into  the  bladder.  If,  howerer,  tkc 
injected  water  hold  a  considerable  quantity  of  common  salt  in  aoli- 
tion,  it  will  be  absorbed  more  slowly ;  while,  if  the  solation  be  aeoa- 
centrated  one,  the  fluid  portion  of  the  blood  will  pass  out  of  Ai 
vessels  to  mix  with  the  saline  solution.  The  action  of  nsij 
medicines  taken  by  the  mouthy  particularly  of  saline  purgativfli,  ■ 
in  some  measure  explained  by  these  laws. 

It  is  interesting  to  notice  that  albumen  passes  less  readOy  thro^ 
an  animal  membrane  than  gelatine,  gum,  or  sugar.  Thus  akohi^ 
ether,  oil,  albumen,  gum,  and  sugar  would  disappear  from  tk 
stomach  in  very  different  intervals  of  time. 

Absorption  as  influenced  by  the  Porous  Solid, — An  extenm 
and  accurate  series  of  experiments  has  been  recently  performed  Ij 
MM.  Matteucci  and  Gima,  in  which  they  investigated  the  iafliMM 
of  different  kinds  of  animal  membranes,  and  of  various  arranfeiMiti 
of  them,  on  the  transmission  of  various  fluids.  They  empTojal- 
1.  The  skin  of  the  frog,  the  torpedo,  and  the  eel ;  2.  The  mnooa 
lining  of  the  stomach  of  the  lamb,  cat,  and  dog,  and  of  the  ginvl 
of  the  fowl ;  and,  3.  The  mucous  lining  of  the  bladder  of  die  a 
and  pig.  The  following  are  the  general  conclusions  derived  froa 
these  experiments,  in  the  words  of  their  translator : — 

^^  1st.  The  membrane  interposed  between  the  two  liquids  is  vn 
actively  concerned,  according  to  its  nature,  in  the  intensity  m. 
direction  of  the  endosmotic  current. 

"  2ndly.  There  is,  in  general,  for  each  membrane,  a  eertiii 
position  in  which  endosmose  is  most  intense ;  and  the  cases  are  rei; 
rare  in  which,  with  fresh  membrane,  endosmose  takes  place  eqoiDj, 
whatever  be  the  relative  position  of  the  membrane  to  the  two 
liquids. 

*'  Srdly.  The  direction  which  is  most  favourable  to  endosmoie 
through  skins,  is  usually  from  the  internal  to  the  external  surlaee, 
with  the  exception  of  the  skin  of  the  frog,  in  which  endosmose,  is 
the  single  case  of  water  and  alcohol,  is  promoted  from  the  extenil 
to  the  internal  surface. 

"  4thly.  The  direction  favourable  to  endosmose  through  stomachs 
and  urinary  bladders  varies  with  different  liquids  much  more  than 
through  skins. 

"  5thly.  The  phenomenon  of  endosmose  is  intimately  connected 
with  the  physiological  (natural  or  healthy)  condition  of  the  mem- 
branes. 

"  Gthly.  With  membranes,  dried  or  altered  by  putrefaction,  either 
we  do  not  observe  the  usual  difference  arising  from  the  position  of 
their  surfaces,  or  endosmose  no  longer  takes  place."* 

With  the  mucous  lining  of  the  stomach  of  the  lamb  (whether  the 
paunch  or  the  true  digestive  stomach  is  not  mentioned)  these  tnst* 
worthy  experimenters  found  that  water  passed  through  towards  a 
solution  of  sugar  in  greater  quantity  when  the  water  was  at  fct 

*  Lectures  on  the  Pliysical  Phenomenn  of  Living  Beings.     By  Carlo  Mfttteucd 
Translated  under  the  superintendence  of  Dr.  Pcreira.     Am.  Ed.  p.  71. 
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»ii  that  side  of  the  membrane  which  is  naturallj  turned  to- 
le  interior  of  the  cavity  of  the  stomach,  than  when  it  was 
tn  the  opposite  side ;  the  proportions  being  about  as  six  to 
»n  the  contrary,  when  solution  of  white  of  egg  was  used, 
issed  more  readily,  when  placed  in  contact  with  the  attached 
ucous  surface  than  when  in  contact  with  the  free  or  epithe- 
ace.  It  passed  also  towards  the  albumen  in  only  half  the 
'  that  it  cQd  to  the  sugar.  Again,  with  a  solution  of  gum, 
osmose  was  very  feeble,  whichever  way  the  membrane  was 
-and  seemed  to  follow  no  rule. 

\  facts  show  the  influence  exerted  by  the  structure  or  chemi- 
>erties  of  the  membrane  in  this  process,  but  we  are  still  very 
I  the  dark  as  to  the  intimate  cause  of  the  influence  thus 

are  sufficient,  however,  to  indicate  the  extremely  important 
9  in  physiology,  that  the  chemical  and  structural  properties 
ssues  exert  a  great  influence  on  all  those  processes  in  which 
3cular  motion  of  fluids  is  concerned. 

hickness  or  thinness  of  the  membrane  also  much  affects  the 
nd  that  for  an  obvious  mechanical  reason.  If  the  transmis- 
iuids  is  30  rapidly  carried  on  out  of  the  body,  through  the 
lickness  of  compound  and  dense  membranes,  how  much  more 
ous  must  it  be  in  the  living  tissues,  where  the  external  fluid 
eneral  but  one  or  two  very  attenuated  films  of  membrane  to 

in  order  to  arrive  within  the  capillary  bloodvessels. 
ftion  a$  influenced  by  Pressure. — The  influence  of  pressure 
passage   of  fluids  through  membranes  is  illustrated  b^a 

filter,  or  by  tying  a  membrane  over  one  end  of  a  vessel 
ng  fluid,  to  which  a  syringe  capable  of  applying  various  de- 
f  pressure  is  adapted.  In  the  latter  case,  the  rapidity  of 
ision  will  be  found,  ceeteris  paribus^  to  depend  on  the  degree 
lure  employed,  and  after  a  certain  time  the  transmission 
iccelerated  by  the  enlargement  of  the  pores  of  the  membrane, 
iray  pressure  may  be  used  as  a  test  of  the  relative  transmis- 
»f  different  fluids  through  membranes  of  various  thickness 
lity;  and  Liebig  has  found  that  "through  ox-bladder,  f|^ 
eh  thick,  water  flows  under  a  pressure  of  twelve  inches  of 
';  that  a  saturated  solution  of  sea  salt  requires  from  eighteen 
\y  inches;  and  that  marrow  oil  only  flows  out  under  a  pres- 
Uiirty-four  inches  of  mercury. 

en  the  membrane  used  is  the  peritoneum  of  the  ox,  j}^ 
ch  in  thickness,  water  is  forced  through  it  by  eight  to  ten 
>rine  by  twelve  to  sixteen  inches,  oil  by  twenty-two  to  twenty- 
hes,  and  alcohol  by  thirty-six  to  forty  inches  of  mercury;" 
ice  it  appears,  as  this  eminent  writer  remarks,  that  "  the 
f  a  liquid  to  filter  through  an  animal  membrane  bears  no 
to  the  mobility  of  its  particles ;  for  under  a  pressure  which 
rater,  brine,  or  oil  to  pass  through,  the  far  more  mobile  al- 
ios not  pass." 
ressure  promotes  the  transmission  of  fluid  through  a  mem- 
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brane  in  one  direction,  so  it  tends  to  interrupt  tbe  passage  of  the 
other  fluid  in  the  opposite  direction^-or,  to  apply  this  to  the  blood- 
vessels of  the  living  body,  if  they  are  distended  by  an  over-grat 
quantity  of  blood,  so  that  this  fluid  reacts  upon  their  inner  snrfaee^ 
as  in  the  case  of  plethora,  fluids  enter  them  with  difficulty  from 
without  —  whereas,  if  their  bulk  is  diminished  by  veneseetioi, 
absorption  is  comparatively  rapid.  This  conclusion  was  estabUshfll 
by  Magendie  on  good  grounds,  and  it  has  some  illustrations  ai 
valuable  applications  in  practice. 

Absorption  as  influenced  by  motion  of  the  Fluid  fcithin  the  Fendk 
— Fluid  may  be  raised  out  of  a  reservoir  against  gravity,  by  direct- 
ing a  stream  along  a  membranous  canal,  which  lies  immersed  in  ds 
stagnant  fluid.  The  outer  fluid  enters  the  canal  by  endosmose,  ani 
is  carried  away  with  a  speed  proportioned  to  the  velocity  of  the  cv^ 
rent.  If  the  fluid  in  motion  is  so  compressed  as  to  exert  mick 
lateral  pressure  on  the  wall  of  the  tube,  it  will  rather  itself  pass  oit- 
wards,  so  as  to  mingle  with  the  fluid  at  rest,  than  receive  and  cany 
ofl*  the  latter.  If  the  fluid  in  motion  is  also  the  more  dense,  or 
otherwise,  that  towards  %hich  the  external  fluid  would  flow  if  botk 
were  stagnant,  then  its  motion  accelerates  the  endosmose  by  eoa- 
stantly  bringing  on  fresh  fluid  of  the  original  density,  bo  that  the 
first  rate  of  transmission  is  maintained.* 

It  will  be  scarcely  necessary  to  state  in  detail  the  particular  beu^ 
ing  which  the  preceding  considerations  have  on  the  question  of  the 
mechanism  of  the  absorbent  process  in  the  living  body.  It  is,  how- 
ever, very  evident  that  they  leave  us  with  little  more  than  some 
general  indications  of  the  lines  in  which  further  investigation  maybe 
pursued  with  advantage. 

Applying  them  to  the  mechanical  arrangements  provided  in  tbe 
living  animal  for  this  function,  it  is  plain  that  they  have  a  nearer 
reference  to  the  capillary  bloodvessels  than  to  the  lymphatics.  la 
both  wc  have  a  simple  membrane  of  extreme  thinness,  througb 
which  the  absorbed  fluid  has  to  pass,  and  in  doing  so  it  must  neces- 
sarily obey  those  laws  which  form  the  proper  subject  of  experimontJ 
physico-chemical  inquiry.  But  in  the  bloodvessels,  the  fluid  on  ibe 
side  towards  which  absorption  tends,  is  already  in  motion  by  a 
mechanical  force,  tlie  heart's  action,  and  the  absorption  is  accompi- 
nied  with  a  contrary  current  of  exosmose ;  whereas  in  the  lympha- 
tics, the  internal  fluid  appears  to  have  no  motion  but  what  is  derived 
from  the  same  force  on  which  the  endosmose  depends,  and  wo  have 
no  evidence  of  any  outgoing  current.     In  these  respects  the  abs^orb- 

*  In  a  valuable  paper  by  our  frieinl,  I>r.  Robinson,  of  Newcastle  f-Vft/.  Gn^-- 
1844),  many  cx[>eriniciits  and  arj;ument.s  are  given  to  sbow  that  nb5«orption  pKt*^^ 
rather  on  the  venous  mlo  t>f  the  eapillary  network,  and  in  the  small  veins  i1iaJ»  '^ 
the  arterial  side.  lie  considers  the  motion  of  the  blood  to  be  an  influential  cau»f  . 
absorption,  by  diminishing  its  pressure  (uitwanls  on  the  vascular  walls,  an-I  tli"^ 
allowing  tlie  external  pressure  (that  of  the  atmosphere  an<l  of  the  surrountUii)?tiN»urti 
to  predominate.  TJiere  can  hardly  be  a  doubt  tiiat  the  rapidity  of  absor|'ti"n  wi  u'i 
bo  influenced  by  the  rate  of  movement  of  the  blood  as  well  as  by  other  niecha-i*.'*' 
conditions. 
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■its  resemble,  more  nearly  than  the  capillaries,  the  spongioles  and 
ikorbent  vessels  of  plants. 

Junction  of  the  Ab9orbent8. — A  few  words  may  be  added  on  the 
IM  of  the  absorbents  in  the  economy.  The  chyliferous  vestels 
vobably  have  the  same  office  for  the  intestinal  tissues  as  the  lympha- 
ies  in  other  parts ;  but  besides  this,  they  are  largely  developed, 
ind  specially  adapted  by  their  mode  of  origin  on  the  mucous  surface, 

0  take  up  a  portion,  at  least,  of  the  food,  after  it  has  been  rendered 
lapable  of  absorption  by  the  action  of  the  pancreatic  secretion.  This 
Mniion  appears  to  be  pre-eminently  the  fatty  or  oily,  which,  as  far 
m  experiments  and  observation  have  yet  determined,  is  almost  ez- 
tasively  absorbed  by  the  lacteals.  It  is  chiefly  in  containing  so 
■neh  more  fat  that  chyle  differs  from  lymph. 

The  lymphatics  cannot  yet  be  said  to  have  their  office  at  all  defini- 
mly  ascertained,  yet  it  is  not  difficult  to  assign  them  a  part  with 
N>me  degree  of  probability.  It  appears  that  they  form  an  interlace- 
nent  among  the  capillaries  in  the  interstices  of  most  of  the  organs 
ind  tissues  of  the  body,  and  contain  a  fluid  not  disimilar  in  kind 
rom  the  liquor  sanguinis,  though  more  dilute.  They  cannot  be  en- 
piged  in  distributing  new  material  to  the  organism,  because  their 
itrocture  adapts  them  only  for  removing  fluid  from  the  tissues,  and 
lOnring  it  into  the  bloodvessels,  and  because  the  current  within  them 

1  unequivocally  in  that  one  direction.  Thus  the  fluid  they  contain 
rast  enter  them  from  the  interstices  of  the  tissues,  having  been  ulti- 
lately  derived  either  directly  from  the  capillaries,  or  indirectly  from 
hem  through  the  tissues.  It  seems  not  improbable  that  the  liquor 
angainis  effused  through  the  capillary  walls  for  the  nutrition  of  fne 
issues,  may  have  its  superfluous  parts  removed  through  the  lympha- 
icrs,  as  it  would,  perhaps,  be  more  readily  received  into  these  new 
hsnnels  than  into  the  same  from  which  it  had  just  been  poured.  It 
I  a  question  quite  undetermined,  whether  the  effete  materials  of  the 
issues  are  returned  to  the  circulation  in  any  large  measure  through 
he  lymphatics,  or  whether  they  are  principally  restored  to  it  by 
[irectlv  entering  the  capillaries,  in  exchange  for  that  outgoing  cur- 
ent  of  renovating  plasma  which  serves  to  supply  the  waste  in  nutri- 
ion.  The  carbonic  acid  at  least,  if  indeed  that  product  be  formed 
mong  the  tissues,  outside  the  capillaries,  and  not  in  the  blood, 
eems  to  enter  the  capillaries  in  a  direct  manner  through  their  wall, 
ince  it  is  found  in  greater  quantity  in  venous  than  in  arterial 
ilood. 

The  absorbent  system,  with  its  glands,  may  be  regarded  in  yet 
tnother  light,  viz.,  as  a  great  internal  glandular  or  secreting  system, 
ihe  ducts  of  which  open  not  on  the  surface  of  the  body,  but  into  the 
PBSCular  system.  It  is  conceived  that  the  inner  surface  of  the 
ymphatics,  and  especially  of  the  lymphatic  glands,  serves  to  elabo- 
rate and  separate  from  the  blood  contained  in  the  vessels  distributed 
m  their  walls  a  secretion  which  is  set  free  into  their  interior,  and  is 
omnsmitted  ultimately  to  the  current  of  circulating  blood  through 
the  efferent  vessels  of  the  glands,  which  may  be  thus  looked  upon 
u  excretory  ducts.     Some  physiologists  attach  much  importance 
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to  the  alleged  increase  in  the  quantity  of  fibrine  contained  in  die 
lymph  as  it  traverses  the  absorbent  system,  and  conclude  that  tUi 
is  due  to  the  elaborating  agency  of  the  epithelial  element  of  the 
absorbent  tracts  on  the  albumen  of  the  lymph.  We  owe  to  Dr. 
Carpenter  a  very  interesting  hypothesis  on  the  influence,  in  tin 
respect,  of  the  colourless  corpuscles,  which  he  imagines  to  exert  thii 
catalytic  action  on  the  albumen  in  which  they  float.  This  idea  viD 
be  best  considered  in  the  Chapter  on  the  Blood. 

On  the  subjects  of  tlio  foregoing  chnpter,  in  addition  to  the  STStematic  voits« 
Physiology  before  referreil  t/),  the  student  may  consult  Mr.  line's  article  **Lt»- 
phntic  System/*  in  the  ('yclop'.edia  of  Anatomy  and  Physiology;  Mattroxi'i 
**  Lectures  on  the  Phyt^ionl  Phenomena  of  Living  Beings,*'  translated  hy  Perein:M< 
the  valuable  "  Reports"  by  M.  Paget,  in  the  British  and  Foreign  Medical  Re»ie». 
We  would  also  refer  to  a  recent  work  by  Liebig,  on  the  motion  of  the  juices  of  tk 
animal  body,  ably  translated  by  Dr.  Gregory,  from  which  we  have  derived  mnck  u- 
sistance. 


CHAPTER  XXVII. 

THE  BLOOD. — ITS  QUALITIES. — ITS  PHYSICAL  ANALYSIS. — THE  UQCOI 
SANGUINIS. — THE  BLOOD- PARTICLES. — THE  QUANTITY  OF  BLOOD  VS 
THE  BODY. — THE  PHENOMENON  OF  COAGULATION. — ^THE  COKSTlir- 
ENTS  OF  THE  BLOOD. — ANATOMY  OF  THE  BLOOD-CORPUSCLES.— THEB 
MODE  OF  ORIGIN. — THEIR  FUNCTION. — THE  CHEMICAL  ANALYSIS  OF 
THE  BLOOD. — CHANGES  PRODUCED  IN  THE  BLOOD  BY  VKNE^EaiOX 
— AND  BY  DISEASE. 

The  Wood  is  a  fluid,  which  is  always  circulating  in  numberless 
canals  among  the  various  tissues  and  organs  of  the  body ;  it  is  the 
source  whence  those  tissues  and  organs  draw  their  nutriment,  anl 
from  which  the  glands  derive  the  materials  for  their  several  sem- 
tions.  The  lymph  and  the  chyle  are  poured  into  it  as  tributary 
streams ;  the  former  conveying  to  it,  in  solution,  materials  yiolW 
up  by  the  wear  and  tear  of  the  tissues,  and  also  derived  from 
without ;  the  latter  bringing  tX)  it  new  matter  formed  by  the  digestive 
process. 

The  blood  is  a  thick  fluid,  apparently  homogeneous,  of  higl 
specific  gravity  (1041 — 1082,  Simon),  and  of  a  red  colour,  in  ail 
the  vertebrate  and  most  of  the  invertebrate  classes,  but  cxhibitiDg 
differences  of  colour,  according  to  circumstances  to  be  noticed  here- 
after.— A  saltish  taste,  and  a  peculiar  heavy  odour,  must  also  be 
reckoned  among  its  characters.  If  allowed  to  rest  in  a  cup,  '^r 
other  vessel,  it  exhibits  a  remarkable  spontaneous  ana1y8is.  Ifi 
the  course  of  from  ten  minutes  to  a  half  an  hour  it  separates  into  i 
solid  portion  (the  crassamentum)  and  a  fluid  portion  (the  serum'. 
The  latter,  if  carefully  decanted  off,  will  be  found  to  be  a  clear 
straw-coloured  fluid,  the  menstruum  of  that  great  variety  of  mate- 
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lich  is  held  in  solation  or  suspension  in  the  blood.  Albumen 
I  quantity,  salts,  and  various  organic  matters,  are  dissolved 
»ily  matters  are  suspended  in  it ;  and  prior  Xo  coagulation 
is  held  in  solution,  and  coloured  and  other  particles  are  dif- 
i  infinite  multitudes  throughout  it. 
irtificial  physical  analysis  of  the  blood,  first  suggested  by 

shows  satisfactorily  the  true  relation  of  its  various  con- 
s.  If  the  blood  of  an  animal  whose  coloured  particles  are 
B  size,  as  the  common  frog,  be  passed  through  filtering 
ts  liquid  portion  passes  through,  leaving  the  coloured  parti- 
m  the  filter;  thus  analysing  the  blood  into  two  partih— 1A10 
€mguin%s  and  the  bhod  particles.  The  former,  by  the  spon- 
coagulation  of  the  fibrine,  quickly  separates  into  serum  and 
which  in  this  instance  is  colourless,  but  in  the  ordinary 
tion  it  is  more  or  less  coloured  by  the  red  particles,  which 

entangled  by  the  coagulating  fibrine.  Another  mode  of 
;  a  similar  analysis  is  tliat  suggested  by  Dr.  A.  Buchanan  of 
r :  it  consists  in  mixing  fresh-drawn  blood  with  six  or  eight 
B  bulk  of  serum,  and  filtering  through  blotting-paper:  coagn- 
\  retarded  by  the  admixture  with  serum,  and  a  great  part  of 
ted  liquor  sanguinis  passes  through  the  filter,  and  subse- 
eoagulates.  By  microscopical  anuysis  of  the  blood,  we  find 
aides  the  red  particles,  it  contains  others  which  are  devoid 
ring  matter — namely,  the  eolourlese  earpueele^ 
constitution  of  the  blood  is  expressed  by  Uie  following  table: — 

f  oorpofldee ;  red  and  ooloviiws. 
The  blood  oonaiBtB  of  jg^^^,  Bwignfnis,  contiBting  of  {  J^ 

the  blood  has  the  same  essential  characters  in  both  the  ver- 
and  invertebrate  classes,  has  been  shown  by  Mr.  Wharton 
researches,  who  finds  the  coloured  and  colourless  corpuscles 
flood  of  all  animals,  presenting,  however,  sufficiently  distinct* 
ores. 

in  and  the  mammalia  there  are  two  kinds  of  blood,  distin- 
by  difierence  of  hue,  the  searletj  arterial  bloodj  obtained 
B  left  side  of  the  heart,  and  from  the  arteries ;  and  the  Hack, 
redj  venotu  blood,  obtained  from  the  right  side  of  the  heart, 
m  the  systemic  veins.  We  shall  consider,  further  on,  the 
sharacters  of  each  kind,  and  the  cause  of  their  difierenoes. 
temperature  of  the  blood  ranges  between  100°  and  105°. 
tion  is  slightly  alkaline,  so  that  a  drachm  of  blood  will  satn- 
her  more  than  a  drop  of  vinegar. 

consideration  of  the  natural  history  of  the  human  blood 
\  the  determination  of  the  following  points: — 
f  the  quantity  of  blood  in  the  bod^. 

idly,  the  phenomenon  of  coagulation,  and  the  circumstances 
romote  or  retard  it. 

Uy,  the  physical  analysis  of  the  blood,  and  the  characters  of 
titnents. 
thly,  the  chemical  analysis  of  the  blood. 
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I.  Of  the  Quantity  of  Blood  in  the  Body. — It  is  almost  impoanUe 
to  obtain  sufficiently  accurate  data  upon  which  to  fonnd  a  calcnktiM 
of  the  total  quantity  of  the  blood  which  circulates  in  the  Tsaeols 
system.  The  various  estimates  which  have  been  formed  have  bctt 
guesses,  based  on  trials  by  Jbleeding  animals  to  death,  and  oompoi- 
ing  the  weight  of  the  blood  drawn  with  that  of  the  animal's  bodj: 
also,  on  ascertaining,  in  various  cases  of  hemorrhage,  or  of  veneiN- 
tion,  the  quantity  of  blood  which  had  been  lost  in  a  brief  periol, 
without  destruction  to  life. 

Harvey  estimated  the  weight  of  the  blood  as  one-twentieth  of 
that  of  the  body,  and  Haller  at  one-fifth.  According  to  the  fonscr 
estimate,  a  man  of  one  hundred  and  fifty  pounds'  weight  would  lisn 
only  about  seven  and  a  half  pounds  of  blood,  whilst  the  latter  vosU 
assign  him  thirty  pounds. 

Valentin  devised  an  ingenious  method  of  estimating  the  quaiititj 
of  the  blood.  He  first  ascertains  the  amount  of  solid  conatitiMili 
in  a  certain  quantity  of  blood,  withdrawn  by  venesection ;  this  ii 
replaced  by  a  certain  quantity  of  distilled  water,  and  then  he  um-^ 
tains  the  amount  of  solid  constituents  in  a  quanti^  of  the  Mt 
diluted  blood  equal  to  that  which  had  been  first  withdrawn.  Fna 
the  data  thus  obtained  he  calculates  the  whole  quantity  of  the  lliid, 
which  admits  of  such  a  change  in  its  specific  gravity,  by  the  iib- 
stitution  of  a  certain  quantity  of  distilled  water  for  the  quantitj  of 
the  fluid  itself  previously  withdrawn.  The  problem  is,  to  detemlM 
the  quantity  of  fluid  of  specific  gravity  B,  which,  on  removing  fitiB 
it  say  six  ounces,  and  replacing  those  six  ounces  by  a  certain  qun- 
tity  of  distilled  water,  becomes  reduced  to  the  specific  grsTitj^. 
Having  by  this  method  determined  the  quantity  of  the  blood  in  do^ 
be  deduces  the  quantity  of  blood  in  the  human  body  by  comparing 
the  weight  of  men  with  that  of  dogs.  And  thus  he  assigns  abost 
thirty-two  pounds  for  a  man  between  thirty  and  forty  years  of  igc^ 
and  twenty-eight  pounds  for  the  female.* 

On  the  whole,  we  have  no  right  to  infer  that  the  quantity  of  blooJ 
in  the  human  body  exceeds  thirty  pounds;  and,  for  practical  pur- 
poses, wc  shall  do  well  to  form  a  much  lower  estimate  of  it,  and  to 
learu  from  thence  how  important  it  is  to  avoid  being  prodigal  in  tk 
removal  of  a  fluid,  so  essential  to  the  phenomena  of  life^-and  to 
beware  of  subjecting  patients  to  those  excessive  losses  of  blood, 
which,  experience  teaches  us,  too  often  inflict  upon  the  general  nu- 
trition of  the  body  a  shock  so  severe,  that  it  is  more  or  less  serionslj 
affected  by  it  ever  after. 

II.  The  Phenomena  of  Coagulation. — We  have  already  describrf 
the  separation  of  the  blood  into  serum  and  crassamentum.  In  thia 
consists  the  phenomenon  of  coagulation.  In  a  few  minutes  »fter 
blood  has  been  allowed  to  rest  in  a  vessel,  its  surface  assumes  the 
appearance  of  a  jelly,  on  which,  after  a  little  more  time,  drops  of 
serum  appear  to  ooze  out  here  and  there ;  these  drops  multiply  m^ 
coalesce,  so  as  to  cover  the  jelly-like  surface  with  a  layer  of  serunii 

*  Valentin,  Physiol. 
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ncreascs  so  mach  in  quantity,  as  etsgnlation  advances,  that 
is  at  last  found  covered  and  more  or  less  completely  sur- 
l  by  serum. 

n'ossamentumy  or  clot^  is  a  solid  mass,  varying  much  in  con- 
:  sometimes  soft  and  tremulous,  like  jelly;  at  other  times 
d  toush  almost  as  leather.  If  a  section  of  it  be  made,  it 
found  in  most  instances  coloured  throughout,  but  always 
^eply  so  at  its  lower  half  or  third,  the^heavy  red  particles 
;ing  to  the  lowest  part ;  that  portion  which  is  exposed  to  the 
ing  always  a  sc/arlet  tint.  The  surface  of  the  clot  is  always 
concave ;  sometimes  it  is  remarkably  so,  and  exhibits  the 
>nce  of  a  hollow  cup,  and  on  these  occasions  the  upper  layers 
clot  generally  consist  of  fibrine  only,  which  is  of  a  whitish 
}r  bc&  colour,  with  an  intermixture  of  colourless  corpuscles 
ed  in  its  meshes.  Hence  blood  which  presents  these  appear- 
I  said  to  be  '' cupped  and  buffed.''  The  phenomenon  is  due 
Qore  complete  subsidence  of  the  blood-particles  as  the  clot  is 
)rmed,  so  that  its  upper  layers  are  left  quite  free  from  colour- 
ter.  The  clot,  when  this  state  is  present,  is  generally  small, 
mi  well  contracted,  and  it  floats  in  a  large  quantity  of  serum, 
period  required  for  the  completion  of  coagulation  varies  very 
it  commences  in  about  two  minutes  after  the  blood  has  been 
d  in  a  vessel,  and  is  rarely  completed  for  half  an  hour  after- 
but  more  frequently  the  clot  is  not  perfectly  formed  in  less 
e  or  two  hours.  After  it  has  been  formed,  it  will  continue  to 
t  for  many  hours,  and  to  press  out  the  serum,  which  will  thus 
B  in  quantity  while  the  bulk  of  the  clot  undergoes  diminution, 
[ulation  appears  to  take  place  more  rapidly  under  the  infiu- 
a  high  temperature,  114^  to  120^,  according  to  Hewson ;  it 
Favoured  by  spreading  out  the  blood  on  a  flat  surface;  and, 
certain  limits,  by  an  increase  in  the  fluid  parts  of  the  blood, 
he  other  hand  coagulation  is  retarded  by  the  addition  of  alka- 
1  some  of  their  salts,  as  sulphate  of  soda,  nitrate  of  soda,  car- 
of  soda,  chloride  of  sodium,  also  carbonate  of  potass,  nitrate 
AS,  and  nitrate  of  lime.  A  strong  solution  of  any  of  these 
dded  to  fresh-drawn  blood,  will  delay  or  stop  its  coagulation 
ng  to  the  strength  and  quantity  of  the  solution. 
Lors  a£Srm  that  the  blood  will  not  coagulate  in  the  bodies  of 
I  killed  by  blows  on  the  epigastrium,  or  after  having  been  long 
f  or  by  electricity  or  lightning.  It  will  not  coagulate  after 
ia  by  carbonic  acid,  as  in  the  following  cases,  recorded  by 
olliver:  A  man,  9etat.  thirty-five,  and  three  children,  were 
bed  in  a  burning  house,  their  bodies  being  untouched  by  the 
I  all  of  them  the  blood  was  fluid,  forty-eight  hours  after  death, 
beart  and  great  vessels,  and  did  not  coagulate  after  its  remo- 
of  the  body. 

coagulation  of  the  blood  appears  to  be  retarded  by  its  contact 
ing  surfaces.  Thackrah's  experiments  showed  that  blood  con- 
»etween  two  ligatures  in  living  vessels,  remained  fluid  for  a 
»rable  time,  from  five  to   sixty  minutes;  F.  Simon  affirms 
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that  it  will  retain  its  fluidity  for  three  honrs ;  and  experimenti  rf 
the  same  kind  by  Hewson,  lead  to  the  conclusion  that  the  coagolatin 
is  retarded  unaer  similar  circumstances.  Fluids  withdnirn  bm 
serous  cavities,  as  in  ascites  or  hydrocele,  often  exhibit  a  eoagiln 
of  considerable  sise,  which  does  not  form  till  some  minutes  after  Aa 
removal,  showing  that  the  fibrine  must  have  been  prevented  bm 
coagulating  so  lone  as  it  remained  in  the  living  cavity. 

The  addition  ofoile  retards  or  prevents  coagulation,  probably  Ij 
the  mechanical  obstacle  which  it  affords  to  the  cohesion  of  the  pl^ 
tides  of  fibrine.  According  to  John  Hunter,  the  addition  of  iHlh 
tion  of  opium  to  the  blood  retards  its  coagulation. 

It  is  needless  to  waste  time  in  inquiring  into  the  cause  of  eoigt- 
lation.  That  the  phenomenon  belongs  only  to  one  of  the  constitwife 
of  the  blood  is  proved,  unequivocally,  b^  the  fact  that  if  that  n- 
terial,  the  fibrine,  be  removed  by  whipping  blood  with  a  buck  it 
twigs,  as  it  flows  from  a  vein,  coagulation  will  not  take  place  mtk 
fluid  which  remains.  The  fibrine  has  accumulated  in  a  ooagiktri 
state  round  the  twigs,  and  the  fluid  received  into  the  vessel  coinli 
only  of  serum  and  red  particles.  The  coagulation  of  the  fibrine  it 
the  blood  is  one  of  those  ultimate  facts  in  pnysiology  which  we  aat 
be  content  to  observe  and  to  describe,  but  of  the  caoae  of  which  ft 
are  likely  to  remain  ignorant. 

The  buffing  and  cupping  of  the  blood  has  long  attracted  the  Mike 
of  observers,  and  is  regarded  by  many  practical  men  as  an  in&Blka 
of  a  state  of  inflammation  in  some  part  of  the  body  at  the  time  rf  | 
the  abstraction  of  the  blood.  The  immediate  cause  of  tlua  phoi* 
menon  is  explained  with  the  highest  probability,  as  follows,  by  Dr. 
Babington: — 

*'  The  blood,  consisting  of  liquor  sanrainis  and  insoluble  rri 
particles,  preserves  its  fluidity  long  enougn  to  permit  the  red  pV' 
tides,  which  are  of  greater  specific  gravity,  to  subside  through  it 
At  length,  the  liquor  sanguinis  separates  by  a  general  eo^^ili- 
tion  into  two  parts,  and  this  phenomenon  takes  place  unifbraij 
throughout  the  liquor.  That  part  of  it  through  which  the  red  jfu- 
tides  had  time  to  fall,  furnishes  a  pure  fibrine  or  buffed  crust,  viuk 
that  portion  into  which  the  red  particles  had  descended  fomidM 
the  coloured  clot."  The  following  experiment,  made  by  the  sani 
ingenious  observer,  illustrates  the  truth  of  the  explanation  ci^en  bj 
him.  ^^  Take  two  similar  tall  jars  or  phials,  each  capable  of  holding 
about  four  or  five  ounces,  and  let  one  of  them  be  half-filled  witk 
olive  oil;  draw  the  blood  of  a  healthy  subject  into  each.  That 
which  flows  through  the  oil  will  be  found  to  have  a  layer  of  liqw 
sanguinis  on  its  surface,  which  will  form  a  buffed  crust,  while  there 
will  be  none  upon  that  which  is  received  in  equal  quantity,  and 
in  other  respects  under  the  same  circumstances,  into  the  emptj 
jar.  * 

According  to  the  observations  of  Nasse,  and  of  Mr.  Wharton 
Jones,  the  red  particles  of  blood  which  is  disposed  to  become  hvSiA 

*  Mcd.-Chir.  Trans.,  and  Cyclop.  Anat.,  art  Blood 
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ihd  cupped,  exhibit  a  remarkable  tendency  to  cohere  in  the  form  of 
ffUs,  like  piles  of  coin,  and  this  probably  facilitates  their  precipita- 
ion  to  the  lowest  part  of  the  coagulating  mass. 

The  circumstances  which  favour  the  formation  of  the  buffy  coat 
Mj  be  any  or  all  of  the  following :  1.  Slowness  of  coagulation ; 
L  Increased  weight  of  red  corpuscles ;  3.  Diminished  specific  grav- 
^  of  serum,  which  obviously  would  have  a  corresponding  eflfect 
o  tlie  preceding ;  4.  A  great  diminution  in  the  proportionate  quan- 
i^  of  the  red  corpuscles,  or  an  increase  in  that  of  fibrine,  and  x>f 
moorless  corpuscles.  The  occurrence  of  the  cupped  and  buffed 
Aood,  after  great  hemorrhage,  or  in  cases  of  anaemia,  is  very  pro- 
labl^  in  a  ereat  degree  due  to  the  disproportion  between  the  red 
IVticles  and  the  fibrine. 

Although  the  phenomenon  of  cupping  and  buffing  frequently 
I0CW8  in  that  state  which  is  called  inflammatory,  it  is  not  so  exclu- 
ively  confined  to  it  as  to  justify  practitioners  in  regarding  it,  as  is 
^  often  done,  as  a  proof  of  the  existence  of  inflammation,  suffi- 
lient  of  itself  to  warrant  or  call  for  further  depletory  measures. 
.  HL  The  Physical  Analysis  of  the  Blood. — By  physical  analysis 
wt  find  in  the  blood  the  following  parts  ;  viz.  the  serum  ;  the  fibrine 
leld  in  solution  in  the  serum  prior  to  coagulation ;  the  red  cor- 
IVBcles  and  the  colourless  corpuscles,  both  of  which  float  in  the 
iqnor  sanguinis. 

The  %erum  is  a  straw-coloured  fluid,  of  sp.  gr.  1025  to  1030. — 
Vhen  heated  to  165^  it  becomes  nearly  solid,  proving  that  it  holds 
1^  aolution  a  very  large  quantity  of  albumen,  as  much  as  seven  or 
lilgjht  parts  per  cent.  In  twelve  ounces  of  serum  there  would,  there- 
bre,  be  nearly  one  ounce  of  albumen,  equal  to  the  white  of  one  egg. 
Shat  this  is  not  the  only  ingredient  which  we  find  dissolved  in  the 
lenim.  It  is  an  alkaline  fluid,  and  its  alkalinitv  is  chiefly  due  to 
h(b  presence  of  free  soda,  and  of  carbonate  of  soda.  Besides  these 
|.  oontains  chloride  of  sodium,  phosphate  of  lime  and  of  magnesia, 
iind  probably  lactate  of  soda. 

..  The  serum  also  contains  a  small  quantity  of  fatty  matter  in  which 
pun  be  detected  the  crystallizable  as  well  as  the  oily  portion.  In 
tl>mlth|  the  proportion  of  this  does  not  exceed  half  a  part  in  1000 
piutSy  so  that  a  pint  of  serum  will  contain  about  five  grains  of  fatty 
potter ;  but  in  some  cases  it  exists  in  so  large  a  proportion  as  to 

Eder  the  serum  milky.  This  occurs  not  only  in  certain  forms  of 
Mtfe,  but  likewise,  according  to  Drs.  Buchanan  and  R.  D.  Thom- 
HKBy*  very  shortly  after  the  ingestion  of  food  of  an  oily  or  amylace- 
jjpB  nature. 

.  Whatever  other  elements  may  exist  in  the  blood,  as  serving  to 
Innish  materials  for  the  various  secretions,  are  held  in  suspension 
9r  aolution  by  the  water  of  the  serum.  Thus,  urea  is  sometimes 
bsnd  in  it,  and  the  recent  observation  of  Bernard,  referred  to  at  p. 
B04y  shows  that  it  constantly  contains  sugar ;  when  the  liver  acts 
inperfectly,  some  of  the  elements  of  bile  are  found  in  it. 

*  Med.  Gax.  yoL  xxxvi.  p.  972. 
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It  is  as  yet  uncertain  'whether  the  existence  of  even  minute  quanti- 
ties of  some  of  these  substances  in  the  blood,  such  as  urea  and  tk 
biliary  matters,  is  consistent  with  health.  It  is  not  improbable  tbt 
they  may  be  constantly  being  developed  b^  the  chemical  ehaogH 
which  are  unceasingly  going  on  in  that  fluid,  but  that  they  bec<w 
attracted  from  it  as  quickly  as  they  are  formed  in  it,  and  do  not 
accumulate  in  it  in  any  quantity  which  admits  of  being  easily  de- 
tected. According  to  Dr.  Thomson,  sugar  may  be  always  eiailj 
detected  in  the  blood,  shortly  after  a  meal  containing  starch.* 

The  Fibrine. — We  have  already  explained  the  manner  in  vbidi 
fibrine  may  be  obtained  from  the  blood.  One  thousand  parts  of 
healthy  blood  contain  two  or  three  of  fibrine.  'A  pint  of  blood  wil 
therefore  yield  about  twenty- nine  grains  of  fibrine,  adopting  the 
highest  estimate. 

rurc  fibrine,  or,  to  speak  more  exactly,  fibrine  separated  froaAi 
red  corpuscles,  for  it  cannot  be  completely  separated  from  di 
colourless  corpuscles,  has  a  remarkable  tendency  to  assume  Ai 
fibrous  form.  A  drop  of  the  colourless  liquor  sangtdnis,  which  ■ 
found  on  the  surface  of  blood,  about  to  form  a  bnfiy  coat,  exhibili^ 
when  coagulated,  an  intricate  interlacement  of  minute  fibni.— 
Here  and  there  a  colorless  cell  is  entangled  in  it,  appearing « ft 
centre,  whence  pass  numerous  radiations  of  minute  fibres,  ft.  W. 
Addison,  who  believes  that  the  fibrine  is  contained  within  theeblov- 
less  corpuscles,  considers  the  bursting  of  a  larse  number  of  tkei^ 
and  the  consequent  liberation  of  their  inclosed  fibrine,  asthefint 
step  in  the  process  of  coagulation,  which  explains  the  entanglemenl 
of  them  in  the  fibrillating  fibrine.  The  process  may  be  best  Neii 
as  this  excellent  observer  recommends,  by  examining  a  drop  of  tk 
colourless  liquor  sanguinis  from  blood,  about  to  form  a  huffy  mt» 
and  allowed  to  coagulate  upon  a  slip  of  glass.f 

The  Red  Corpuscles. — It  is  to  the  multitude  of  coloured  partichi 
which  float  in  the  liquor  sanguinis,  under  the  name  of  "  the  ifd 
corpuscles,''  that  the  blood  owes  its  colour.  To  examine  tbeie^ ft 
is  only  necessary  to  place  a  drop  of  blood  in  the  field  of  the  micnh 
scope,  taking  care  to  dilute  it  with  a  fluid,  similar  or  nearly  60  ia 
specific  gravity  to  the  scrum ;  a  solution  of  sugar  or  of  salt  in 
water,  answers  this  purpose  completely.  So  numerous  and  so  crowd- 
ed together  are  the  corpuscles  in  a  drop  of  blood,  that  it  would  be 
difficult  to  obtain  a  complete  view  of  any  one  of  them  without  this 
precaution.  -' 

In  the  human  blood,  the  coloured  corpuscle  is  a  circular  double 
concave  lens ;  from  being  concave  on  each  surface,  its  margin  i§ 
thick  and  rounded,  and  its  thickness  is  less  in  its  centre  than  it 
any  other  part  (Fig.  173).  Its  size  varies  considerably;  in  the 
same  drop  of  blood  there  are  corpuscles  of  all  sizes  within  a  range 
of  from  7i)\j7j  to  .2s^no  ^^  ^^  ^'^^^^  ^^  diameter,  the  average  being 
from  the  js'^^j^  to  ^.^'ofl*  ^Vith  a  good  microscope,  and  a  mapnifying 
power  of  "200  diameters,  the  characters  of  the  blood-corpuscles  may 
be  most  clearly  seen,  and  when  the  instrument  is  perfectly  adjusted, 

*  Loc,  cit.  -f  Dr.  W.  A'ldison's  seconil  scries  of  Exp.  Researches,  1843. 
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9  double  concaye  surface  may  be  unequivocally  demonstrated.  If 
i  corpuscles  are  floated  in  water,  they  become  biconvex ;  if  in  a 
id  denser  than  serum,  as  in  a  strong  saline  or  saccharine  solution, 
vj  shrink,  put  on  a  shrivelled  aspect,  and  become  granulated  on 


Fig.  174. 
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cwtfUtlat  from  hmnan  blood,  a,  Tlewed  Red  oonniflclM  of  the  ox,  magnifled  400  dUiiM- 

I  smhoe.     c  Viewed  in  profile.     6.  An  Um.    A.  In  their  natural  state,    a.  Profile  yUm. 

ot  the  oocpaadea  in  a  rollw— Magni-  b.  Viewed  on  the  forlkoe.    e.  A  coriniaQle  altend 

Mten.  in  shape,  b.  Oorpoades  altered  hj  a  maiistniBm  of 

highdemri^. 

BIT  surface  (Fig.  174,  b)  ;  this  shrivelled  appearance  may  again  be 
fe  rid  of  by  diluting  the  menstruum  and  reducing  its  specific 
arity  to  the  lowest  point. 

It  has  been  affirmed,  by  Mulder  and  others,  that  the  blood-cor- 
■cles  of  venous  blood  are  biconvex — those  of  arterial  being  bicon- 
re— and  they  attribute  the  difierence  of  colour  of  these  two  kinds 
blood  to  the  difierent  mode  in  which  the  light  is  reflected  from 
>  concave  and  the  convex  surfaces  of  their  respective  corpuscles. 
ilk  reference  to  this  doctrine,  we  have  only  to  state  that  we  have 
refiilly  examined  two  portions  of  the  same  blood  after  they  had 
n  agitated  in  oxygen  and  carbonic  acid  gas,  and  thus  been  ren- 
red  respectively  scarlet  and  purple,  but  that  we  have  failed  to 
beet  any  well-marked  difierence  in  shape  between  the  blood- 

Eflcles  of  the  two  specimens, 
e  blood-particles  have  a  remarkable  tendency  to  aggregate  in 
Is  like  pieces  of  coin  (Fig.  173,  b):  this  tendency,  as  has  been 
Wkdy  remarked,  is  said  by  some  to  be  greatly  increased  in  blood 
lidi  forms  a  buffy  coat  in  its  coagulation. 

tkb  red  blood-corposcle  of  Mammals  resembles  in  shape  and  stmctnre  tliat  of 
a  (Kg.  174) :  there  is  much  diversitj  of  size  in  the  Tarious  orders ;  it  is  smallest 
flw  mminants,  and  the  smallest  known  is  that  of  the  Napa  mask-deer,  which  is 
•rted  bj  Mr.  Golliyer  not  to  exceed  1-12,000  of  an  inch  in  diameter.  The  oorposdes 
tte  goat  are  yery  small,  1-6300 — 1-7045  of  an  inch  in  diameter.  The  lai^st  cor- 
nIm  in  Bfammalia  are  found  in  the  elephant ;  they  measure,  according  to  Gulliyer, 
746  of  an  inoh  in  diameter.  The  Camelidss  offer  a  remarkable  exception  to  the 
niar  form  of  the  blood-corpuscle  of  Manmialia.  In  these  animals  it  is  oyal,  as 
t  pointed  out  by  Mr.  Gulliyer,  with  a  long  diameter  of  from  1-3100  to  1-3550  of 
faMh,  and  a  short  diameter  of  1-5800  to  1-6444 ;  in  aU  other  respects,  howeyer,  these 
pwdes  agree  with  those  of  other  mammals. 

m  Birds,  the  corpuscles  are  oyal  in  shape ;  they  haye  a  yery  distinct  nueleos, 
Uk  is  much  smaller  than  the  corpuscle  itself.  The  long  diameter  of  the  blood-oor- 
wle  of  Birds  ranges  between  1-1500  and  1-2000  of  an  inch,  and  the  short  diameter 
■  1-8000  to  1-4000  of  an  inch.     (Figs.  175,  181,  188.) 

B  Reptiles,  the  red  corpuscles  are  of  an  oyal  shape,  with  a  distinct  and  large 
ileiis  (Fig.  176).     The  long  diameter  of  the  corpuscle  has  a  range  of  from  1-420  to 
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1-1400  of  an  inch,  the  abort  lUameter  Tangiofc  between  l-7fl0  to  1-2GO0  of  u  ivL- 
Among  thcM  Rre  to  be  found  the  largeBt  known  blood-corpQidei,  u  tboie  of  tbt  |n- 
tens  and  of  the  ayteu.  , 


In  Fishes,  the  red  corpuscle  is  oTil  in  Riort  of  the  fcencni,  and  peiuewe*  a  jiilacl 
nucleus  (Fig.  177,  i).  In  tbe  loweat  eHrtilagitioiis  (isb^s,  aa  the  lanpnr  aid  it 
mTxine,  however,  it  return*  to  the  circular  and  biconcave  form  of  tbe  Mammiliuiel 
corpuseie  (Fig.  177,  o).  This  remarkable  fiict  was  fimt  puiuteil  ont  bj  VniattiX. 
Wagner.  Mr.  Wharton  Jones  hns  shown  thnt  it  contains  a  nncleos,  which  caiaMh 
detected  in  the  red  corpuscles  of  Mammalia. 

Fig.  177.  Fig.  17B. 


e 


PUfflM  of  tha  nab.     i.  Onaali  (lii  >. 
I'lbL— After  Wharton  Jdbh. 

In  the  Invertebrate  clnsws,  corpuwlcs  exist  which  are  in  close  analngj  with  Am 
of  the  A'crtcbratn.  but  differ  from  Ibcm  in  severnt  parliculura  (Fig.  ]7t*J.  Th»i  « 
nuclpnieil  cells,  t^nmc  of  wliicli  cniitaiii  within  tlipin  nuiiirrun!>  granules  wbirhowrt^ 
the  nncliius :  sntiic  nf  tlie^?  cnr|iusclc^  nrcnriliiifC  to  >lr.  Whnrlim  j[<n>>i-.  are.  of* 
Uieir  1ir^t  rcniuval  from  the  IhiU;.  uf  nn  elciniraleil  oval  furin.  an<l  iiihtr:'  txoSx- 
shapnl.  Tlieir  fiiiw  duoH  nut  cxcved  I-'JUIMl  of  an  inch  in  their  Inn;:  •linuci'r. at 
l-StMHl  in  tliu  chiirL  In  ma^t  of  the  clashes  the  pnnirlcs  iln  nut  eiliihil  aaj  tsiEca- 
tion»  of  Cdliiur,  althoujih  Ihcj  eiinlain  some  of  the  ingredients  uf  bematiH:  >a  * 
few,  however,  sliglit  traces  of  oiluur  arc  presenl.* 

Of  the  Strwetim:  of  the  Hed  Oorpuarh:—T\\c  structure  of  ibe 
red  corpuscle  of  most  of  the  Vcrtebnita  may  be  readilj  demon- 
stratod  in  the  blood  of  Rcptilia — that  of  the  fVog,  for  instaoee.— 
It  h  distinctly  a  nucleated  cell — consisting  of  a  delicate  coll  meo- 
brane,  witliln  ivliieh  is  a  granular  nuclfus,  wliicb  may  berendeffJ 
more  distinctly  frrnnubir  by  acetic  acid  (Fig.  370,  b).  The  nuoleu* 
in  globular  and  much  smaller  than  tlic  cell,  and  the  interval  tit'CVKG 

*  Mr.  Wlinrlon  .louct's  pupErs  in  the  J'liil.  Trin:  for  1840,  "  Oi  tin'  liWi-P^' 
luijii'le  i'i>n>iiilore<l  in  iu  cliffiTtnt  |iliii.spa  of  ilevi'loiiciient  iu  the  unimal  ["erip-."  <>*■ 
lain  in  Hpcnunt  of  a  eiireful  exiiniin;iliiin  uf  (liese  |i:iHiclei<,  ami  niav  be  ref.TrJl* 
with  advnntnge  by  all  whu  arc  ciigngcit  iu  the  t-tu^y  uf  this  niii:it  iniciVBiiug  wtjift 
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He  inner  surface  of  the  latter  and  the  outer  surface  of  the  former 
il  filled  by  fluid  which  holds  the  colouring  matter  in  solution.  Cor- 
puscles of  this  kind  floated  in  pure  water  become  distended  by  the 
Bndosmosis  of  it,  burst,  and  give  exit  to  their  nuclei,  while  the 
ihreds  of  the  cell- membrane  are  scattered  in  the  fluid. 

'  It  cannot  be  shown  satisfactorily  that  the  biconcave  circular  cor- 
ppsde  of  human  blood  and  of  that  of  mammalia  is  of  the  same 
Mraotore  as  this,  because  it  cannot  be  demonstrated  to  consist  of 
MA  and  nucleus.  If  it  be  as  the  blood-corpuscles  of  birds,  reptiles, 
ttid  fishes  undoubtedly  are,  a  nucleated  cell,  the  obscurity  of  its 
meleus  is  probably  due  to  one  of  two  causes ;  either  it  is  so  large 
M  accurately  to  fill  the  cell,  leaving  no  space  between  the  outer 
mface  of  the  one  and  the  inner  surface  of  the  other,  or  it  is  so  ex- 
tvemely  minute  as  completely  to  elude  our  means  of  observation. 

-  Mr.  Wharton  Jones  supposes  that  the  mammalian  red  corpuscle 
Il  a  nucleus,  the  cell  of  which  had  existed  only  in  the  earlier  stages 
if  development.  Eolliker,  on  the  other  hand,  affirms  that  the  nn- 
doiiB  disappears  while  the  cell-wall  is  persistent.  All  that  micro- 
leopic  examination  with  the  highest  powers  and  the  best  instruments 
Atows  respecting  the  structure  of  this  corpuscle  is  that  it  consists  of 
R  delicate  membrane,  inclosing  a  semifluid  material,  impregnated 
irhh  the  proper  colouring  matter  of  the  blood ;  and  that  this  struc- 
tare  may  truly  be  assigned  to  it  is  amply  proved  by  the  change  of 
form  which  it  undergoes  by  the  endosmosis  of  pure  water,  which 
will  cause  it  to  burst  and  evacuate  its  contents,  consisting  of 
Roihing  more  than  some  minute  granules,  none  of  which  can  be 
oompared  to  a  nucleus.  So  far  as  microscopic  analysis  would 
snable  us  to  decide  this  question,  we  should  be  disposed  to  declare 
in  favor  of  Mr.  Jones's  view  ;  but  it  seems  greatly  opposed  by  two 
bkCts ;  first,  that  in  the  corpuscle  of  the  lower  vertebrata,  the 
Ddoaring  matter  is  contained  between  the  nucleus  and  the  cell-wall, 
irliereas  in  the  mammalian  corpuscle  it  would  be  contained  in  the 
Rttdeus  ;  and,  secondly,  that  this  peculiarity  of  structure  is  limited 
to  one  class  of  vertebrate  animals.  It  receives  support,  however, 
from  observing  the  several  steps  of  the  development,  for  the  cor- 
pMcIe  exhibits  a  stage  in  which  a  nucleus  is  visible  (the  stage  of 
etribiired  nucleated  cell,)  (Fig.  179,  (2,)  and  this  nucleus,  in  the  very 
large  corpuscle  of  the  elephant,  and  likewise  in  the  very  small  cor- 
poBcle  of  the  goat,  exhibits  a  strict  correspondence  in  size  with  the 
Mrfectly  formed  blood-corpuscle.  But  here,  again,  we  notice  the 
nEculty  above  referred  to,  that  in  this  stage  of  nucleated  cell,  the 
Dolonr  is  found  between  the  cell  and  the  nucleus.  It  seems  to  us 
duit  further  research  is  required,  in  order  to  determine  the  exact 
homology  of  the  mammalian  red  corpuscle. 

The  Colourless  Corpuscles. — These  particles  are  found  in  all 
kinds  of  blood.  They  are  spherical  bodies,  destitute  of  colour ; 
dieir  structure  is  that  of  nucleated  cells,  the  cell-membrane  being 
SXtremely  delicate;  both  the  cell-membrane  and  the  nucleus  and 
Dncleolus  are  rendered  distinct  by  the  action  of  dilute  acetic  acid, 
vrbich  dissolves  some  granules  which  are  contained  in  the  cell. — 
These   granules  are   external  to   the  nucleus.      When  the^  ^x^ 
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Fig.  179. 


PhsMi  of  the  human  blood-cor- 

rMle  (after  Wharton  Jodm).  a  and 
GranuIe-oeUB  in  the  coamclT  and 
ttnalj  granalar  state,  e  and  a.  Na- 
eleated  cellji.  c  withoat  crdoor,  d  with 
edoar.  e.  Free  oellaefbrm  nodeuii  or 
ptrfeet  red  oorpnacle. 


numerous  and  large  the  nucleus  is  concealed  by  them.    Corpnkki 
of  this  kind,  denominated  granule-cells  by  Mr.  W.  Jones  (Fig.  W, 

a,  i),  are  viewed  by  him  as  constitiitiig 
an  earlier  stage  than  those  in  which  ikt 
nucleus  and  nucleolus  are  distinct,  vUek 
he  calls  nucleated  cells  (Fig.  179,  e,^ 
In  size,  the  colourless  corpuscles  sli^idj 
surpass  the  red  corpuscles  in  msmiBifai 
but  not  in  the  other  vertebrata.  T^ 
are  essentially  the  same  as  the  nndeaud 
particles  found  in  lymph  and  in  chjle^- 
In  examining  the  capillary  circulatioaii 
the  transparent  parts  of  some  animilii, 
as  the  web  of  the  frog's  foot,  they  wkj 
be  seen  sparingly  at  me  margin  of  ^ 
current  of  red  corpuscles,  either  stadoi- 
ary  and  adherent  to  the  wall  of  the  blood- 
vessels, or  slowly  moving  forward  in  ^ 
layer  of  liquor  sanguinis  which  is  in  €» 
tact  with  the  wall,  and  which  is  thus  shown  to  be  compandnlf 
motionless. 

The  colourless  corpuscles  are  much  fewer  in  number  thaaAi 
coloured  ;  it  is  said  that  they  exist  in  the  proportion  of  one  cokv- 
less  to  fifty  coloured,  but  that  in  inflammatory  states  of  the  Uood, 
the  former  are  much  more  numerous,  being  as  one  in  twelve.  After 
great  loss  of  blood,  the  proportion  of  the  colourless  corpusdeiii 
considerably  increased. 

A  very  important  inquiry  is  to  determine — 1.  The   histologicil 

relation  of  these  particles  to 
each  other;  and,  2.  The  put 
which  they  take  rcspectivelj 
in  the  vital  phenomena  of  the 
blood. 

With  regard  to  the  firs: 
point,  physiologists  are  divid- 
ed in  opinion  as  to  vLether 
they  may  be  regarded  as  dis- 
tinct and  indepenJeni  par- 
ticles, performing  each  their 
special  functions,  or  whether 
the  one,  namely,  the  culour- 
less  corpuscle,  may  be  viewed 
as  an  early  or  embryo  condi- 
tion of  the  red  corpui^cle. 

The  weight  of  argument 
seems  to  favour  the  coiicln- 
sion  that  the  colourless  cor- 
puscles arc  to  be  regarded  as 
an  early  stage  of  the  coloured 


Fig.  180. 
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Corpuwlw  fWini  the  l)lo<M]T«»tiR  of  the  cava  hopntira 
of  thi*  rinhryi*  chick  mi  tim  twiMitioth  tiny  of  iiiculitition. 
A.  K<h1  hUMxlHiiriiujw'Icy  altcrcil  I'V  wntor.  B.  HIi"»«nNvir- 
puficli>}<  cohcn-nl  and  inrMjiniHl  in  ^h«iM*  l>y  <*i»h«i?inn.  <•. 
a.  fjirp'  Ri»hi'rical  ccIIm  coiitiiiniiiir  hlfrhly  refrRctiiiir 
granules  (fatty),  h.  Tho  siinio  n»pro>t'iit<«ii'oiily  in  out^ 
line.  t*>  fh«»w  thi'ir  phapc.  r.  Fully  formed  rod'  corpu.-i- 
cleN. — Magnified  JUU  diumulurtt. 
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gMrpuscles,  which  are  in  the  adult  or  perfect  state.  In  the  earliest 
^^•nods  of  foetal  life,  the  blood-corpuscles,  as  is  shown  by  the  re- 
urches  of  Vogt,  Kolliker,  and  Cramer,  originate,  in  the  same  way 
the  elements  of  the  tissues,  from  nucleated  cells,  which  are  the 
in  point  of  constitution  as  the  colourless  corpuscles ;  with  this 
4iseeption,  that  they  contain  between  the  nucleus  and  the  cell  a  con- 
iJAerable  number  of  granules,  which  are  largest  at  the  e«krliest 
^i^ods  of  embryonic  life.  At  later  periods  similar  nucleated  cells 
ipna  generated  in  the  liver,  as  first 
ipwited  out  by  Weber,  and  in  the  ^^g*  ^^« 

jMsenteric  and  lymphatic   glands,  ^^  i 

fmA  from  these  sources  supplied  to       v_^  J\k 

IhB  blood.     In  this  fluid  they  un-       ^W%J^V     %w     ^ 
40rgo  a  transformation  into  the  com-  c.P^^^M    §    ^\  ^. 

ykCely  formed  blood-corpuscles,  by  /^W  JL*  ^':.1?^' 

^JK^  removal  of  the  granules,  the  iur        ^/  %    ^  y  *^'%— 
^teased  development  of  the  nucleus,  (  ^ 

Wd  the    generation  ^  of   colouring      o«nni«,  granuie^^ii..  and  «d  biood-««. 

mUter.  excepting  m  the   mammifer-  piuclM  from  the  embrjo  chick  at  the  twea- 

'  11  ij.*^  ^c^b  ^*J   ^^  Incabation.     a  a.    Oraoulee, 

MB        corpuscle,        WllOSe        ultimate  some  being  mTelopedbjatUntoeU-waU, and 

^alkA«k<.»  «A^««(i  ***  AA»«a:«4-  :•«    4-1%^  #ky^.«M  jrranule-cell«  with  ooarra  granule*.    b6.  Bed 

fliange  seems  to  consist  m  the  com-  blood<orpa*dei.-Magnifl£l  aoo  dlameten. 

]pl0te  absorption  of  the  nucleus,  ac- 

fDordingto  Kolliker,  or  the  removal  of  the  wall  of  the  cell,  accord- 

ipff  to  Wharton  Jones. 

Xl^ow,  as  there  can  be  no  doubt  that,  in  the  adult,  the  lymphatic 
pod  chyliferous  systems  afford  a  source  for  the  constant  develop- 
sant  of  particles  identical  with  the  colourless  corpuscles,  and  as 
«iieh  corpuscles  are  always  found  in  considerable  proportion  in  the 
Uood  (being  more  numerous  under  circumstances  unfavourable  to 
aormal  changes,  as  in  inflammations),  it  seems  very  reasonable  to 
that  similar  transformations  of  colourless  into  coloured  par- 
Fig.  182.  Fig.  183. 


a.  Orannlee  of  which  the  cell-  Nucleated  cell  (a),  red  corpuKlM  (5),  and 

trail  ie  not  rlrible.    b.  Granule-  granuleti  from  the  chick  on  the  20th  day  of 

eelUi  and  red  corpuades. — Mag^  mcubation. — Magnified  200  diameters. 
Blfted  aOO  diameters. 

tides  are  going  on  in  the  adult  as  in  the  embryo,  and  that  the  lym- 
|diatio  and  lacteal  systems  must  be  at  least  one,  and  that  a  fertile 
•ource,  from  which  red  corpuscles  are  being  continually  supplied  to 
the  blood. 
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If,  however,  we  reject  this  view  of  the  relation  of  the  colourless 
to  the  coloured  corpuscles,  then  we  must  regard  them  as  independ- 
ent particles,  each  having  its  special  function ;  and  it  devolves  upoo 
the  advocates  of  this  view  to  suggest  the  office,  and  to  explain  the 
mode  of  origin  and  decay  of  each. 

Function  of  the  Red  CorpuBcleB, — It  is  clear  that  the  red  cw^ 
pusclcs  must  perform  some  very  important  office  in  the  life  of  tke 
hlood,  because  of  their  great  numbers,  their  constancy,  and  tb 
serious  consequences  to  the  general  nutrition  and  the  vital  actiou 
of  the  body,  which  ensue  upon  any  considerable  diminution  in  the 
quantity  of  them.  But  we  have  no  definite  knowledge  on  this  sub- 
ject, and  all  that  can  be  suggested  is,  as  yet,  of  a  speculative  and 
hy])othetical  nature. 

Liebig  adopted  the  highly  ingenious  notion  that  the  red  cor- 
puscles are  carriers  of  oxygen,  and  that  by  their  colourinji^  mfttttr 
they  are  peculiarly  adapted  for  attracting  that  principle.  Tie 
property  of  attracting  oxygen  is  due  to  the  iron,  which  forms  ax 
per  cent,  of  the  hematine  contained  in  the  red  corpuscle.  Invenou 
blood,  according  to  Liebig,  the  iron  is  in  the  state  of  carhonatt  rf 
the  protoxide  of  iron ;  this,  as  the  blood  passes  through  the  » 
pillarics  of  the  lungs,  or  becomes  otherwise  exposed  to  the  action  of 
the  air,  is  by  the  absorption  of  oxygen  converted  into  ttie  htfdr«Ud 
peroxide  of  iron,  the  state  in  which  that  metal  exists  in  arterial 
blood.  And  at  the  same  time  it  gives  oflF  "  for  every  volume  of 
oxygen  necessary  for  the  change  from  protoxide  to  peroxide,  fonr 
volumes  of  carbonic  acid."  As  the  arterial  blood  passes  through 
the  csipillaries  of  the  system,  the  peroxide  of  iron  yields  oxygen  to 
certain  constituents  of  the  body,  which  is  employed  in  producing 
the  change  of  matter,  and  in  oxidizing  newly-formed  substances  in 
the  blood,  while  in  their  return  towards  the  heart,  the  red  panicles 
which  had  lost  their  oxygen  "  combine  with  carbonic  acid,  producing 
venous  blood ;  and  when  thev  reach  the  lun^s  an  exchange  takes 
place  between  this  carbonic  acid  and  the  oxygen  of  the  atmosphere. 

This  doctrine  of  liiobig  assigns  the  use  of  the  coluurin;z  matte:. 
or  of  tlic  contents  of  the  blood-corpuscle,  rather  than  of  the  cor- 
puscle itself;  it  is,  indeed,  liiglily  reasoniiblo  to  suppose  that  the 
hematine  has  an  inip(n'tant  connection  with  the  attraction  ^'1 
oxygen  into  tlic  system,  or  to  speak  more  generally,  with  the 
changes  which  take  ])l:ieo  in  the  l^lood  in  respiration.  The  aiffcr- 
enee  of  colour,  being  the  prominent  feature  of  tlistinclion  betwto!: 
arterial  and  venous  l>loo<l,  is  stronj^lv  indicative  of  this  ;  andalsutlo 
fact  now  demonstrated  hy  -Nlr.  Wharton  Jones,  that  the  bl«>»'l  v*. 
the  invertebrata  contains  a  certain  degree  of  colour,  or  at  aiiv  rati. 
even  wliere  no  colour  can  1)0  distintruished,  accordinir  to  PrutVyf-'r 
Graham's  analysis,  *'a  sensible  quantity  of  iron,  perhaps  as  mnd 
as  red  corpuscles." 

Liebig,  however,  docs  not  explain  why  the  hematine  is  invarialij' 
contained  in  a  multitude  of  nucleated  cells.  The  consi'leratij^a  "I 
this  ])oint  seems  to  us  to  afford  the  clue  to  determine  the  real  fuac- 
tion  of  the  red  particles. 
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The  true  office  of  the  red  blood-corpuscles  would,  probably,  be 
most  correctly  described  as  that  of  forming  or  secreting  the  hema- 
ime,  which  in  the  greatest  part  of  the  animal  kingdom  is  coloured^ 
tat  which  even,  though  colourless^  appears  to  contain  iron.  These 
particles  are  floating  gland-cells,  as  Henle  suggested  some  years 
wo ;  they  are  in  all  essential  points  of  structure  like  the  secreting 
mk  of  true  glands,  and  there  is  no  reason  why,  free  and  floating 
fal  a  liquid  like  the  liquor  sanguinis,  they  may  not  exercise  upon 
Materials  dissolved  in  that  fluid  an  influence  analogous  to  that  ex- 
ateised  by  the  elementary  particles  of  the  liver,  or  the  kidney,  or 
the  pancreas  upon  the  blood.  The  matter  secreted  by  the  blood- 
aalls  is  the  hematine,  which  term  we  would  here  use  to  signify  not 
merely  the  colouring  matter,  but  the  entire  contents  of  the  blood- 
aorpnscle,  of  which  iron  is  an  important  if  not  an  essential  ingredi- 
aDt,  and  which  is  coloured  in  the  vertebrata  and  in  some  of  the 
iBTertebrata.  It  is  this  hematine  which  plays  an  important  part  in 
iSbB  attraction  of  oxygen,  and  which  by  its  colouring  matter  also 
awrcises  some  important  influence  on  the  whole  economy ;  for  there 
aaems  no  other  source  from  whence  can  be  derived  all  that  pigment 
wliich  is  diffused  throughout  various  textures,  such  as  muscle,  the 
Berrous  centres,  the  skin  and  its  appendages,  the  eye,  &c.,  but  that 
which  is  formed  in  such  great  quantity  in  the  blood. 

Office  of  the  Colourless  Corpuscles. — If  these  particles  do  not 
aonstitute  an  early  stage  of  development  of  the  coloured  corpuscles, 
k  18  clear  that  they  must  be  viewed  as  performing  some  special 
fanction  in  the  blood,  independently  of  the  latter.  R.  Wagner 
flawed  them  as  identical  with  chyle  and  lymph  corpuscles,  and 
aauuning  that  in  the  invertebrata  no  coloured  particles  existed, 
ka  regarded  the  blood  in  such  animals  as  identical  with  chyle  or 
Iwiiiph  ;  as,  in  fact,  the  latter  fluid  not  yet  elaborated  into  blood. — 
iB  the  blood  of  vertebrata,  therefore,  he  would  view  these  particles 
aa  chyle  or  lymph  globules  not  yet  transformed  into  blood  particles. 

But  Dr.  Carpenter  has  put  forward  a  more  elaborate  hypothesis 
raapecting  the  office  of  the  white  corpuscles.  This  able  physiolo- 
nst  regards  these  particles  as  the  agents  in  the  development  of 
nhrine  m  the  blood,  or  in  the  conversion  of  albumen  or  other  ma- 
tarials  of  that  fluid  into  that  '^  plastic  "  compound.  This  substance 
aartainly  first  appears  in  the  chyle  and  lymph,  where  these  particles 
are  found  in  great  numbers  floating  in  an  albuminous  fluid.  Nor 
does  it  appear  in  the  chyle  until  after  that  fluid  has  passed  through 
the  mesenteric  glands,  which  furnish  these  particles  in  large  num- 
bers. 

Dr.  Carpenter  regards  the  appearance  of  these  colourless  cor- 
pascles  or  cells  in  the  blood  as  a  phenomenon  in  close  analogy  with 
Ae  development  of  cells  in  the  albumen  of  the  seed  in  the  vegetable 
kingdom,  and  in  the  yolk  of  the  eggs  of  oviparous  animals ;  and  he 
aapposes  that  the  office  of  these  cells  is  to  convert  crude  alimentary 
materials  into  proximate  principles,  which  again,  through  the  agency 
of  cells,  may  be  converted  into,  or  may  afl'ord  the  materials  for  the 
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peculiar  componnds  'which  form  the  characteristic  ingredients  of  Ac 
secretions,  or  may  pass  into  organized  tissue.* 

Of  tlie  Development  and  Decay  of  the  Blood' Corpu9ek9.^h 
seems  to  us  that  the  view  which  Mr.  Wharton  Jones  takes  ittsfKA' 
ing  the  development  of  the  blood-corpuscles,  already  described  ift 
pp.  637,  638,  affords  the  most  simple  and  correct  explanation  of  lb 
origin  and  development  of  these  particles.  According  to  it,tliB 
lacteal  and  lymphatic  systems  may  be  regarded  as  the  somi 
whence  fresh  supplies  of  blood-corpuscles  are  being  continnanyfiP" 
nishcd  to  the  blood  at  all  periods  of  life.  In  the  early  embryo,  u 
well  as  in  the  adult,  the  process  of  the  formation  of  the  blood-cM^ 
puscle  would  be  the  same  ;  that  is,  the  development  of  a  nndeilrf 
cell,  which  undergoes  transformation  into  the  coloured  particle;  tk 
steps  of  the  process  being  successively  granule  cell,  nueUaUi  04 
and  coloured  particle  (Fig.  179).  This  view  would  lead  us  tortnil 
the  system  of  lymphatic  and  mesenteric  glands  as  the  seat  of  a 
unceasing  generation  of  new  particles,  which  undergo  their  lalv 
stages  of  transformation  in  the  blood.  And  it  is  well  worthy  tti 
attention  of  pathologists,  as  affording  an  explanation  of  the  gnit 
influence  which- (as  we  learn  from  experience)  this  extensive  syitM 
of  glandular  bodies  exercises  upon  general  nutrition. 

Prior  to  the  formation  of  this  glandular  system  and  the  devriif- 
ment  of  the  lymph  and  chyle  corpuscles,  the  blood-partidei  an 
derived  as  nucleated  cells  from  the  cells  of  the  germinal  membnM^ 
but  they  undergo  essentially  the  same  changes  as  in  the  more  li- 
vanccd  periods  of  life.  In  mammalian  embrvos  they  are  descnbei 
'^  as  of  large  size,  spherical  or  oval,  pellucid  and  colourless,  u- 
cleatcd,  and  full  of  minute  granules."  Mr.  Paget,  whose  descriptiea 
we  follow,  confirms  the  observation  made  by  KoUiker,  Fahmer,  and 
others,  of  the  occasional  occurrence  of  '^  a  process  of  multiplicttioi 
by  bi-partition  of  the  nucleus,  each  of  which,  either  by  app^opTia^ 
ing  half  the  cell,  or  by  developing  a  cell  around  itself,  becomes  tk 
central  nucleus  of  a  new  cell,  differing  from  the  parent  cell  firoa 
wliich  it  escapes  in  little  except  in  being  smaller  and  more  gcnff- 
ally  circular.*'t 

Of  the  manner  in  which  the  blood-corpuscles  decay  we  really 
know  nothing — no  more  than  of  the  mode  of  decay  of  the  elements 
of  the  tissues.  The  notion  held  for  a  time,  by  some  physiologisti, 
that  the  existing  particles  gave  birth  to  new  ones  by  a  gommiparoM 
or  fissiparous  generation,  has  no  foundation  in  careful  observaiioa. 
And  it  is  most  probable  that,  as  Mr.  Paget  remarks,  "  new  corposclfs 
never  appear  to  be  produced  from  the  germs  of  old  ones ;  when  a 
corpuscle  is  past  its  perfection,  it  degenerates  and  probably  liquefies." 
"The  changes  of  such  degeneration,''  adds  this  excellent  observer, 
"  have  not  been  clearly  seen  in  mammalian  corpuscles  ;  but  they  are 

*  Dr.  Cnrponter's  remarks  on  this  subject  Reserve  tlio  nttentivo  pcni*iil  aniicoe- 
sidcratioii  ol'  physiologists. — Sec  rriucijth's  of  Human  ritysiuloji/y  ^  1j«-1-j',\  fyunl 
Am.  I'M. 

•  t  Kirkcs's  Ilnnclbook  of  Pliysiology,  Am.  Ed.  p.  03,  Fig,  12. 
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probably  nearly  similar  to  what  occur  in  those  of  fish  and  reptiles ; 
m  which  the  old  and  degenerate  corposcles  appear  perfectly  white 
md  pellucid  (not  shaded  or  granular,  like  the  lymph-corpuscles), 
mailer  than  they  were,  and  m  some  instances  cracked,  or  as  if 
voded.  The  nuclei  appear  to  degenerate  with  the  cells,  but  be-^ 
iMie  of  their  darker  and  harder  outlines,  remain  longer  distinct, 
md  often  look  like  free  nuclei,  unless  the  dim  cell-wall  round  them 
le  carefully  searched  for.     But  in  this  process,  no  germ  for  a  new 

Snscle  issues  from  the  transient  cell.  Every  new  corpuscle  forms 
f  in  and  from  the  materials  of  the  lymph  and  chyle,  and  is 
lerfected  in  the  blood,  and  the  blood  is  maintained  by  constant 
imetitions  of  this  process.'"*' 

^olliker  has  lately  put  forward  the  remarkable  opinion  that  the 
nleen  is  the  seat  of  a  process  of  destruction  or  dissolution  of  the 
iiOod*corpuscles.  We  shall  examine  this  view  farther  on,  when  we 
mne  to  describe  the  structure  of  the  spleen.f 

rV.  Hie  Chemical  Analysis  of  the  Blood. — The  blood  is  a  fluid 
if  the  greatest  complexity^  as  must  be  expected,  if  we  regard  it 
10  containing  the  material  for  the  nutrition  of  all  the  tissues,  as  well 

SI  for  all  the  secretions.  Thus,  in  addition  to  the  water  which  forms 
ur-fiflhs  of  it,  and  without  which  no  transfer  of  materials  could 
ake  place  from  it  to  other  parts,  it  contains  albumen  for  the  al- 
mminous  tissues ;  fibrine  for  the  fibrinous  ;  salts  which  are  found  in 
he  yarious  secretions ;  colouring  matter,  which,  more  or  less  modi- 
ied,  is  found  in  the  nervous  matter,  the  skin,  the  eye,  the  bile,  the 
nine,  the  cerumen ;  and  fatty  matters  identical  with  those  which 
ire  found  in  fat. 

The  researches  of  the  last  few  years,  in  which  Lecanu,  Andral 
Ad  Gavarret,  Rees,  Becqucrel  and  Rodier,  Christison,  Miller,  and 
ithers  have  taken  a  conspicuous  part,  have  determined,  with  a  very 
lear  agreement,  the  relative  proportions  in  which  the  various  stami- 
lalprinciples  exist  in  healthy  blood. 

Tlie  following  method  may  be  adopted  for  this  kind  of  quantita- 
ife  analysis.^  Let  the  blood  flow  at  four  different  periods  and  in 
qpal  quantities  into  two  vessels ;  the  first  and  (hird  into  the  first 
'euel;  the  second  and  fourth  into  the  second ;  the  weight  of  each 
iKmld  be  taken. 

From  one  portion  the  fibrine  may  be  separated  by  whipping,  or 
rr  shaking  up  the  blood  in  a  bottle  containing  small  pieces  of  lead  ; 
he  residue  will  consist  of  the  serum  and  red  particles.  The  weight 
t  this,  deducted  from  that  of  the  whole  portion  of  blood,  will  give 
he  weight  of  the  fibrine. 

The  second  portion  may  be  set  aside  to  coagulate  spontaneously ; 
rhen  this  process  is  completed,  the  crassamentum  must  be  taken  out, 
md,  after  the  serum  has  completely  drained  away  from  it,  it  should 
te  weighed.  The  weight  of  the  fibrine,  as  obtained  by  the  first  ex- 
leriment,  being  deducted  from  that  of  the  entire  clot,  will  give  that 

♦  Loc,  eit.  p.  67.  f  Art.  Spleen,  Cyclop.  Anat  and  Phys. 

%  For  ft  more  elaborate  and  exact  method  of  analysis,  see  Mr.  J.  £.  Bowman's 
<  Handbook  of  Medicftl  Chemistry,"  Am.  £d.  p.  160. 
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of  the  coloured  corpuscles.  The  amount  of  albumen  maybe  obtuse! 
by  precipitating  it  from  the  serum,  and  weighing  it  after  IBltratioB. 

The  general  results  of  this  method  of  analysis  may  be  thus  statel 
^  roughly.  In  one  hundred  parts  of  blood,  about  seventy-eight  ptm 
are  fluid  and  twenty-two  parts  solid  material ;  and  of  the  hit, 
the  albumen  constitutes  rather  less  than  seven  parts,  the  fibriv 
one-fourth  of  a  part,  and  the  red  particles  rather  more  than  fif- 
teen parts. 

The  following  table  gives  a  summary  of  the  analysis  of  the  Hood 
of  healthy  individuals  of  both  sexes,  by  Becquerel  and  Rodierjwh) 
are  among  the  most  recent  analysts. 

Composition  of  one  thousand  parts  of  blood  in  men^  deriredboi 
eleven  analyses.  jn 

Mean.  Maximum.  Xiotem 

Water            ....  779  7«0  WO 

Red  particles            .            .            .  141.1  152  1»1 

Albumen       ....  6^.4  73  fi2 

Fibriiie          ....  2.2  3.5  1.5 

Extractiyc  matters  and  Aree  salts      .  ti.8  8  5 

Fatty  matters           .            .            .  1.6  8.255  1 

Composition  of  one  thousand  parts  of  blood  in  women^  deriiri 
from  eight  analyses. 

Mean.  Maximum.  llhteiia 

Water            .            .            .            .  791.1  773  818 

Ked  particles            .            .            .  127.2  137.5  US 

Albumen       .            .            ,            .  70.5  75.5  65 

Fihrlnc           ....  2.2  2.5  1.8 

FiXtractive  matters  and  free  salts      .  7.4  8.5  ^.2 

Fatty  matters            .             .             .  1.C2  2,86  1 

Comjwsition  of  the  Red  Particles^  and  of  the  JTcmatine.^THnf 
large  proportion  which  the  coloured  particles  form  of  the  sollJsof  tltf 
blood,  entitles  them  to  the  most  attentive  consideration  of  physiolo- 
gists ;  they  arc  more  than  fifty  times  the  quantity  of  the  fibrine,  ni 
nearly  double  as  much  as  the  albumen. 

The  red  corpuscles  consist,  according  to  most  chemists,  of  tw) 
elementary  substances,  globulinc  and  hcmatine;  the  former  is  nearly 
allied  to  if  not  identical  with  albumen,  and  forms  the  solid  pari  vt 
the  blood-corpuscle,  its  cell-wall,  and  nucleus,  when  it  exists  ;tlic 
latter  is  the  colouring  material,  or  blood-pigment. 

The  following  process  is  recommended  by  Figuier  for  the  separa- 
tion of  the  hematinc  from  the  globuline. 

Defibrinatcd  blood  should  be  mixed  with  at  least  four  times  i:? 
bulk  of  a  saturated  solution  of  sulphate  of  soda  ;  the  mi.xture  mit: 
then  be  thrown  on  afilter;  the  fluid  and  some  corpuscles  pass  throuj!;. 
leaving  the  mass  of  coloured  particles  on  the  filter.  This  niu?' 
next  be  boiled  in  alcohol,  slightly  acidulated  with  sulphuric  aciJ: 
the  hematinc  will  be  thus  dissolvetl,  the  colourless  globuline,  ii 
combination  with  some  of  the  sulphuric  acid,  remaining  undi^ulve^^I- 

The  next  step  in  this  process  is,  to  add  to  the  hot  solution  f' 
hcmatine  enough  carbonate  of  ammonia  to  remove  the  sulphurt: 
acid ;  the  fluid  must  then  be  filtered,  to  remove  the  sulj^hate  of 
ammonia  thus  formed,  and  the  liquor  must  be  exposed  for  evapora- 
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vrhen,  by  this  means,  it  is  reduced  one-twelfth  of  its  bulk,  it 
I  found  to  deposit  hematine  as  a  dark  or  black  powder. 
9  hematine   is  insoluble   in  water,  alcohol,  or  ether,  unless 
with  some  alkali,  which  renders  it  readily  soluble;   when 
1,  it  yields  a  considerable  quantity  of  iron, 
ider's  ultimate  analysis  gives  the  following  as  its  composi- 


Carbon 

65.84 

Hydrogen 

5.87 

Nitrogen 

10.40 

Oxygen 

11.75 

Iron 

66.5 

ch  difference  of  opinion  exists  among  chemists  as  to  the  state 
dx  iron  exists  in  the  blood.  We  have  already  referred  to  the 
n  of  Liebig,  who  affirms  that  in  venous  blood  it  is  in  the 
)f  protoxide,  while  in  arterial  blood  it  is  in  that  of  peroxide; 
lat  the  change  of  colour,  from  the  dark  red  of  the  former  to 
ight  scarlet  of  the  latter,  is  due  to  the  conversion  of  the  pro- 
ot  iron  into  peroxide  by  the  absorption  of  fresh  oxygen  at 
Dgs.  Mulder  supposes  that  it  exists  in  the  metallic  state  as 
pie  ingredient,  as  essential  to  the  colour  as  its  oxygen,  its 
gen,  its  carbon,  or  its  nitrogen.  Scherer's  experience,  how- 
would  go  to  show  that  iron  is  not  essential  to  the  colour  of 
ood.  He  treated  the  red  particles  with  sulphuric  acid,  so  as  to 
e  their  iron,  and  found  that  their  colour  still  remained. — 
3  he  infers  that  iron  is  not  essential  to  the  colour. 
)  value  of  the  administration  of  iron  in  the  treatment  of  cases 
emia  after  loss  of  blood,  is  well  known  and  highly  appreciated 
ictitioners ;  it  remains  to  be  determined  in  what  way  it  con- 
es so  powerfully,  as  it  unquestionably  does,  to  the  restoration 
)  blood  to  its  normal  state.  The  fact  that  it  does  exercise  a 
lol  influence  evidently  indicates  its  importance  as  an  ingre- 
in  the  hematine.  And  it  may  be  remarked  that  iron,  even 
;  essential  to  its  colour^  may  nevertheless  be  an  essential  in- 
mt  of  a  normal  hematine. 

ference  of  Arterial  and  Venous  Blood. — The  prominent  differ- 
between  blood  drawn  from  the  arteries  and  that  from  the 
18  to  be  found  in  the  bright  scarlet  colour  of  the  former,  and 
ark  red,  almost  black,  of  the  latter.  To  which  may  be  added 
difference  of  temperature,  that  of  arterial  being  one  or  two 
es  higher  than  venous ;  perhaps  also  some  difference  as  to  den- 
Imt  upon  this  point  observers  are  very  far  from  being  agreed ; 
Iso  as  to  the  proportions  of  solid  constituents;  but  on  this  sub- 
ikewise,  the  reports  of  analyists  are  contradictory  and  highly 
iafactory. 

B  blood  of  the  vena  porta  is  said  by  F.  Simon  to  coagulate 
slowly  and  less  perfectly  than  ordinary  venous  blood ;  it  con- 
less  fibrine  and  much  more  fat. 

luence  of  Venesection  and  of  Disease  upon  the  Blood. — The 
nee  of  venesection  and  of  some  morbid  states  upon  the  rela- 
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tive  quantities  of  these  constituents  of  the  hlood  deserves  tobeicD 
impressed  upon  practitioners. 

Venesection,  or  the  loss  of  blood  by  any  means,  reduces  tk 
amount  of  the  red  particles  chiefly,  and  the  more  so  in  proportion  to 
its  frequency ;  the  serum  is  diminished  in  density,  and  the  qautitj 
of  the  albumen  and  the  fat  is  slightly  reduced ;  that  of  fibriuis 
not  affected,  nor  are  the  extractive  salts. 

The  following  cases  from  Dr.  Christison  illustrate  the  influence  rf 
venesection  upon  the  blood. 

The  first  is  that  of  a  middle-aged  woman,  who  had  been  pmi- 
ously  repeatedly  bled  for  palpitations  of  the  heart.  The  analysis  of 
her  blood  gave  the  following  result : — 

Fibrine  ...  2 

Solids  of  semrn  ...  76 

Red  particles  ...  57 

Water  ...  868 

In  the  second  case  there  had  been  frequent  bleedings  after  rhei- 
matism : — 

• 

Fibrine  ...  4 

Solids  of  semm  ...  03 

Red  particles  ...  67 

Water  ...  844 

This  latter  case  shows  how  impotent  is  venesection,  even  vIm 
carried  to  a  great  extent,  over  the  reduction  of  fibrine,  the  miteriil 
that  forms  those  new  deposits  of  organizable  matter  or  plutt 
lymph,  which  in  inflammations  of  internal  organs,  such  as  the  lungf 
and  heart,  so  much  interfere  with  their  normal  action. 

The  following  experiment,  also,  illustrates  the  effect  of  vene9€^ 
tion  upon  the  blood,  first,  when  the  animal  was  well  fed  at  the  tine 
when  the  bleedings  were  being  practised ;  and,  secondly,  when  it 
was  starved  between  the  operations. 

A  large  dog  was  fed  upon  two  pounds  of  meat,  and  a  quirt  rf 
milk  a  day,  and  six  ounces  of  blood  were  drawn  on  each  of  fov 
successive  days  from  his  jugular  vein.  The  blood  was  analpcdby 
our  friend,  Mr.  Lionel  Bcale,  Jun.,  who  obtained  the  results  shown 
in  the  following  table  : — 


No.  OF  nLEEPircas. 

Flwt. 

Second. 

ThW. 

Fonrth. 

"Water 

TSa.Ti) 

810.S9 

815.18 

81,1.t»4 

Fibrine 

11.42 

4.72 

4.;u 

3.i«U 

Solids  of  Hcnim 

70.94 

70.85 

r.r».(»2 

7r..01 

Blood-corpuscles 

142.85 

113.54 

110.58 

IW.'O 

lOOO.OO 

10i"K).()0 

1(KX).02 

liUHlOO 

Density  of  serum 

1025.8 

1021.8 

1023.5 

102:1.6 

Here,  notwithstanding  the  liberal  allowance  of  food,  the  rod  par- 
ticles sufTcred  a  considerable  diminution. 

The  dog  was  now  allowed  to  recover,  and  was  well  fed  for  three 
weeks,  and  at  the  end  of  that  time  his  blood  was  analyzed :  be  vas 
then  starved  for  four  days,  boing  allowed  nothing  but  water,  and  on 
each  of  these  four  days  was  bled.  The  following  table  gives  ilic 
result  of  these  analyses. 


JW^MM^V    MM. 

Seoond. 

Thtad. 

Foartb. 

TUih. 

804.40 

805.44 

838.30 

849.84 

1.91 

8.96 

5.26 

6.18 

72.61 

71.46 

68.46 

71.62 

121.08 

110.16 

87.98 

74.21 

ear 

Ko.  OP  BLEDoroa.         Fint. 
Water     .        .    802.71 
Fibrine    .        .        2.28 
Solids  of  senim     74.18 
Blood-oorpuAoles  120.88 

Dog  fed.  Dog  ctarred. 

In  the  latter  experiments  we  notice  a  diminution  of  the  red  par- 
ies to  an  extent  even  more  marked  than  in  the  former ;  and  it 
ly  also  be  observed  that  even  after  a  lapse  of  three  weeks,  with 
od  feeding,  the  red  particles  had  not  recovered  their  original 
loant. 
With  reference  to  the  estimate  of  the  quantity  of  fibrine,  it  is 

£^t  to  observe,  that,  both  in  these  and  all  other  analyses,  it  is 
le  to  an  important  source  of  fallacy,  which  arises  from  the  im- 
isibility  of  forming  a  separate  estimate  of  the  quantity  of  the 
lourless  corpuscles  which  adhere  to  the  fibrine,  and  must  necessarily 
crease  its  apparent  quantity. 

The  modifications  which  disease  produces  in  the  relative  quanti- 
m  of  the  blood-constituents,  are  chiefly  referable  to  an  increase 
Md  or  apparent)  in  the  quantity  of  fibrine,  or  a  diminution  of  that 
ment,  or  of  the  blood-corpuscles  ;  or,  lastly,  to  such  an  alteration 
the  quality  of  the  fibrine  (its  quantity  being  unaltered)  that  its 

rating  power  is  materially  interfered  with, 
diseases  of  an  inflammatory  type,  in  which  there  is  active 
^er  of  a  sthenic  character,  with  proneness  to  efiusion  of  plastic 
Dph,  or  to  the  formation  of  thick  laudable  pus,  fibrine  is  said  to 
increased  in  quantity  to  as  much  as  five  or  six  parts  in  one  thou- 
id  of  blood ;  it  is  also  said  that  there  is  an  increase  in  the  colour- 
•  corpuscles,  and  at  first  a  slight  increase  in  the  coloured  corpuscles, 
mgh  these  latter  afterwards  undergo  a  diminution,  which  is  the  more 
rked  in  proportion  to  the  extent  of  depletory  measures  employed. 
no  diseases  are  these  changes  in  the  blood  more  conspicuous  than 
rheumatic  fever,  pneumonia,  and  pleurisy.  The  cupping  and 
Kng  of  the  blood  is  very  marked,  and  the  most  exquisite  examples 
that  interesting  phenomenon  may  be  obtainedf  from  patients 
lomring  under  these  maladies.  SufiScient  allowance,  however,  does 
t  seem  to  have  been  made  by  observers  generally  for  the  ex- 
it to  which  the  apparent  increase  of  fibrine  may  be  explained  by 
I  increase  of  the  colourless  corpuscles.* 

'  Zimmerman,  and  more  recently  Mr.  John  Simon,  in  his  Talaable  lectures  on 
hology  (Lanctty  1850,  and  since  republished  in  8yo.),  have  advocated  the  doctrine, 
il  indeed,  but  most  worthy  of  attention,  that  the  fibrine  of  the  blood  must  be  re- 
lad  not  as  an  ingredient  prepared  for  the  nourishment  of  certain  tissues,  and 
i^  to  be  appropriated  by  them,  but  as  **  among  those  elements  which  hare  arisen  in 
Uood  from  its  own  decay,  or  have  reverted  to  it  from  the  waste  of  the  tissues." 
ffimon  has  been  led  to  adopt  this  opinion  chiefly  fVom  observing  the  unaltered 
■ten  increased  quantity  of  the  fibrine  under  bleeding,  starvation,  amemia,  and 
w  states  of  exhaustion  and  increased  waste,  and  also  from  the  fact  that  in  these 
wets  the  fibrine  is  in  direct  contrast  with  the  red  particles  which  are  rapidly 
aead  by  these  means.  This  view  is  also  favoured  by  the  fact  noticed  by  .Vndrui  and 
rarret,  that  an  improvement  in  the  breed  of  an  animal  tended  always  (cscteris  pari- 
)  to  increase  the  proportion  of  the  red  particles,  but  to  diminish  thai  of  the  fibrine, 
I  naall  quantity  of  fibrine  in  foetal  blood,  the  absence  of  fibrine  from  the  epg,  the 
me,  and  the  smaller  quantity  of  it  in  the  blood  of  carnivora  (which  feed  on  it] 
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Diminution  of  the  quantity  of  fibrine,  accompanied  with  a  d^ 
crease  in  the  red  particles,  occurs  chiefly  in  fevers  arising  from  the 
presence  of  a  poison  in  the  system.  None  show  these  changes 
more  than  those  fevers  which  are  caused  by  the  paludal  poison— 
namely,  intermittent  fevers.  In  rheumatic  fever,  and  in  acute  gen- 
eral gout,  there  is  a  remarkable  tendency  to  the  diminution  of  the 
coloring  matter  of  the  blood,  even  when  these  diseases  hare  been 
treated  in  the  mildest  manner.  It  would  seem  as  if  the  materia 
morbi  acted  as  a  blight  upon  the  red  corpuscles,  and  prevented  their 
development  in  the  normal  proportions. 

In  some  cases — especially  those  connected  with  enlarged  liver  and 
spleen — the  diminution  in  the  coloured  particles  is  accompanied  bj 
a  remarkable  increase  in  the  number  of  the  colourless  particle?.— 
Some  cases  of  this  condition  of  blood  have  lately  been  collected  bj 
Professor  J.  H.  Bennett,  who  proposes  for  it  the  name  Leueocythtm 
(xevxoi,  white;  »vfoj,  a  cell;  ot/ia,  blood).* 

The  fatty  matters  of  the  blood  are  sometimes  increased  ii 
quantity  apparently  from  non-elimination.  Under  these  ciran- 
Btances  the  serum  becomes  quite  milky,  an  appearance  whidi  is 
quite  characteristic  of  this  state  of  blood,  and  may  be  removed  If 
ether.  We  have  already  alluded  (p.  633)  to  the  milkiness  whin 
follows  the  ingestion  of  fatty  food,  but  which  cannot  be  regarded  ai 
abnormal. 

There  is  a  condition  of  blood  to  which  F.  Simon  has  given  tkc 
name  spansemia  (aHavo^,  poor\  and  which  is  popularly  called  jm 
blood.  This  is  characterized  by  changes  in  the  quality  rather  than 
in  the  quantity  of  the  blood-constituents,  and  especially,  perhaps, 
in  the  quality  of  the  fibrine.  When  the  blood  is  in  this  state, 
hemorrhages  are  of  frequent  occurrence,  owing  probably  to  the  im- 
perfect manner  in  which  the  coats  of  the  bloodvessels  are  notirished. 
Purpura  and  scurvy  are  well-known  diseases,  of  which  the  prominent 
feature  consists  in  this  poorness  of  blood.  In  the  former  maladj, 
we  have  found  the  blood-corpuscles  shrivelled,  and  even  disintegrat- 
ed ;t  but  it  is  difficult  to  determine  whether  this  was  due  to  a  defect 
in  their  mode  of  generation  and  development,  or  to  a  diniinkheJ 
specific  gravity  of  the  scrum  favourable  to  its  endosmose  by  them. 

On  the  subject  of  the  blood,  reference  is  made  to  the  works  on  I'lij-siolopT"  alrrtir 
quoted;  Ilewson's  works,  ])y  Gulliver  (Sydm.  Soc. );  J.  Hunter  on  tbe  r>l'i>-l  \c.. 
Mr.  Gulliver's  numerous  and  valuable  observations  in  the  Aj^pondix  to  tlie  Kii.!.*::*- 
edition  of  Gerber's  Anatomy,  and  in  his  notes  to  Ik'wson's  wurks;  Sim:»a  :*  A!.:!iii- 
Chemistry,  by  Day  (Sy<lem.  Soe.)  :  AVhart(m  Jones,  On  the  Hh>od-corj»usi'le  o■•l!<ilf^ 
ed  in  its  difterent  Phases  of  Development  in  the  Animal  Series,  IMiil  Trans.  \^^'  '■ 
Kiilliker,  ubcr  die  Blut-Kurperchen  eines  mensehlichen  Embryo  uinl  die  Kiiiwiikoiaar 
der  r>lut-Kr)rperchen  bei  Saujijetliieren :  Nasse,  uber  das  IJlnt ;  Sharpoy  aa«l  l^»«iu«* 
Anatnm}';  Dr.  Miller's  article  on  Organic  Analysis  in  the  ryclop.  <if  Anat. :  Aniiv. 
Es.xai  d'llematologie  Pathologique;  Hecquerel  and  Ro«lier.  lleoherches  sur  la OvajH-fr 
tion  «lu  Sang,  iS:c.,  1811 ;  Dr.  C)wen  Uees  on  the  lUood  and  Urine:  Mr.  J.  E.  IJiiwiwt' 
I*ractioal  Handbook  of  Medical  Chemistry;  Mr.  John  Sunou's  Lectures  on  lidt:*. 
Pathoh.gy,  1850. 

than  in  that  of  the  lierbivora,  are  additional  facts  adduced  by  Mr.  Simon  in  fiij-p^'^* 
of  this  viow. 

*  Monthly  Journal  of  Med.  Science,  Edinb.  Jan.  1851.  -f  Sec  a  «:•'■ 
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CHAPTER  XXVIII. 

rHB  CIRCULATION  OF  THE  BLOOD.— THfi  SAKOUtFEROUS  STdTEM. — 
ARTERIES. — VEINS. — CAPILLARIES. — THB  HEART,  IN  THE  ^OWER 
ANIMALS,  IN  HAN. — PHENOMENA  OP  ITS  ACTlON.—COURSB  OF^TUE 
CIHCtTLATION  IN  MAN. — FORCES  BY  WHICH  TfiB  CIRCULATION  IS 
CARRIED  ON  IN  THB  ARTERIES,  CAPILLARIES,  AND  VEINS. 

It  is  difficult  to  compretieDd  how  it  escaped  detection  for  so  long 
i  time  that  the  complex  fluid,  the  properties  of  which  were  )consid- 
ired  in  the  last  chapter,  is  perpetually  in  motion.  Physiologists 
irere  not  insensible  of  the  importance  of  the  blood  to  the  general 
intrition  of  the  body;  but  of  its  relation  to  the  elements  of  the  va- 
ions  tissues,  they  seem  to  have  formed  no  adequate  idea. 

The  discovery  of  the  circulation  of  the  blood  by  our  immortal 
Sarvey,  and  first  taught  by  him  in  1619,  was,  perhaps,  the  most 
perfect  physiological  induction  from  well-ascertained  anatomical 
SMts  ever  made.  A  careful  study  of  the  anatomy  of  the  veins  and 
»f  their  valves,  and  also  of  the  heart  and  its  valves,  and  the  com- 
^ttrison  of  the  possible  relation  which  these  mechanical  contrivances 
n  the  one,  might  bear  to  those  in  the  other,  led  to  the  inevitable 
nference  that  the  fluid  contained  iA  these  vessels  and  in  the  heart, 
lot  only  moved,  but  also  moved  in  a  certain  and  uniform  direction. 

The  agents  of  the  circulation  of  the  blood,  are  the  heart  and  the 
floodvessels;  the  latter  being  a  series  of  tubes  of  various  sizes  and 
ilmctore,  and  of  various  vital  endowments ;  the  former  a  sort  of 
iving  forcing-pump  in  free  communication  with  this  system  of  tubes, 
Aictt,  By  its  unceasing  action,  keeps  the  blood  in  continual  motion. 

We  shall  first  examine  the  structure  and  vital  endowments  of  each 
i^  these  agents  of  the  circulation,  and  then  inquire  into  the  part 
rbich,  each  plays  in  maintaining  the  circulation  of  the  blood. 

Cfthe  Bloodvessels, — The  bloodvessels  are  of  three  kinds,  Arte- 
VeinSy  and  Capillaries. 

The  arteries  are  the  vessels  which  Convey  the  blodd  from  the 
leart.  The  etymology  of  the  term  (ai7P,  rijpfw),  shows  that  it  was 
kdbpted  at  a  period  when  nothing  was  known  as  to  the  real  nature 
if  the  contents  of  these  tubes  during  life.  The  fact  that  so  large 
i  proportion  of  the  arterial  system  is  empty  after  death,  led  to  the 
mnton,  which  prevailed  to  the  time  of  Herophilus,  that  it  contained 
Pitel  spirits,  or  air  {spiritusj  or  nvivftajj  during  life,  and  the  arteries 

r^rO  called  npivfianxa  ayYfia.* 

Arteries  are  cylindrical  tubes,  whose  walls  are  formed  mainly  by 
k  &igb  elastic  material,  whereby  the  cylindrical  form  is  preserved 

*  ThiB  idM  reftpectiilg  the  office  of  the  arteries  is  thus  expi^ssed  by  Cfeero.  **  9piri- 
m  es  pvlmoae  In  eor  recipitnr  et  per  arterias  distribuitnr,  tsnguis  pef  TewLS.'* — De 
fmL  Dtor.  L.  IL 

42 


6&0 


THE  CIRCULATION  OP  THE  BLOOD. 


untl  the  collapae  of  tlie  tube  is  preventetl.     For  ihe  stme  rSJR 

when  an  artery  ie  cut  across,  its  luonth  ia  patulous,  ami  remalnin. 
The  walls  of  arteries  consist  of  three  different  texturra:  (w, 

the  external  tunic,  composed  of  areolar  tissoe,  anti  cominonlj  oIM 
I  the  cellular  coat ;  eccondly,  the  middle  coat,  or  fibrous  tunic;  ud 
I  thirdly,  the  epitboliiil  tunic. 

I  The  externnl  tunic  is  thiit  through  the  medium  of  which  the  artfrj 
bll  connected  with  neighbouring  structures,  and  it  also  forma  &  nldw 
tSbr  the  support  of  the  nutrient  bloodvessels  of  the  art«rtftl  till 
llFhese  minute  vessels,  named  vana  vagorum,  are  derived  from  neigk- 
I  bouriDg  arteries ;  thcj  ramify  freely  in  the  external  ^nic,  iui  mi 
I  icinute  branches  to  a  certiiin  depth  in  the  wall  of  the  artery,  hi 
I  %ell-injected  subject,  they  may  be  seen  filled  with  injectioo  on  ill 
I  the  larger  arteries,  and  when  great  vascular  congestion  ha&  ictcus- 
I  panied  or  preceded  death,  these  vessels  participnte  in  ihc  genml 
I  plethora,  and  may  be  seen  diatended  with  blood  ou  the  ftorU  ud  'W 
I  larger  branches, 

I  In  some  of  the  large  arteries,  a  few  pellets  of  fat  maybe  tnai 
I  in  the  outer  layers  of  the  external  tunic,  which  cousist  of  very  lauM 
I  areolar  tissue ;  the  inner  layers  of  this  tunic  are,  however,  very  wit- 
I  densed,  and  adapt  themselves  closely  to  the  middle  cout  of  m  ir- 
I  tery  to  which  they  adhere  intimately,  probably  by  reason  of  dt 
I  OODiinuity  of  some  of  their  fibres  with  those  of  the  middle  tnoie. 
I^e  same  elements  are  found  in  the  external  coat  of  arteries,  u  ia 
I  areolar  tissue  elsewhere,  namely,  the  white  and  yellow  fihrouii  tisjiw. 
V  but  the  former  predominates  in  quantity  bo  much  that  in  some  tilt 
I  jitions  it  seems  to  be  the  sole  constituent  of  the  tunic, 
I  The  extensibility,  toughness,  and  power  of  resiataDce  which  tliii 
1  Junic  enjoys,  by  reason  of  the  large  quantity  of  while  fibrous  tiiSM 
I  which  it  contains,  adapt  it  admirably  as  the  external  inveaUDtnl  i/ 
I  ihe  arterial  tube.  It  serves  to  give  mechanical  support  to  the  oiiw 
F  tuniofl,  and  being  the  medium  in  which  the  nutrient  bloodvessel!  m 
I  (listributed,  it  contributes  to  a  certain  extent  to  their  nQtritiia. 
I  Eence  there  is  no  other  tunic,  the  loss  of  which  an  artery  taffat 
['  &om  so  much  ;  in  diseased  or  injured  states  of  the  other  cootf,  ii 
I  preserves  the  integrity  of  the  tube,  and  prevents  any  seriuiuiDttr- 
I  rnptions  to  the  circulation ;  the  wall  of  many  aneurisms  contuiD  iB 
I  iireat  part  of  this  tunic  ;  and,  on  the  application  of  a,  ligature,  whiii 
t  (be  inner  an<^  middle  coats  give  way  under  the  pressure,  thiaunut 
I  resists  and  preserves  its  continuity  for  a  time. 
I  Of  the  Middle,  or  Fibrous  Coat. — This  tunic  constitntes  the  prift- 
I  fflpal  portion  of  the  arterial  wall.  It  is  in  greatest  part  cotnpoiM 
I  of  yellow  elastic  fibrous  tissue  ;  but  it  likewise  contains  some  'faiu 
fibrous  tisEue,  and  also  some  of  the  unstriped  muscular  fibre. 
I  ^Yhen  a  large  artery,  as  the  human  aorta,  or  the  aorta  of  k  hum 
I  «r  ox,  is  cut  either  longitudinally  or  transversely,  two  very  dialinrt 
I  portions  may  be  observed  on  examining  the  surface  of  the  tectita 
■  with  the  naked  eye.     These  are,  an  internal  portion,  quite  jftfUpK 

in  colour,  and  constituting  not  more  than  a  tenth  or  a  twclft^jlflh 


THE  HIDDLE  COAT  OF  ARTERIES. 


661 


Fig.  186. 


ttiekness  of  the  whole  tnnic ;  and  an  external  portioa  of  b  grayish- 
yellow  colour. 

The  iDternsl  portion,  which  we  shftll  call  the  lonffitudii%al  fihrout 
Hnie  is  composeil  of  longitudinal  fibres  of  yellow  fibrous  tissae, 
disposed  in  two  planes,  form- 

ma  an  internal  and  an  exter-  Fig.  181. 

Bu  layer.  The  internal 
lijer  is  in  intimate  contact 
with  the  epithelium,  and 
eoDsista  of  fine,  pale,  some- 
what flat,  not  branchiDg 
fibres,  imbedded  in  a  hyaline 
Membrane,  which  peels  off 
readily  in  the  length  of  the 
veuel,  and  when  separated 
firom  connection  with  the  adjacent  layer  assumes  a  coiled  form,  as 
■bown  in  Fig.  184.  These  fibres  are  not  altered  in  any  degree  by 
Uifl  action  of  acetic  acid.  The  external  layer  is  composed  of  fibres 
tS  elastic  tissue,  which  also  take  a  longitudinal  direction,  but  are 
■neh  coarser,  and  branch  freely,  form- 
ins  a  very  intricate  interlacement  (Fig. 

lie  external  grayish-yellow  portion 
of  the  fibrous  coat  of  arteries  forma 
oiDe-tenths  or  eleven-twelfths  of  the 
thieknesB  of  the  wall  of  the  artery,  and 
■aj  be  dis^nguished  from  the  internal 
portion  hy  the  name  of  the  circular 
f^nma  tunie.     It  consists  entirety  of 

tnnarerse  fibres,  which  eurround  the  artery  at  right  angles  to  its 
loBg  axis.  These  fibres  separate  readily  when  pulled  in  the  trans^ 
r«ne  difectioa.  They  form  a  series 
|rf  concentric  layers,  in  number  pro- 
portioned to  the  thickness  of  the 
irtuy,  composed  of  coarse  yellow 
bres  wbicb  branch  and  interlace 
bMly. 

'  -  Upon  fine  transverse  sections  of 
the  middle  coat  of  one  of  the  large 
Kteries  of  man,  or  of  the  ox,  we 
mj  tAAvhe  the  peculiar  arrange- 
■ont  of  these  branching  fibres ' 
vUoh  gives  rise  to  the  tendency  of 
tbia  coat  to  split  into  lamellie.  Cer- 
tain lai^e  fibres,  or  rods  of  yellow  ii>«iiiiibi'»m  dMiHUn. 
i)oitir  tissue  are  disposed  in  succcs- 

HTO  concentric  circles  which  pass  transversely,  and  sometimes  ob- 
liquely round  the  artery.  (Figs.  187,  189,  190.)  These  branch  in 
a  penniform  manner  (hence  we  propose  to  call  them  the  penniform 
i^ret),  and  interlace  with  those  on  the  same  plane  as  well  as  with 


Fig.  188. 
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t&ose  OB  an  inner  aod  outer  ptnne.  The  branches  agaia  mbSiJi 
and  form  by  their  frequent  anaatomosies  that  tnirnatt 
interlacement   which    ia   represented   in  Fig.  IS* 


8<ir«on  of  lli»  ■Brtii  rfHn  ot  ilinwtBt  On  ■mngnnanl  dI  I 
loD^lmUiul  Ibnnia  Innic  »nd  sf  Ui«  Flmilir  fllvoiM  tuple.     .^^-.^ 

\mi  flbroni  lunic    Mont  lit  Itin  lltrm  tn   i^nt  iirHa.  )iul  ■  IVr,  atak  ^Mm* 


•Ugbtljr  IndUxUd. 


wIidIk  IcD^bb,  Knd  their  pcikDOavq  k 


This  disposition  of  the  fibres  maj  be  psi^nhH; 
well  Been  on  thin  sections  made  from  the  dried  wf 
of  the  ox,  and  afterwards  moistened  with  acrtit  vA 
It  is  also  sufficiently  obvious  in  the  aorta  of  lhek"W 
subject,  but  the  fibres  are  all   very  tnadi  emiBfr, 
nearly  one-half  tbe  sise  of  thoao  of  tbo  ox,  otJ^ 
penniform  subdivision  is  not  so  distinct. 

Muscular  Fibres. —  Interposed  between  th»l»JW 
of  penniform  fibres  we  find  some  of  th«  wafyrt* 
fibrous  tis.sue  also  arranged  in  a  circular  fohB.M' 
intermingled  with  this  are  some  trnnsvi-rsf  fi^ttf^ 
unstriped  muade,  with  oval  nuclei,  "li    .     " 
are  at  right  angles  to  the  arterial   ":i: 
These  do  not  seem  to  form  any  singli    > 
but  are  disposed  probably  on  differem   j.........  ;-  — 

wbat  like  the  fibres  of  the  dartos  in  the  nrcolM-  iit** 
of  the  scrotum)  among  the  fibres  of  tbe  circular  AfM 
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and  folldir  the  same  directioD.     They  are  best  dereloped  in 
M  of  the  middle  and  emftller  sise,  sod  ma;  be  most  eBsil;' 


liiB«r  tbadtnlu 


ated  from  the  fibrous  tisane  in  arteries  which  have  undergone 
decomposition.     They  are  then  seen  to  consist  of  long  fusi- 
8bres  of  much  delicacy,  with  a  minute  nncleiu  in  most  of  them, 
0  mass,  they  have  the  appearance  represented  in  Fig.  191. 


Fig.  190. 


ntaof  tlwai,th*n 
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e  eiternal  layers  of  the  circular  fibrous  coat  become  gradually 

and  more  like  the  ordinary  yellow  elastic  tisane,  the  penniform 

be  ninscular  fibres  cease,  and  the  true  yellow  elastic  Dranching 

becomes  continuous  with  that  which  is  found 

kring  quantity  in  the  external  coat. 

•itMial  Layer. — The  interior  of  the  arteries  is 

ed  by  a  single  layer  of  delicate  oval  epithelial 

lies,  which  separate  very  soon  after  death,  and 

therefore,  be  sought  for  in  quite  recent  sub- 

They  may  be  best  seen  by  scraping  the  inner 

oe  of  the  artery.     The  long  axis  of  each   of 

particles  is  parallel  to   that  of  the  vessel. 

are  pointed,  or,  as'  it  were,  drawn  out  at  their 
nities;  and,  according  to  Henle,  they  are  some- 
:  elongated  into  fusiform  fibres.  They  are  re- 
able  for  the  large  size  and  the  dtstinctness  of 

aaolei  which  are  often  visible  when  the  cell- 
cannot  be  detected.  The  particles  seem  to  rest 
diately  npon  the  innermost  layer  of  the  longi- 
al  fibrous  tunic,  which  bears  the  relation  of  a 
oent-membrane  to  them  ;  in  this,  when  detached, 
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tDinate  apertarea  appear  coDstitating  the  fenestrated  nembnite  U 
Hcnle.  It  is  possible,  as  snggested  hj  Henle,  that  thii  membmc 
arises  from  the  transformation  of  the  epitheliom,  which  is  erer  dm- 
ing  the  materials  of  its  formation  and  nutrition  from  the  blood  m- 
tained  in  the  artery.  Thus,  it  is  not  improbable  that  the  innnwit 
layers  of  the  arterial  vail,  at  least,  ore  nonrished  from  the  blwl 
flowing  throuch  the  artery,  and  not  from  the  blood  of  the  vom  m» 
rum,  which  do  not  seem  to  penetrate  to  them.  And  this  litwa 
supported  by  observing  that  these  innermost  Iayerfl,of  the  irwr, 
t.  e.  the  longitudinal  fibrous  tunic,  are  the  seat  of  the  atheromiiiiu 
deposits  which  are  so  common  in  peculiar  diatheses,  or  at  id  ad- 
vanced period  of  life ;  these  deposits  being  doubtless  derived  fm 
the  blood  which  traverses  the  artery. 


Fig.  102. 


^iMrmmllio  PartlrlM(ifr|<lthi1lamuidnqrMtitaat 

Ugniaul  400  tnru  of  ■  huiw;  iniii  ot  Uw  t«BBaUU 

From  the  preceding  description,  it  would  appear  that  the  foHon; 
tunics  may  be  enumerated  as  constituting  the  wall  of  an  arteiy  pro- 
ceeding from  without  inwards. 

First,  the  external  coat,  consisting  of  areolar  tissue. 

Second,  the  circular  fibrous  coat,  consisting  of  a  series  of  Uae11<i 
composed  of  yellow  elastic  fibrous  tissue,  the  most  external  of  »liicli 
are  intermingled  with  white  fibrous  tissue  and  with  circular  mnKultf 
fibres. 

Third,  the  longitudinal  fibrous  layer,  which  consists  of  twoliJcR- 
a  finely  fibrous,  and  a  coarsely  fibrous. 

And  lastly,  a  layer  of  epithelium. 

The  internal  layer  of  longitudinal  fibres — which  is  thesanew 
that  described  by  Ilenle  under  the  name  oi fenestrated  membru^' 
constitutes,  along  with  the  epithelium,  the  internal  tunic  to  )(»£ 
recognized  by  anatomists. 

The  elastic  reaction  of  arteries  is  evidently  resident  in  the  miii'i!' 
fibrous  coat,  and  in  the  same  tunic  the  contractile  power  of  i!" 
artery  resides.     The  existence  of  those  two  forces  in  the  irtem- 
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n,  the  one  of  simple  elastic  reaction,  the  other  of  a  slow  muscular 
Hmtraction,  is  shown  by  the  well-known  experiments  of  John 
3aDter.  A  piece  taken  from  each  of  the  large  arteries  of  a  horse, 
lied  to  death,  was  laid  open  and  extended  on  a  flat  surface  without 
ilretchin^;  it  was  then  measured,  and  afterwards  subjected  to  strong 
;«n8ion;  it  was  then  measured  again  ;  on  the  removal  of  the  stretch- 

S  force,  it  failed  to  recover  itself  to  its  first  dimensions  by  a  notable 
erence.  When  an  animal  has  been  bled  to  death,  the  arteries 
ire  in  their  greatest  state  of  contraction,  the  quantity  of  blood  cir- 
Mdating  in  them  being  reduced  to  a  minimum.  This  state  X)f  con- 
armetion.  Hunter  assumed  to  be  the  result  of  muscular  force,  and 
irith  good  reason,  as,  after  stretching,  the  artery  did  not  contract 
Ml  its  previous  dimensions.  The  stretching  destroyed  the  muscular 
brce,  leaving  whatever  contraction  would  take  place  on  the  removal 
Mf  the  stretching,  to  be  effected  by  the  elastic  force.  Thus  a  piece 
if  the  aorta  of  a  horse,  when  slit  up  and  opened  on  a  plane  surface, 
Beasnred  five  inches  and  a  half;  on  being  stretched,  it  lengthened 
bo  ten  inches  and  a  half;  the  stretching  power  being  removed,  it 
Mmtracted  again  six  inches,  ^^  which,"  JBays  Hunter,  ^^  we  must  sup- 
pose to  be  the  middle  state  of  the  vessel."*  These  powers  inherent 
Ln  the  arterial  wall,  of  yielding  under  a  distending  force,  and  react- 
ing upon  its  contents  with  a  force  equal  to  that  of  the  primitive  dis- 
barbing  one,  and  also  that  of  muscular  contraction,  exercise  an  im- 

Krtant  influence  in  promoting  or  directing  the  circulation  of  the 
xmI  through  the  arterial  system. 

The  elastic  element  of  the  arterial  tunic  is  always  developed  in 
^he  direct  ratio  of  the  size  of  the  artery ;  and  the  muscular  element, 
ilthongh  perhaps  not  bearing  an  inverse  proportion  to  the  size  of 
die  artery,  yet  becomes  more  prominent  and  distinct  as  the  elastic 
immte  diminishes  in  coarseness  and  in  strength.  Thus  it*is  in  the 
imelirr  arteries  that  we  notice  the  most  perfect  arrangement  of 
■■scalar  fibres,  and  in  these  the  fibrous  tissue  is  reduced  to  its  in- 
bemal  longitudinal  fibrous  layer,  the  external  circular  fibres  having 
Sssppeared. 

Bloodvessels  and  nerves  are  freely  distributed  to  the  arterial 
tamics.  To  the  former,  allusion  has  already  been  made  in  describ- 
oig  their  external  tunic.  We  have  no  evidence  that  these  blood- 
vessels penetrate  further  than  to  a  slight  depth  into  the  fibrous 
taaic.  it  is  probable,  therefore,  that  they  are  destined  to  nourish 
Am  external  tunic,  and  a  portion  (chiefly  the  muscular  element)  of 
the  fibrous  tunic,  leaving  the  remainder  of  the  arterial  wall  to 
iaibibe  its  nutrition  directly  from  the  blood  itself.  The  general 
umnsement  of  the  nerves  on  the  outer  coat  of  arteries  has  been 
ibes^  described  (vol.  i.  p.  223,  and  vol.  ii.  chap.  xx.).  The 
plexuses  formed  are  chiefly  conducted  by  the  arteries  to  parts  be- 
vond ;  but  they  also  furnish  filaments  penetrating  to  the  muscular 
fibres,  and  bringing  these  into  relation  with  the  nervous  system. 

The  arterial  system  may  be  described  as  taking  its  starting-point 
bom  the  heart,  by  the  attachment  to  that  organ  of  each  of  the  two 

*  Hunter  on  the  Blood,  Inflammation,  &c.,  4to.  ed.  p.  124,  et  i«q. 
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greikt  vessels  (the  aorta  and  the  pulmonary  artery)  wliich  for^V^^ 

main  trunks  of  their  respective  systems.     Tbe  mi<l<lle  co&t  of  cwk 

of  these  vesaela  is  inserted  into  or  ailherent  to  the  oonoavity  of  lim 

festoons  composefl  of  rounded  cords  of  white  fibroUs  tissue.     To  iKt 

m  central  portion  of  the  convexity  of  eacb  of  these  the  mnsciiUt  &a 

t  of  the  heart  adheres  closely  in  the  case  »f  the  pulmonary  «rim; 

I  Itnt  in  that  of  the  aorta,  one  festoon  and  the  half  of  nnolber  gi'M 

I  Mtachment  tu  muscular  fibre,  whilst  the  other  half  of  this  fttina, 

i  Mid  a  third  are  attached  to  a  part  of  the  fibrous'^one,  whicb  itrrm 

t  the  base  of  the  inner  lip  of  theinitrni  vah'e.     Along  thQliBPoftlxM 

\  festoons  the  lining  uieiubrane  of  the  heart,  becoming  oontinuou  «iik 

I  that   of  the   arteries,  forms   three   semilunar    ciirtsins,  wlikb  hi 

I  Btrengtheoed  by  processes  of  fibrous   tissue  continuous  villi  tta 

V  festoons.     These  folds  constitute  the  va(ve»  of  these  vcMrfj,  thi 

\  Only  ones  of  the  arterial  system.     We  shall  recur  to  these  bj  ui 

[  Arteries  convey  the  blood  to  tJie  various  parte  of  the  body  by  it 
I  subdivision  of  their  truuks  and  tbe  giving  off  of  branch-vesseU  >l  nn- 
I  ous  points.  The  branuhes  for  the  moat  part  come  off  at  an  acule  la)!)! 
)  with  the  continued  trunk,  so  that  the  new  stream  of  blood  docs  Hi 
^  experience  any  great  diversion  from  tho  direction  of  its  pmti 
\  Btream.  In  a  few  instances,  however,  this  arrangement  is  Ml  4- 
I  served,  as  in  some  of  tbe  intercostal  and  lumbar  arteriea,  «ki» 
I  form  nearly  a  right  angle  with  the  aorta  from  which  they  ori^uU- 
I  Anattomoaes  of  Arteries. — The  manner  in  which  different  artnttl 
r  trunks  communicate  with  each  other  indirectly,  is  one  of  theifH: 
I  interesting  points  in  the  anatomy  of  tbe  arterial  system.  Tli) 
I  tina»iomo»i»  of  arteries  often  affords  tbe  means  of  euppiyinj;  t^ 
I  nutrient  fluid  to  a  limb  after  its  principal  artery  hns  been  oblitcnML 
I  email  coHateral  channels  enlarging  more  or  less  for  the  rece|riig>(' 
I  a  greater  supply  of  blood  than  they  were  wont  to  convey.  Hew 
[  the  study  of  the  intercommunicating  vessels  baa  had  great  kufloMKi 
I  upon  the  surgical  treatment  of  aneurisms  and  wounds  ut  arteries. 
I  One  of  the  most  simple  of  these  anastomoses  is  found  in  tfcc  wim 
\  of  two  arteries,  originating  from  different  trunks,  to  form  on*— « 
[  the  vertebral  arteries  unite  to  form  the  basilar ;  another  kindi*,»l«rt 
\  two  vessels  from  the  same  or  different  trunks  form  by  thrir  dun  u 
1  Kreb  from  the  convexity  of  which  others  come  off,  which  fonu»iiii>I>T 
I  reunions  and  arches,  giving  off  smaller  branches  which  take  a  siiDii«r 
I  course,  and  the  arrangement  continues  to  be  repeated  tiiitil  1^ 
I  resulting  branches  are  reduced  to  &  very  small  sizu,  when  tbty  {>•» 
I  into  the  capillary  system.  Tliis  mode  of  frequent  sabdivisioa  laJ 
P  anastomosis  is  seen  in  the  arteries  wbich  convey  blood  to  the  intmm 
\  —tbe  mesenteric  arteries.  A  third  form  is  where  two  neiglibooriif 
f  ftrteries  communicate  by  a  distinct  vessel,  which  passes  fr«vM|^J 
I  the  other.  By  such  vessels  the  remarkable  anastomosis  atJ^^^H 
t  of  the  brain,  the  circle  of  Willis,  is  formed.  Tbe  anterior  ^^^H 
''  nVtei'ies  passing  upwards  and  forwards  are  united  by  a  orosB^^^^I 
the  anterior  communicating  artery,  and  the  carotid  artery  c^V^^ 
side  is  united  to  the  posterior  cerebral  artery  by  u  bniocb  kS'"*     | 
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pRRses  from  before  backwards — namely,  the  posterior  communicating 
•Tier  J.  By  this  free  communication  of  the -arteries  in  front  with 
those  behind,  and  of  those  on  the  right  with  those  on  the  left,  the 
kain  is  protected  against  loss  of  blood,  if  any  of  the  main  channels 
•f  its  supply  should  be  stopped. 

The  most  common  form  of  anastomosis  is  found  in  the  limbs.  Two 
principal  channels  convey  blood  to  a  limb,  as  in  the  forearm,  the 
imdial  and  ulnar  arteries.  The  branches  of  these  arteries  communis 
mte  at  various  p<Mnts,  especially  in  the  vicinity  of  the  joints,  and  thus, 
if  any  impediment  occurs  in  either,  the  other  enlarges,  conveys  an 
ioeraiaed  quantity  of  blood,  and  even  the  obstructed  trunk  beyond 
Ae  point  of  obstruction  receives  a  supply  by  the  anastomosing 
bruiches.  Or  the  single  main  artery  of  a  limb,  the  feiaoral,  or  the 
braohial,  by  its  branches  communicates  with  arteries  which,  originate 
ing  from  different  sources,  pass  into  another  portion  of  the  limb. 
Thus,  in  the  thigh,  the  circumflex  branches  of  the  profunda  anasto^ 
■loae  with  branches  which  descend  from  the  gluteal,  sciatic,  and  ob- 
turator arteries,  which  are  branches  of  the  internal  iliac.  Hence 
•a  obstruction  in  the  femoral,  high  up,  or  even  in  the  external  iliac, 
will  not  deprive  the  limb  of  its  due  supply  of  blood,  fo/the  arteries 
just  named  will  convey  blood  to  the  branches  of  the  femoral,  which 
arise  below.  This  anastomosis  may  compensate  for  an  obstruction 
in  the  internal  iliac  near  its  origin,  and  by  a  reflux  of  blood  from  the 
fmoral  through  the  profunda  arteries  supply  the  lower  part  of  that 
artery.  In  the  treatment  of  wounded  arteries,  the  surgeon  must 
always  make  allowance  for  the  anastomoses  in  the  neighbourhood  of 
the  wound.  It  rarely  happens  that  a  single  ligature  on  the  cardiac 
ride  of  the  wound  is  sufficient  to  guard  against  secondary  hemor^p 
rhage ;  the  anastomotic  branches  which  arise  from  the  main  artery 
above  the  wound  supplying  the  vessel  or  its  subdivisions  below,  so 
that  the  blood  finds  its  way  by  a  reflex  course  to  the  distal  part  of 
the  trunk  of  the  artery,  and  to  the  wound.  This  is  very  apt  to 
oeeur  in  wounds  of  the  brachial  artery  at  the  bend  of  the  elbow. 
The  only  and  the  obvious  method  of  guarding  against  such  an  effect 
9f  arterial  anastomosis,  is  to  apply  a  ligature  to  two  points  of  the 
artery,  vis.,  below  the  wound,  as  well  as  above  it. 

The  supply  of  blood  to  various  segments  of  the  body  through  dif* 
ftrent  channels,  and  the  free  communication  of  these  channels  with 
Mcb  other,  must  be  regarded  as  one  of  the  most  beautiful  of  the 
various  mechanical  contrivances  in  the  human  body.  By  such  an 
arrangement  a  considerable  security  is  obtained  against  the  failure 
«f  the  nutrition  of  the  limb  by  the  stoppage  of  one  of  its  channels. 
And  modern  surgery  is  largely  indebted  to  it  for  one  of  its  most 
Mlliant  triumphs. 

The  passage  of  the  blood  into  a  limb  or  organ  through  various 
channels  serves  to  distribute  it  more  equally,  and  to  relievo  the  ele- 
mentary constituents  of  the  limb  or  organ  from  the  impetus  which 
the  entrance  into  it  of  a  single  large  column  of  blood  would  occa* 
aion.  This  provision  is  especially  secured  for  the  brain  by  the  sub- 
division of  the  four  great  streams  of  blood  which  enter  the  cranium 
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into  several  minor  ones  at  the  base  of  that  organ,  which  a 
dergo  extreme  subdivision  before  they  penetrate  the  nerroQS  nuiur. 
In  animals  that  hold  their  heads  low,  the  Babdivision  of  the  rii.nrtii] 
and  of  the  vertebral  arteries  is  very  remarkable,  and  fpvc*ii 
the  formation  of  the  different  kinds  of  rele  mirabile.     The  a  " 
markable  instance  of  the  subdivision  of  arteries,  prior  to  ll 
tration  of  the  tissue  ibey  are  destined  to  nouriah,  is  that  d 
hy  Sir  A.  Carlisle,  in  tlie  Sloth,  which  seems  to  be  couneolei 
the  extraordinary  power    enjoyed   by  those   animals  of  e 
muscular  action  for  a  IcngtJioned  period. 

The  anastomosis  of  the  smaller  arterhil  ramifications  are  >I»  tt 

great  importance  in  many  of  the  organs  and  ttssnea,  ospccialjy  ns^ 

the  skin  and  mucous  membranes.     Here  a  membranous  expamra 

is  supplied  by  a  great  number  of  distinct  twigs  which  form  a  [Jmm 

everywhere  continuous,  and  which  again  gives  rise  to  other  EOuQti 

tplexuses  before  the  ultimate  capillaries  are  given  off.      To  this  fora 

l-ef  anastomosis  of  the  smaller  arteries  may  perhaps  be  ascriM  the 

k.tendency  of  some  inflammations  of  membranous  parts  to  be  pnfi- 

Hr  gated  rapidly  along  an   extensive   surface,  as   in   erystjielu.   li 

[  wme  organs*  as  the  kidney,  the  arterial  twigs  have  no  anastcoou 

[i.  whatever. 

Of  the  Veins. — The  veins  carry  the  blood  back  to  the  heart  ffw 
l-tfae  various  tissues  and  organs.  As  the  arteries  divide  aud  niW- 
I  ■  fide,  the  veins  follow  a  contrary  course.  They  commence  froni  tlic 
T  CBpillary  plexuses  of  the  tissues  and  organs  by  minute  radicle  m- 
L  Bels,  which  by  their  junction  form  larger  ones,  and  these  apun  imit* 
h  to  form  still  larger  ones ;  and  so  by  the  fusion  of  the  suall»  tii» 
K.l»rger  trunks  are  produced,  until  at  length  the  venous  bloo'  '~ 
L  1^1  parts  of  the  body,  is  returned  to  the  heart  by  two  great  J 
k  trunks,  the  superior  and  the  inferior  venge  cavx. 
■»  ■  Veins  are  much  more  numerous,  and  for  tho  most  psj 
[I  capacious  than  arteries.     In  the  extremities  and  the  trunk  ij 

M-ranged  upon  two  planes,  a  superficial  plane  and  a  i 
|.  «ne;  the  latter  accompanying  the  deep-seated  arteries,  iia 
S  being  immediately  subjacent  to  the  skin.     The  superficial  t 
L  iDore  numerous  end  present  greater  variety,  both  as  to  uin 
I  urrangement,  than  the  deep  veins.     Their  smaller  radid^ 
If  tomose  in  the  same  manner  as  has  been  just  described  in  the  t 
A  distended  vein  has  a  cylindrical  form,  which,  however,i| 
Lis  interrupted  here  and  there  by  a  knotted  appearance,  i 
l)ita  enlargement  at  the  situation  of  its  various  sets  of  rslvtl 
keoats  of  veins  are  essentially  tho  same  as  those  of  arteri£a,4 
I  kss  developed.     Proceeding  from  without  inwards,  we  find,  T 
■  external  tunic,  composed  of  a  thin  layer  of  areolar  tis8a«,  &■) 
in  strncturo,  position,  and  function  to  tho  external  coat  of  iL 
Secondly,  we  find  a  fibrous  tunic  of  which  the  outer  portion  1 
of  circular  fibres  ;  the  inner  portion  of  lor>gitudinal  fibres  botlf 
and  fine.     The  circular  fibres  are  but  slightly  developed;  I" 
of  the  same  nature  as  those  in  arteries  aud  in  the  larger  voi 
exhibit  somewhat  of  the  penniform  disposition,  which  wb  I 
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leribed  in  the  fibres  of  the  arterial  circular  tnnic.  With  them  are 
ningled  unstriped  muscular  fibres  in  less  quantity  but  of  precisely 
^  same  form  and  character  as  those  in  arteries.  In  the  veins  near 
ille  heart,  these  circular  fibres  are  replaced  by  similarly  disposed 
nuscular  fibres  of  the  striped  kind,  continuous  with  and  resembling 
bhose  of  the  auricles.'*' 

The  longitudinal  fibres  are  well  developed,  consisting  of  the  outer 
iMurse  layer,  which,  in  the  large  veins,  as  the  cava  ascendens, 
ire  arranged  in  the  form  of  large  bundles,  parallel  to  the  long  axis 
>f  the  vessel,  and  the  internal  layer  or  fenestrated  membrane,  which 
D  every  respect  corresponds  to  the  internal  longitudinal  fibrous  layer 
if  mrteries.  Upon  this  is  placed  the  epithelium,  which  is  precisely 
die  same  as  that  of  arteries. 

The  imperfect  development  in  veins  of  a  tunic  possessing  much 
dftetic  power,  like  the  circular  fibrous  coat  of  arteries,  explains  the 
readiness  with  which  these  vessels  collapse,  and  the  general  thin- 
i(B80  of  the  fibrous  and  areolar  tunics  accounts  for  the  diaphanous 
Aaracter  of  the  venous  wall. 

In  a  large  portion  of  the  venous  system  peculiar  processes,  called 
ralves,  are  found  projecting  into  the  interior  of  the  vessel  at  various 
fH>int8.  These  processes  are  semilunar,  attached  by  their  convex 
berder  to  the  wall  of  the  vein,  and  free  at  their  concave  border,  which 
0-  a  little  thickened.  They  are  disposed  in  pairs  in  immediate  juxta- 
[loeition — sometimes  there  are  three  placed  together.  They  are 
WMt  numerous  in  the  superficial  or  subcutaneous  veins ;  and  are 
Bore  80  in  the  veins  of  the  lower  half  of  the  body  than  in  those  of  . 
;he  upper.  The  smallest  veins  are  destitute  of  valves;  as  also  are 
ifae  largest,  as  the  cavse.  The  pulmonary  veins,  those  of  the  liver, 
ind  all  the  veins  which  contribute  to  the  hepatic  portal  system,  the 

Elenic  and  mesenteric  veins,  want  valves.    The  renal  veins  are  also 
^▼oid  of  them. 

The  tissue  of  which  these  valves  are  composed  is  the  same  as  the 
engitudinal  fibrous  coat  of  the  vein,  covered  by  a  layer  of  epithe- 
iniD ;  the  valves  cannot  be  properly  described  as  reduplications  of 
she  inner  membrane  of  the  veins,  they  are  processes  of  it.f 

Of  the  Capillaries. — The  system  of  vessels  which  is  intermediate 
to  the  veins  and  arteries,  is  called  by  the  name  capillary,  from  the 
ainiiteness  of  their  size.  The  finest  arteries,  and  the  finest  veins 
ikewise,  receive  this  appellation.  But  the  true  capillary  system  is  ^ 
Ustinguished  by  a  speciality  of  arrangement  and  an  uniformity  of 
Bie,  proper  to  each  tissue  or  organ. 

The  capillary  vessels  may  be  examined  in  injected  specimens,  or 
n  recent  transparent  tissues,  as  in  the  pia  mater,  or  in  living  trans* 
parent  tissues,  as  the  web  of  the  frog's  foot,  the  mesentery  or  dis- 

*  Ransehel  states  that  these  fibres  can  be  traced  io  the  superior  cara,  as  far  as  the 
flavicle,  and  in  the  inferior  as  far  as  the  diaphragm,  und  in  the  pulmonary  reins  as 
hr  AS  the  first  subdivision  of  each. 

f  We  hare  great  pleasure  in  referring  to  an  excellent  article  on  the  anatomy  of  reins, 
ft  tiie  42d  part  of  the  Cyelopxdia  of  Anatomy  and  Phytiology,  by  Dr.  S.  J.  Salter. 
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teniled  urinary  bladder  of  the  frog,  the  tail  of  the  newt,  the  gX  tf 
the  tadpole,  the  tail  or  Gns  of  fishes. 

The  diameter  of  the  capillaries  varies  in  different  texttms  turn 
the  jn'na  cf  A°  'Qc'')  ^^  ii^an>  according  to  the  meftftttrementt  «f 
,  Weber. 

The  finest  capillaries  are  found  in  the  brain  (Fig.  105,  A)akdn 
•  the  retina;  those  of  nmscles,  especially  the  cross  branches  whicti in- 
tersect the  fibres,  are  likewise  very  fine.     Among  the  largwt  in 
those  of  the  lung  and  liver. 

The  capillaries  form  a  network  in  each  tissue  or  organ,  whicii 
derives  its  nourishment  directly  from  iheo, 
and  they  eihibit  au  arrangement  adu^Uita 
the  disposition  of  its  proximate  elements,  h 
the  tissues  which  assume  a  fibrous  fora,  u 
muscle,  nerve,  fibrous  tissue,  the  cspUlinM 
are  disposed  in  lines  parailel  to  the  fibna,  nl 
these  parallel  vessels  &re  united  at  vintUt 
intervals  by  cross  branches,  which  pui  M 
right  angles  to  the  fibree.  (See  Figi.  4*, 
95,  161,  lt>2,  and  194.)  la  compaund  ur !•■ 
voluted  mucous  membranea,  the  eapiUuici 
It  oitha  <^i-  form  a  plexus  with  more  or  less  cireiltf 
im»™A(U^H^^iu7a  meshes,  which  correspond  in  form  andaiuli 
£d M'd?™i'S°°'"  "**"'  the  arrangement  of  the  membrane — goodn- 
amplcs  of  this  are  found  in  the  mncoia  mmr 
brane  of  the  atomach  and  of  the  intestines  (Fig.  194).  Whn  lltt 
elements  of  the  mucous  membrane  are  prolonged  into  procMMt, 
forming  villi  or  papillce,  each  villus  or  papilla  is  found  to  puMWiili 
plexus  or  system  of  minute  capillary  vessels  (Figs.  161  and  1421 
In  the  simple  raucous  membranes,  and  in  serous  membrant«,  tbi 
plexus  of  capillaries  placed  in  the  submucous  or  subserous  areolv 
tissue  exhibits  large  and  irregular  meshes. 

In  the  compound  tissues  the  capillaries  have  no  direct  T«Utiin 
to  the  ultimate  anatomical  elements — that  is  to  B»y,  these  auutt 
vesficls  do  Bot  ramify  among  the  ultimate  particles  of  the  liancfc 
It  is  with  their  proximato  elements  they  connect  themwin*- 
Thus  in  muscle  the  vessels  lie  between  the  fibres,  and  Are  aeparat*4 
from  the  sarcous  particles  by  the  sarcolemma ;  in  nerve,  in  the  )•■• 
way,  they  are  separated  from  the  nervous  matter  by  the  tnWtf 
membrane  ;  end  in  the  vesicular  matter  they  play  around  the  reiialM 
and  do  not  penetrate  them.  In  moat  of  the  mucous  membnuiee,lkt 
basement-membrane  is  placed  between  them  and  the  epitbo^fSv 
their  nidus  being  the  sub-basement  tissue.  So,  kIso,  with  the  *enMi 
membranes.  In  bone,  the  finest  vessels  are  very  remote  from  alaf|> 
portion  of  the  constituent  osseous  particles ;  ramifying  tbron^ 
Haversian  canals,  they  come  in  contact  only  with  the  osseous  poli- 
cies of  those  layers  which  immediately  invest  each  canal;  ortrili 
the  periosteal  or  medullary  layers.  Vessels  do  not  penetrate  ttii- 
cular  cartilage  at  all,  which  must  therefore  draw  its  nourivhoKDl 
from  the  vessels  of  neighbouring  tissues. 
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The  finest  capillaries,  sscb  as  maj  be  most  easily  examined  in 
•nuMetion  with  the  pia  mater  of  the  braini  appear  to  consist  of  a 


A.  A  capillMT  v«n>  from  th«  Twiealar  nwtter  of  the  bamaa  bvAln.  a.  Bomogeneoiu  wall.  h.  Na> 
^hai  «f  Um  walL    c  Red  bkmd-oorpoiicle. 

B,  C  DUfcrent  appaannen  of  nnall  arteries  and  Tdmof  the  bmnan  pla  mater,  a,  a.  Homogeneoiu  mem* 
iMa  k  *.  ClreolM' tlireii.  e,e.  Oval  nocM  of  IhalnlemBlapitlieliiim,  bare  about  to  eeaaa.  4,€LTrka^ 
«HM  ladkatloM  af  tba  drcttlar  fibre*. 

Bl  OapUlaiy  aztary  Ihmi  the  meseDterj  of  a  rabbits— Magnified  200  dJametera. 

kmnogeneous  tissue,  interrupted  at  short  intervals  bj  nuclei  which 
adhere  tOy  or  are  imbedded  in  the  wall  of  the  vessel.  (Fig.  195^  a.) 
Xbese  nuclei  are  mostly  oval — sometimes  nearly  circular ;  most  of 
Hmd  have  their  long  axes  directed  parallel  to  the  course  of  the 
wsel,  but  some  are  placed  transversely.  In  some  of  these  fine 
MpQlaries,  very  faint  indications  of  a  circular  striation  may  be 


Id  some  larger  vessels,  which  perhaps  may  with  more  propriety 
ta  regarded  as  capillary  arteries,  rather  than  as  true  capillaries,  a 
dbtioct  arrangement  of  circular  fibres  may  be  seen.  These  fibres 
mm  flat,  uniform  in  diameter,  devoid  of  nuclei,  and  in  all  respects, 
hat  this,  resemble  the  unstriped  muscular  fibres. 

It.  had  long  been  a  question  among  physiologists,  whether  the 
capillaries,  had  proper  walls  distinct  from  the  tissues  to  which  they 

a  plied  blood.  The  microscope  has  settled  this  question  in  the 
relative,  for  most  of  .the  tissues  and  organs  of  the  body ;  but  it 
mmj  still  be  doubted  whether  the  finest  capillaries  of  the  liver  have 
wmils  distinct  from  those  cubical  masses  of  epithelium  which  they 
permeate. 

Although  it  is  the  rule  that  an  intermediate  system  of  vessels 
exists  between  the  arteries  and  veins,  we  find  two  remarkable  excep- 
tions to  it.     One  is  in  the  erectile  tissue  of  the  penis ;  the  other  in 
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tbe  titeHoe  circtilatian.  In  both  these  instances,  the 
inuDicatc  directly  with  the  veins.  In  the  penis,  the  ramificaliuiB cf 
the  arteries  pour  their  bloo<l  into  the  cells  of  the  corpora  ckvcitkbi; 
in  the  uterus  the  small  curling  arteries  of  Hunter  open  dirfctlj  iaH 
large  venous  sinuses,  which  in  the  gravid  uterus  form  an  intimiit 
relation  of  contact  with  the  villous  processes  of  the  placenta.  TL«»i 
points  will  he  fully  descrihed  in  the  chapter  on  Generation. 

It  is  not  improhable  that  further  research  may  detect  a  dir« 
communication  between  arteries  anil   veins,  even   in   ti»sne^  tlit 

frcatest  part  of  which  is  furnished  with  a  true  capillary  pleim- 
n  the  cancellated  structure  of  bone,  and  the  diploc  of  tho  axtai 
bones,  it  seems  bighly  probable  thai  the  arteries  cotnmuiuate  ■• 
mediately  with  the  veins  at  many  points.  Mr.  Paget"  dMcribwi 
direct  communication  between  the  arteries  and  veins  of  tbewiDgi/ 
the  hat,  without  any  intermediate  capillary  plexus. t 

Of  the  Heart. — This  hollow  muscular  organ,  which,  like  a  hmtf 
pump,  drives  the  blood  throughout  the  vascular  system,  varieiinili 
constitution,  according  to  the  complexity  of  the  circulatiun,  Erwn 
simple  muscular  tube,  such  as  the  dorsal  vessel  of  inseots,  lo  At 
complex  double  heart  of  man,  with  its  four  cavities  and  its  beantiM 
apparatus  of  valves. 

The  (lorsnl  Tcssel  of  insects  is  the  most  simple  condition  of  tlie  besrt.    ll  «hM 
of  a  muBculnr  tube  provldeil  with  cerlain  valvea,  dispoiied  like  tboB*  ut  i^ti  ll»k 
lifRironlingaii  obetaole  to  the  flow  of  the  blood  in  one  direotinn,  dck'nniiiF  ihi'r<nir>i;i 
whiohit  isjiropelledbjihEeonlnictionorthB  muBculirwftll.nnnieK    ■ 
Si  IB  idtaated  along  the  middle  of  the  back,  irbonce  its  DKioe.      ^ . 
eoirespoad  to  the  Bitttation  of  the  interntd  ralres.  it  eihibilB  <li-' 
Thioli  in  soinc  InsectB  ore  ea  marked,  that  the  veaMl  appnLTB  l(>  i.<  i. 
of  slight];  conical  aegmcnta,  pnrtiolly  shcalhed  one  upon  the  olliti.       y^'-.i..,    — 


*  Lectures  on  InflommHtion. 

-f  The  comrounicntioa  between  arteries  and  Tcitu  b;  ciipillarie»  mu  ml  tea 
lo  Harvej,  In  bia  time,  and  for  a  long  period  afterwarda,  unttomistB  mppHl  <>• 
blood  to  pass  into  the  ptu'enehymB  of  the  tissues,  wbenoe  it  wsa  rcceiveil  or  witkinn 
by  the  Tpins.  Malpight  (about  1887J,  by  microscopic  exnmtnatji>ii,  firni  .I'm-tMnt** 
tlie  intermediate  cnpillBrj  system  in  tiie  Inngs  and  urinary  blniidrr  uf  tb»  "•ft 
Loawenlioek  alterwarda  (1729)  pursued  tbis  investigBtioo,  and  has  gi*tn  natfH* 
iUuBtrationH  of  the  capillaries  examined  in  tr-onsparent  puis  during  life. 

Dr.  Hnles,  in  this  country,  many  years  later  (1709),  gave  a  wry  accnimie  tK^ 

tion  of  these  Tesaela,  and  denied  altogether  the  idea  of  (he  interreation  ofa]**- 

ohyma,  or,  in  biB  own  words,  of  "glandnlar  caTities."     See  his  JJtrm<u<alrh,pW 

{  0.  Tol.  ii.     W.  Cowper,  the  distinguished  myotomist,  also  made  o*  *  '" 

eapillaries  of  tho  transparent  psrts  of  warm-blooded  BDimals,  as  l 

dog,  and  the  omentum  of  a  Gat.      HaDer  threw  great  light  upon  tl 

bis  facts  and  arguments,  settled  the  quesdon  as  to  the  direct  eonlinaity  nf  sf 

Hid  veins.    Subseqoeatly  ( 1 746),  Lieberkiihn  advanced  oar  knowledge  i>f  tke  opi- 

'    laries  by  bia  numerous  ii^coUona,  most  of  whif^h  are  still  extant  at  Vivniia.     Is  ven 

rocent  times,  the  distingoiahed  Procbaskn  seems  to  haie  been  tlie  fir>t  tu  f'lm  t  )mi 

\   Appreeiution  of  the  eiteat  of  the  capiUaries,  and  of  their  exact  relations  lo  the  tlni^ 

r' of  the  tiaaues.     His  description  of  the  dispoaition  of  these  vewels,  bntwtl  ii|iuii  lki» 

[,  amination  of  Licberkuhn'a  and  his  own  injections,  can  scarcdy  be  surpasMil  ia  it) 

Slaent  day.     See  the  9th  chapter  (rfe  p<uu  tagiiiit.  eapiltar  )  of  bia  Clis'inlrilio  ii*- 
ys.  Oj^nismi  Corporis  Hum.  ^usque  ProccaBua  Viulia.  Vienna,  I(ilS.    BfW 
H^Meed  [  ISO] ),  had  erected  these  teaaolB  into  a  ayatem  inlMnediats  to  that  <if  Ih 
arteries  and  of  the  veins,  but  no  anatomist  who  compares  Uio  deacriptioRi  if  Hirm 
writers  will  hesitate  to  give  to  the  former  the  merit  of  a  more  inliraatc  prarltcBl  In-"' 
edge  of  the  anatomy  of  these  vesatia. 
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,  10  propelled  to  tlie  bead  through  a  tubular  prolongation  of  the  dorsal  Teasel, 
1  corresponds  to  the  aorta;  this  divides  into  numerous  branches,  which  soon  lose 
selves  in  the  areolfe,  or  diffused  sinuses,  which  occupy  the  spaces  between  the 
sa  of  the  insect ;  from  these  sinuses,  as  from  veins,  the  blood  is  returned  to  the 
,  and  enters  that  tube  at  several  points,  at  its  posterior  or  caudal  extremity,  as 
IS  at  several  apertures  which  are  found  on  each  side  of  the  dorsal  vessel,  near  the 
B  of  attachment  of  the  valves. 

Crustacea,  the  heart  is  likewise  of  a  very  simple  form.  In  some  of  the  lower 
;acea  it  is  simply  a  muscular  vessel,  as  in  insects ;   in  the  higher  animals  of  this 

as  in  crabs  and  lobsters,  it  forms  a  distinct  muscular  cavity,  or. ventricle,  giving 
1  to  arteries,  and  picrcefl  by  several  venous  orifices  through  which  the  blood  is 
xl  from  the  large  venous  sinuses  which  receive  it  on  its  return  from  the  body, 
situated,  as  in  insects,  beneath  the  enlargement  of  the  back, 
the  MollViscous  classes  the  heart  still  retains  great  simplicity  of  structure.  In  the 
it  of  these,  as  Tunicata,  it  is  still  a  muscular  vessel,  propelling  the  blood  through 
lea  which  ramify  on  the  respiratory  organ,  whence  it  is  taken  up  by  veins,  and 
ned  to  the  heart.  In  the  compound  Ascidians,  we  meet  with  the  remarkable 
>mcnon  of  the  oscillation  of  the  currents  of  the  circulation,  under  the  influence  of 
Dge  in  the  direction  of  the  peristaltic  contractions  of  the  heart. 
the  .Acephalous  mollusks,  we  first  observe  the  subdivision  of  the  heart  into  two 
aitmeuts,  or  cavities;-  an  auricle  which  receives  the  blood  from  the  veins  and 
mits  it  to  a  fusiform  ventricle  which  drives  it  to  the  various  parts  of  the  body.  In 
f  the  most  highly  organized  of  the  Acephalous  mollusks,  Venut  chioTie,  Professor 
t  describes  two  auricles,  which  receive  the  blood  from  the  veins  of  the  gills,  and 
mit  it  to  the  single  fusiform  ventricle,  which  is  perforated  by  the  rectum ;  and  in 
enus  Area,  the  ventricle  is  divided  into  two  cavities,  having  the  rectum  in  the  inter- 
t.  An  artery  is  continued  from  each  extremity  of  the  ventricle,  which  distributes 
izygenated  blood  over  the  viscera,  the  muscular  system,  and  the  mantle.  The 
>of  the  Gasteropoda,  likewi&e,  consists  of  a  single  ventricle,  which  propels  the  blood 
t  viscera  ancLthe  muscular  system  of  the  body,  and  receives  it  from  the  branchiae 
le,  and  sometimes  by  two,  auricles. 

the  Cephalopoda,  the  most  highly  organized  mollusks,  the  general  plan  of  the 
.  is  the  same  as  in  the  Gasteropoda.  The  venous  blood  is  received  from  all  parts 
»  body  by  great  venous  sinuses,  which  also  take  up  the  blood  from  the  gills;  these 

communicate  with  the  heart,  which  consists  of  a  single  cavity,  whence  arise  the 
nain  arteries  of  the  body,  called  the  superior  and  inferior  aorta. 

Fishes,  the  heart  consists  of  two  cavities ;  one,  large,  loose,  and  thin-walled, 
1  receives  the  venous  blood — the  auricle;  the  second,  thick  and  fleshy — the  ten" 

whence  an  artery  springs,  the  first  portion  of  which,  dilated  and  surrounded  by 

muscular  fibres,  constitutes  what  is  called  the  aortic  bulb, 

the  Batrachian  reptiles  there  are  two  auricles,  one  which  receives  the  blood  from 
elna  of  the  body — the  tyttemic  auricle ;  tlie  other,  which  receives  it  from  the  lungs 
mkmmk  auricle.  Both  auricles  communicate  with  a  single  ventricle,  whence  the 
I  18  propeUed  throughout  the  body,  as  well  as  to  the  lungs.  In  Serpents,  the 
;  presents  a  similar  structure ;  but  in  the  Python  the  ventricle  is  divided  by  an 
rfect  septum  into  two  chambers,  one  of  which  communicates  with  the  aorta, 
other  with  the  pulmonary  artery.  In  the  Saurian  reptiles,  likewise,  there 
wo  auricles,  and  a  ventricle,  which  latter  is  subdivided  into  two  or  more  cavities, 
nmicating  with  each  other,  and  with  certain  arteries  which  spring  from  them — 
itiDg  4n  the  American  alligator  ( Crocodilue  luciue)^  in  which  the  existence  of  a 
i«t  septum  creates  two  distinct  ventricles. 
Birds  and  Mammals,  the  heart  exhibits  its  highest  development,  consisting,  as  it 

of  two  auricles  and  two  ventricles,  separated  by  a  complete  septum ;  each  auricle 
Aimieating  with  its  proper  ventricle,  and  each  ventricle  giving  rise  to  an  arterial 
c 

lie  human  heart,  in  the  adalt  subject,  occupies  an  oblique  posi- 
in  the  thorax.  Its  apex  is  directed  downwards,  forwards,  and 
he  left  side,  and  in  the  quiescent  state  corresponds  to  the  inter- 
between  the  fifth  and  sixth  ribs.  Its  base  corresponds  to  the 
rval  between  the  third  or  fourth,  and  the  eighth  dorsal  vertebrae, 
a  which  it  is  separated  by  the  parts  contained  in  the  posterior 


TU£  ClItCtTLATION  OF  TUG  BLOOD. 


mediastiniiin.     The  base  of  the  heart  corresponda  in  frontn 
Bternum,  at  about  the  level  of  the  cartilage  of  the  third  rib. 

Tiie  weight  of  the  humao  heart  in  the  adult  is  aboat  11  en 
for  the  male,  and  9  ounces  for  the  female  (John  Reid). 


The  two  great  arteriee,  the  aorta  and  pulmonary  arteries, 
'roui  the  base  o"  '     '  "  "" 

by  the  auricleB. 


from  the  base  of  the  heart  in  front.     Posteriorly,  the  baM 


es,  xprw 
UfonMl 


Both  the  anterior  and  the  poBterior  surfacea  of  the  heart  are  UtiM 
into  two,  by  means  of  a  groove  which  corresponds  to  the  utemi 
and  posterior  margins  of  the  septum  of  the  ventricleii,  and  vlul 
passes  from  base  to  apex.  The  anterior  groove  contains  the  lA 
coronary  artery  and  vein;  the  posteriorj  the  right  coronary utnj 
and  vein.  These  are  accompanied  by  nerves.  A  transverse  cfwt 
of  considerable  depth  separates  tbe  auricles  from  tht*  Tcnliicln;  il 
contains  the  coronary  vein.  All  the  grooves  contain  agrciurs 
leas  quantity  of  fat,  which  envelops  the  vessels  and  nermltflpJ 
in  tbptn. 

Of  the  four  cavities  of  the  human  beart,  a  ventricle  and  anri^ 
are  oo  each  side  of  the  median  groove.  The  ventricles  are  cuw- 
shaped  cavities,  their  apices  being  directed  towards  the  apei  of  tU 
heart,  their  bases  corresponding  to  Ihe  auricles.  The  left  vcWTidi 
forms  the  apex  of  the  heart.  Wben  the  right  ventricle  i»  diUl«4, 
its  wall  extends  to,  and  contributes  to  form,  the  apoK.  Each  n«> 
tricle,  when  laid  open,  exhibits  two  distinct  parts;  one,  which «)»■ 
muDicatcB  with  the  auricle  by  a  large  and  free  aperture,  called  tin 
auricvlo-ventricular  onfii:e,  through  which  the  bloo<l  pnsseH  fron  ibt 
auricle  into  the  ventricle;  the  other,  called  the  iN/un<fi£<t/iM,  * 
funnel-shaped  channel,  which  leads  to  the  artery,  and  tlirougb  «kicb 
the  blood  is  propelled  into  it  from  the  cavity  of  the  ventricle. 

The  Fatveg  of  the  Heart. — The  a nriculo- ventricular  orifio«  « 
each  side  is  guarded  by  certain  valves  which,  when  not  in  tMM, 
lie  in  the  ventricle.  The  valve  of  the  leftside  consists  of  two  trtia- 
gular  curtains,  from  the  free  margin  and  part  of  the  venlrirtlir 
surface  of  which  tendinous  chords  (chonice  tendiiieee)  pass  to  wri^ 
points  of  the  wall  of  the  ventricle.  The  buses  of  these  conaiwa" 
attached  along  a  fibrous  zone,  which  separates  th«  auricle  fromih 
ventricle.  This  valve  is  known  by  the  name  of  the  tiiitnii ralrt, 
and  the  orifice  is  called  the  mitral  orifice;  the  lurger  curtain tti^ 
which  separates  the  infundibulnm  from  the  body  of  the  VBtiind*- 
The  valve  at  the  right  auriculo-ventricular  orifice,  consists  of  thfM 
portions,  each  having  a  pointed  free  extremity  cxtondioE  intol^ 
ventricle,  and  connected  to  its  wall  by  tendinous  cords,  neuceti"" 
is  called  the  tricuspid  valve.  The  base  of  each  segment  corre»p«>J< 
to  the  fibrous  aone  which  intervenes  between  the  nuricle  milwB- 
tricle.  Of  the  three  curtains,  of  which  the  tricuspid  valve  coiwA 
the  largest  is  anterior,  and  the  next  in  size  correspondA  to  tit*  it- 
fundihiiliim  of  the  ventricle. 

At  each  of  the  arterial  orifices  of  the  ventricles  there  an  dn* 
valves  of  semilunar  form  (Fig.  199),  which  effectually  cloM  ll" 
moutl)  of  the  Hrtery  against  the  regurgitation  of  blood  into  the  n> 


CAVmSS  AND  VALVES  OP  THE  HEART.  665 

ide.  Each  of  these  valves  has  a  convex  border  attached  along 
a  fibrous  zone,  which  connects  the  artery  to  the  infundibulum  of 
e  ventricle  ;  and  a  free  concave  border  divided  by  a  small  round 
dy  of  fibrous  tissue  {corpus  Arantix)  into  two  equal  portions.  As 
e  blood  flows  from  the  ventricle,  these  valves  lie  up  against  the 
ill  of  the  artery ;  but  immediately  the  blood  regurgitates  towards 
e  ventricle,  they  are  pushed  by  it  in  towards  the  mouth  of  the 
tery ;  and  their  free  margins,  as  well  as  a  considerable  portion  of 
eir  ventricular  surfaces  coming  into  close  apposition,  an  effectual 
xrier  is  formed  against  the  return  of  the  blood.  The  semilunar 
Ives  of  the  aorta  are  essentially  the  same  in  all  points  of  form 
id  structure  as  those  of  the  pulmonary  artery ;  but  those  of  the 
rta  are  the  stronger. 

The  inner  surface  of  the  wall  of  the  central  cavity  of  each  ven- 
tele  is  marked  by  very  numerous  fleshy  columns  {camese  columnar) 
uch  project  from  it  in  relief.  There  are  three  orders  of  them  ; 
St,  the  simple  column  in  relief,  which  adheres  throughout  its  whole 
tigth  to  the  wall  of  the  ventricle ;  secondly,  the  column,  attached 
each  extremity,  but  free  in  the  interval,  so  that  a  probe  or  other 
iirament  may  be  passed  beneath  its  middle  part ;  and  thirdly,  the 
lomn  attached  at  one  extremity  to  the  wall  of  the  ventricle,  and 
ogecting  into  its  cavity  by  the  other ;  these  last  are  distinguished 
im  the  others  by  the  name  of  musculi  papillares  ;  the  chordse 
iidineae  spring  from  their  free  extremities,  and  are  inserted  into 
e  mitral  and  tricuspid  valves,  and  one  or  two  into  the  wall  of  the 
utricle.  The  infundibular  portion  of  the  ventricle  is  perfectly 
looth  on  its  inner  surface,  and  quite  free  from  columnae  carneae. 
The  auricles  are  thin-walled  muscular  bags,  of  irregular  somewhat 
boidal  shape.  Each  communicates  by  a  wide  orifice,  with  its  cor- 
■ponding  ventricle,  and  is  separated  from  its  fellow  by  a  thin  fleshy 
ptam,  which,  at  its  middle,  is  so  thin  as  to  be  translucent.  At 
18  situation  an  orifice  existed  during  intra-uterine  life,  through 
neh  a  communication  took  place  betweeii  the  auricles  (foramen 
mUj  or  Botalli).  Each  auricle  has  two  distinct  portions;  the  sinus 
MMiM,  which  forms  by  far  the  greater  portion  of  the  bag,  and  the 
ijper  auricle^  or  auricular  appendage,  which  appears  like  an  off- 
mi  from  the  former,  somewhat  in  the  shape  of  a  dog's  ear,  pro- 
ating  forwards  on  each  side  of  the  aorta  and  pulmonary  artery. 
km  veins  pour  their  blood  into  the  sinus  venosus ;  the  auricular 
ipi^ndage  receives  no  bloodvessels,  but  its  cavity  communicates  with 
ftt  of  the  sinus  venosus.  The  right  auricle  receives  the  two  great 
ins  of  the  system,  and  the  great  venous  trunk  of  the  heart,  the 
ronary  vein.  The  superior  vena  cava  opens  into  the  upper  angle 
tiie  right  auricle,  passing  downwards  and  forwards ;  the  inferior 
ivft  opens  into  its  lower  angle,  passing  upwards,  backwards,  and 
wards.  The  coronary  vein  opens  between  the  mouth  of  the  infe- 
>r  cava  and  the  auriculo-ventricular  orifice. 
On  laying  open  the  right  auricle,  by  an  incision  extending  between 
e  two  venae  cavae,  an  intricate  arrangement  of  muscular  bundles, 
Ued  mtuculi  pectinati,  may  be  seen  on  its  outer  wall.  These  fleshy 
43 
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columns  interlace  freely  with  each  other.  On  the  septum  a  depre^ 
sion  exists  about  its  middle,  called  the  fossa  ovalis^  nearly  sarroandrf 
by  a  thick  fleshy  ring  called  the  annulua  ovcUis.  This  marb  tb 
situation  of  the  orifice  already  alluded  to,  which  existed  dariig 
intra-uterine  life — i\kQ  foramen  ovale. 

To  the  left  of  the  orifice  of  the  inferior  vena  caya,  there  is  a  nl* 
vnlar  process  which  is  another  remnant  of  a  mechanism  adapted  to 
the  circulation  through  the  heart  in  intra-uterine  life.  This  is  tlw 
Eustachian  valve,  ic  is  a  process  of  the  inner  membrane  cf  tlie 
auricle,  of  semilunar  shape,  which  projects  between  the  vena  ca« 
and  the  auriculo-ventricular  orifice,  and  in  the  foetus  served  to  direct 
the  ascending  current  of  blood  through  the  foramen  ovale  into  tbe 
left  auricle.  The  orifice  of  the  coronary  vein  is  guarded  by  a  emaD 
valve  called  the  valve  of  Tkebesius.  Several  small  orifices  are  sen 
scattered  over  the  inner  surface  of  the  right  auricle,  called /ortnuMi 
Thehesii;  some  of  these  are  the  openings  of  small  veins  from  tb 
wall  of  the  auricle ;  others  merely  lead  into  depressions  betieea 
the  muscular  fibres  of  the  auricular  wall. 

Four  veins  pour  their  blood  into  the  left  auricle  ;  these  are  tb 
right  and  left  pulmonary  veins,  two  on  each  side.  The  left  leiM 
open  quite  close  to  each  other.  The  left  auricle  is  placed  in  tb 
concavity  of  the  aorta,  and  has  lying  in  front  of  it  the  roots  of  botk 
the  aorta  and  the  pulmonary  artery. 

The  inner  surface  of  the  left  auricle  is  perfectly  smooth,  wnsA 
with  an  opaque  lining  membrane,  which  appears  somewhat  tU^ 
than  that  of  the  right  side.  There  is  no  appearance  of  moseDE 
pcctinati  in  the  left  sinus  venosus ;  a  few,  however,  exist  ontheinotf 
wall  of  the  auricular  appendage.  Here  and  there  some  orifices  are 
seen,  leading  to  depressions  in  the  wall  of  the  sinus  venosos.  Ob 
the  left  side  of  the  septum,  between  the  auricles,  we  observe  tncfi 
of  the  valve-like  portions  of  the  septum,  which  formed  the  immediate 
boundary  of  the  foramen  ovale  during  foetal  life. 

Of  the  Pericardium  and  Endocardium, — The  heart  is  incloie<l 
in  a  fibrous  bag,  the  fibrous  pericardium,  which  is  closely  adliewci 
below,  to  the  central  tendon  of  the  diaphragm,  and  above,  beo^ow 
continuous  with  the  external  tunic  of  areolar  tissue,  which  inre?« 
each  of  the  large  arterial  and  venous  trunks  that  connect  themselrfj 
with  the  heart.     This  bag  serves  to  fix  the  position  of  tlie  bf*^** 
and  to  prevent  any  sudden  or  extensive  displacement,  which  ini;''[ 
interfere  with  its  proper  action.     It  consists  almost  exclusivel/f' 
white  fibrous  tissue. 

Within  this  fibrous  bag  is  a  serous  membrane,  the  serous  p^^^ 
diu77i,  which  resembles  in  all  points  of  arrangement  and  strortBTf 
the  other  membranes  of  its  class.  One  portion  of  it  inve*» tii^ 
internal  surface  of  the  fibrous  pericardium,  while  the  otber  w^ 
the  heart,  the  line  of  reflection  passing  over  the  great  vessels  i*^"* 
base  of  the  heart. 

The  cavities  of  the  heart  are  lined  by  the  endocardium,  a  ^j 
brane  continuous  with  and  closely  similar  to  the  lining  lucinl^raW''      < 
arteries  and  veins.     It  consists  of  a  layer  of  epithelium  pUcfJ*^"* 
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am  of  fine  fibres  which  exhibit  minute  wavings.  The  epithe- 
appears  to  be  extremely  delicate,  but  the  same  in  all  its  cha- 
ors  as  that  of  the  bloodvessels.  It  is  so  delicate,  that  to  be 
satisfactorily  it  must  be  examined  in  animals  just  killed.     We 

Fig.  196.  Fig.  197. 


c3 


^pltlMlimn  ftom  the  left  Auride  of  the  bone  £pitlieUain  from  the  left 

■nulled  200  dJanu.),  showing  the  two  forms  rentride    of    the    horse. 

t  frtjdei,  the  roond  and  the  pointed.  . «— Megnlfled  dOO  disms. 

rve  two  forms  of  epithelial  particles,  one  soft,  rounded,  and 
dar,  the  other  somewhat  compressed,  and  drawn  out  at  opposite 
\  into  pointed  or  fibre-like  processes  (Fig.  196).  It  is  difficult 
ttermine  the  precise  relative  position  of  these  two  forms  of  epi- 
nm^but  it  seems  probable  that  the  pointed  processes  are  the  more 
^seated,  and  are  in  immediate  contact  with  the  subjacent  fibrous 
r,  which  here  corresponds  to  the  basement-membrane  beneath 
fpthelium  of  serous  and  mucous  membranes, 
le  endocardium  of  the  left  auricle,  and  of  the  septum  and  auri- 
'  appendage  of  the  right  auricle,  is  thicker  and  denser  than  that 
her  parts  of  the  heart.  This  is  due  to  an  increased  development 
le  fibrous  layer  beneath  the  epithelium,  especially  of  its  yellow 
mt.  The  precise  meaning  of  the  greater  thickness  of  endo- 
ivm  in  these  parts  of  the  heart  is  far  from  obvious. 
f  the  Structure  of  the  Valves  of  the  Heart, — The  valves  of  the 
t  are  formed  by  processes  of  fibrous  tissue  covered  by  epithelium. 
peoi  the  auricle  and  ventricle,  as  well  as  at  the  mouths  of  the 
I  and  the  pulmonary  artery,  there  are  remarkable  developments 
Ibous  tissue.  Interposed  between  each  auricle  and  ventricle 
( is  a  fibrous  zone,  or  ring,  to  which  the  muscular  fibres  of  the 
f^  adhere  on  the  one  hand, 
Ihose  of  the  ventricle   on  F*g-  1^^- 

lAlier,  The  fibrous  tissue  is 
liDged  inwards  towards  the 
f  of  each  ventricle,  so  as  to 

^llree  curtains  on  the  right  a  portion  of  the  eortlo  semUoimr  TmlTe  in  the 
^*>i..M.fl^:^  »»1»^\  «•»,!  4.«,r»  «-•»  dojf-  «•  Sur&oe  of  the  ralre.  b.  Nudei  of  the 
vlenspia  valve),  and  two  on      epithelium  seen  on  its  margin. 

ft  (the  mitral  valve).  These 

1^  are  continuous  with  the  chordae  tendinse,  which  appear  to  be 
^  into  them  at  their  margins,  and  at  various  distances  from 
^x^  the  surface  next  to  the  ventricle,  but  not  at  all  on  that 
Corresponds  to  the  auricle.     They  are  covered  on  both  surfaces 
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by  epithelium,  whicli  likewise  extcnJB  over  each  of  the  cIiBrf** 
dineEC.     The  fibrous  tissue  at  the  orifice  of  the  pofmoam  irun. 
as  well  &e  at  thai  «F  ih 
Fig- 1™-  aorta,  consists  oftira 

corda  arranged  u  ibM 
festoons  continnon  ili 
one  another,  ibvcosn^ 
of  each  being  dinM 
towards  the  nmscBbf 
BUG  of  the  infuiuIiU 
of  the  Teutriclc,  tri  it 
coDcavitj  to  itiB  ifin 
On  the  rigbi  iuJb,  il 
muscular  fibres  of  lb* 
fundibulum  iihrn  1 1 
Bmal!  portion  of  the  centre  of  the  convexity  of  eacti  of  tlM  fe- 
toons,  and  the  circular  fibrous  coat  of  the  artery  tetmi  Mj 
attached  to  the  whole  extent  of  the  concavity.  On  the  Itfi  «iJ*ii 
fibrous  festoons  are  connected  partly  with  the  muscular  fibw rffc 
ventricle,  and  partly  with  the  base  of  the  inner  curtain  of  liiii" 
valve.  The  process  of  fibrous  tissue  extends  from  eifli  ft** 
towards  the  mouth  of  the  artery,  forming  s  loose  semilanar  nm 
which  is  the  baaia  of  tho  valve.  Each  of  these  curtains  praiW* 
convex  attached  border,  and  a  concave  free-  border,  iniempteiS 
its  middle,  or  bisected  so  as  to  form  two  concave  borders,  l)*»''p' 
thickening  of  the  fibrous  tissue,  which  forms  a  small  spbenc^  W 
called  the  corpus  Aratttii ;  it  also  has  a  convex  surfawJin** 
towards  the  ventricle,  tw^i** 
cave  surface  directed  WfB*" 
artery.  The  hnndlee  of  fiw 
which  constitute  ihis" 
of  each  valve  are  diB| 
toons,  some  narallel 
festoon  of  tlic  attaci 
others,  and  the  great 
parallel  to  tho 
borders  on  each  side  of  the  corpus  Arantii,  The 
attached  border  of  the  valve  are  considerably  more  dei 
those  near  its  free  margin.  Indeed,  for  a  space  of  abort 
.four  linos  from  the  edge  of  the  valve,  the  fibrous  tissue  if 
thin,  and  almost  transparent.  It  is  at  this  part  of  their 
surface  that  the  valves  come  in  contact  when  they  close' 
orifices,  forming  a  mutual  support  to  each  other,  and 
main  stress  of  the  backward  pressure  of  the  column  of 
artery,  to  be  borno  by  that  portion  of  each  valve  whici 
between  this  and  its  attached  border.  Hence  the  great 
of  the  fibrous  basis  in  thia  situation.  It  is  worthy  of 
the  tissue  of  the  endocardium  is  nearly,  if  not  complelel] 
with  the  inner  longitudinal  fibrous  tunic  of  arteries:  •' 


Fig.  200. 
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ins  the  close  similarity  between  the  diseased  states  of  the  arte- 
issue,  and  those  of  the  endocardium  and  the  heart's  valves. 
ujhanism  of  the  Valves. — The  valves  are  closed  by  the  mere 
lulic  pressure  of  the  blood.  When  the  blood  accumulates  in 
entricles,  it  pushes  up  the  auriculo-ventricular  valves  towards 
uricle  until  their  several  portions  come  in  contact  with  each 
,  and  close  the  orifice.  But  the  simj^le  contact  of  the  curtains 
ese  valves  with  each  other,  would  not  prevent  regurgitation ; 
le  same  hydraulic  pressure  which  brings  them  in  contact  would 
them  into  the  auricle,  were  it  not  that  their  margins  are  con- 
id  with  the  walls  of  the  ventricle  and  the  musculi  papillares,  by 
18  of  the  chordae  tendinese.  When  the  ventricle  contracts,  it 
B  firmly  by  means  of  the  chordae  tendineae  upon  the  valves,  and 
nly  keeps  them  closed,  but  causes  them  to  exercise  a  considera- 
ressure  on  the  blood,  which  promotes  its  onward  flow  into  the 

Lus,  by  the  attachment  of  the  chordae  tendineae  to  the  several 
.ins  of  the  valves,  not  only  is  regurgitation  of  the  blood  op- 
I,  but  every  part  of  the  surface  of  each  curtain  is  made  to 

upon  the  blood,  with  a  force  equal  to  that  of  the  contraction 
be  ventricle,  and  to  aid  in  propelling  it  through  the  artery. 
Id,  however,  any  imperfection  of  the  valve  exist,  as  by  the  im- 
€t  apposition  of  its  several  portions,  a  chink  remains  between 
margins,  and  regurgitation  takes  place  to  a  degree  proportionate 
9  size  of  the  chink. 

e  semilunar  or  arterial  valves  are  closed  in  their  turn  by  the 
wre  of  the  blood  from  the  artery,  backwards,  towards  the  heart. 
dood  forcibly  driven  back  by  the  elastic  reaction  of  the  arterial 

Blips  betjveen  the  wall  of  the  artery  and  the  valves,  at  the 
HB  of  Valsalva,  and  throws  the  latter  inwards,  causing  them  to 
And  close  the  arterial  aperture,  thereby  preventing  regurgita- 
ato  the  ventricle.  Thus  the  force  by  which  the  arterial  valves 
osed,  being  the  elastic  reaction  of  the  arterial  walls,  excited 
d  expulsive  force  of  the  ventricle,  bears  a  constant  ratio  to  the 
KHile  power  of  the  wall  of  the  heart,  and,  therefore,  the  degree 
^on  of  the  semilunar  valves,  and  the  sound  which  it  develops 
Boond  sound  of  the  heart),  enables  us  to  form  an  estimate  of 
^ulsive  force  of  the  ventricle,  which  is  often  of  great  value 
*ctice. 

the  Muscular  Tissue  of  the  Heart. — The  heart  is  composed 
Vcular  fibres  of  very  various  sizes.     In  all  essential  points  of 

Ire,  these  fibres  resemble  very  closely  the  striped  fibres  of 
emal  muscles,  differing  from  them,  however,  in  the  extreme 
JT  of  the  sarcolemma.  They  interlace  with  each  other  in  an 
^te  manner,  and  assume  opposite  directions  on  different  planes, 
'orming  a  complicated  interlacement  of  fibres,  which  adds 
y  to  the  power  of  resistance  possessed  by  the  organ.  By  this 
^Cement  the  fibres  of  the  heart  adhere  to  each  other,  for  be- 
^hem  there  is  little  or  none  of  that  areolar  tissue  which  exists 
^derable  quantity  in  the  external  muscles,  and  unites  their 
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fibres  and  faecicles  together.  This  interlacement  takes  pl«»  m- 1 
spective  of  any  subtlivision  of  the  fibres.  Nevertheless,  it  hM  fr  | 
cently  been  noticed  by  Kolliker  and  other  good  observers,  ihit  * n 
anastomosia  does  take  place  between  adjacent  fibres  by  tlie  bnn^ 
of  each  fibre,  and  the  fusion  of  neighbouring  branches,  A  sMMtta 
gimilar  branching  and  anastomosis  of  the  ultimate  mnBCnW  fid 
has  been  observed  at  the  surface  of  the  tongue,  an  orgu  nt  lUd 
the  muscular  structure  ia  not  unlike  that  of  the  heart. 

The  complicated  disposition  of  the  fibres  of  the  heart  on  difcw 
planes  has,  no  doubt,  the  object  of  strengthening  the  nllit/il 
cavities,  and  insuring  a  uniformity  and  synch ronousness  in  Atv* 
traction  of  all  its  fibres.  This  arrangement  belongs  paTtienltrif  K 
the  ventricles,  where  such  a  mode  of  action  is  most  neede<).  Iti^ 
be  best  demonstrated  on  hearts  which  have  been  subjectt^l  loh^ 
boiling.  By  this  process  the  fibre  is  hardened,  and  may  tw  irrfh 
torn  in  the  direction  of  its  Course,  and  thus,  by  a  little  aM 
manipulation,  the  connection  of  the  fibres  and  bundles  of  Gbmi^ 
be  unravelled. 

The  ventricles  arc  covered  by  a  thin  layer  of  fibres  conmw  » 
both.  These  may  be  traced,  apparently  emerging  from  the  tja. 
and  spreading  out  over  the  anterior  as  well  as  the  posterior  aHm 
of  the  heart.  At  the  apex,  these  fibres  pass  ia  to  form  a  conwM 
with  the  fibres  which  form  the  innermost  layer  of  the  wall  rf(»d 
ventricle ;  from  the  same  point  these  superficial  fibres  pass  obliqselj, 
those  of  the  posterior  surface  from  right  to  left ;  those  of  tlw  »ii» 
rior  surface  rather  in  the  direction  from  left  to  right.  At  tha  tr»- 
verse  fissnre,  they  sink  in  to  attach  themselves  to  the  fibroBi  nK 
which  separates  auricles  from  ventricles.  According  to  Kat«ii»- 
mists  (Reid  and  others),  many  of  the  superficial  fibres  do  dM  p» 
beyond  the  anterior  longitudinal  fissure,  but  sink  into  and  I 
incorporated  with  those  of  the  septum. 

If  the  fibres  of  the  apex  be  traced  inwards,  they  arc  ftmi  * 
penetrate  so  as  to  form  the  innermost  layers  of  the  walb  of  th 
ventricle,  contributing  likewise  to  form  the  carneoe  colamBft  uJ 
becoming  attached  to  the  fibrous  structures  of  the  ventricle,  boli  H 
the  chordae  tendinece,  and  the  auriculo-ventricular  Eone.  Soum  rf 
these  fibres  serve  to  connect  opposite  walls  of  the  heart :  this.  iW 
deep  layer  of  fibres  of  the  posterior  wall  of  the  heart  recei»w  Sin* 
from  the  superficial  layer  of  the  anterior  wall,  and  reciprocallT  ih 
superficial  layer  of  the  posterior  wall  contributes  to  the  deep  «w 
of  the  anterior.  But  others  of  the  superficial  fibres  are  contiuMf 
with  the  deep  fibres  of  the  same  wall.  These  are  the  fibres  tUA 
in  passing  from  the  superficial  to  the  deep  portion  of  the  wall,  iwh 
a  remarkable  turn  in  figure  of  8,  of  which  the  lower  portion  btwy 
small,  as  described  and  figured  long  ago  by  Lower. 

Between  the  superficial  and  the  deep  or  reflected  portion  tt  tW 
ventricular  fibres,  are  some  which  have  been  deBcribed  a*  the  pr*r«f 
fibres  of  the  ventricles  ;  these  pass  round  each  ventricle  in  i  fif* 
lar  direction,  some  obliquely,  some  at  right  angles  to  its  «» ;  <*«? 
form  a  sort  of  hollow  cylinder  for  each  ventricle,  which  is  ■lt»ii*i 
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'6  to  the  fibrous  zone  of  the  auricles,  and  is  open  below  towards 

spex.     On  the  right  side,  a  smaller  nnmber  of  circular  fibres 

ibrace  the  infundibular  portion  of  the  ventricle,  attaching  them- 

Ives  to  the  fibrous  festoons  of  the  pulmonary  artery. 

Of  the  Muscular  Fibres  of  the  Auricles. — In  the  auricles,  we 

id  a  common  and  a  proper  set  of  fibres.     The  former  may  be 

led  along  the  anterior  surface  of  both  auricles,  embracing  them 

:e  a  belt,  but  not  extending  round  to  the  posterior  surface.     The 

are  arrapged  in  several  circular  or  spiral  bands,  some  of  which 

Spring  from  the  auriculo-ventricular  zone,  and  return  to  it  again, 

envelop  the  auricle  before  and  behind,  passing  sometimes  at 

it  angles  to  it,  sometimes  obliquely;  others  pass  round  the  auricle 

horizontal  direction,  and  parallel  to  the  auriculo-ventricular 

me.    Each  of  the  venous  orifices  of  the  auricles  is  surrounded  by 

■^1  series  of  circular  fibres  (sphincter-like)  which  are  continued,  as 

ndready  referred  to,  to  a  considerable  distance  along  the  trunks  of 

tiie  veins,  retaining  in  this  latter  situation  just  the  same  character 

As  at  the  auricle  itself.     This  is  a  good  situation  for  seeing  the 

Immching  and  anastomosis  of  the  fibres. 

JSutriiion  of  the  Heart. — The  heart  is  nourished  by  blood  derived 

-  ftom  the  aorta.     Its  arteries,  the  right  and  left  coronary  arteries, 

the  first  branches  which  spring  from  the  aorta.     They  leave  that 

I  just  beyond  the  margins  of  the  semilunar  valves.     The  right 

18  along  the  circular  groove  between  the  auricles  and  ventricles, 

and  sends  a  branch  down  the  posterior  median  groove  to  the  apex  ; 

ilie  left  passes  along  the  anterior  median  groove,  anastomosing  at 

^ -tiie  apex  with  the  latter  branches.     Corresponding  with  the  small 

. .  ttie  and  the  oblique  direction  of  the  heart's  fibres,  are  an  extreme 

iJ  doeeness  and  an  everywhere  oblique  sloping  of  the  capillary  network. 

p  From  this,  venous  radicles  are  formed  at  various  points,  and  unite 

into  large  veins,  which  are  found  in  the  grooves  of  the  heart  accom- 

:^^  jMUiying  the  arteries ;  these  veins  terminate  in  the  coronary  vein, 

'-•  which  is  lodged  in  the  right  portion  of  the  circular  groove,  and 

.«  (qie&8  into  the  right  auricle,  close  to  the  orifice  of  the  inferior  vena 


Nerves. — The  nerves  of  the  heart  are  derived  from  the  cardiac 
branches  of  the  pneumogastric  nerve,  and  from  the  sympathetic. 
These  nerves  form  by  their  frequent  anastomosis  a  plexus  called  the 
eardiae  plexus.  It  is  situated  upon  the  aorta  and  pulmonary  artery, 
jnat  as  they  have  issued  from  their  respective  ventricles,  and  is  com- 
monly described  as  consisting  of  two  portions — the  superficial  cardiac! 
pkxuSj  which  corresponds  to  the  concavity  of  the  arch  of  the  aorta, 
and  lies  in  front  of  the  right  branch  of  the  pulmonary  artery ;  and 
the  deep  cardiac  plexus^  which  is  much  the  larger  portion,  and  lies 
behind  the  arch  of  the  aorta,  between  it  and  the  bifurcation  of  the 
trachea.  To  the  formation  of  these  plexuses,  branches  derived  from 
the  vagus  and  the  sympathetic  on  both  sides  contribute. 

The  greatest  part  of  the  nerves  which  emanate  from  these  plexuses 
entwine  round  and  accompany  the  right  and  left  coronary  arteries, 
forming  the  anterior  and  posterior  coronary  plexuses.     From  these, 
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nerves  pass  to  the  auricles  and  ventricles,  but  chiefly  to  the  httcr. 
A  ganglion,  described  first  by  Wrisberg,  and  called  after  him  gi^ 
glion  cardiacum  Wrisbergiij  is  generally  found  in  front  of  the  left 
auricle,  and  behind  the  aorta.  Scarpa  has  also  described  ganglifon 
enlargements  of  the  nerves  on  the  anterior  surface  of  the  ventrido, 
to  one  of  which,  situated  on  the  anterior  surface  of  the  horse's  beirti 
half-way  down  the  anterior  groove,  he  refers  under  the  nime  rf 
*'  cardiaci  sinistri  ganglion  insignc."'*'  It  is  probable,  howew, 
that  none  of  these  latter  enlargements  are  truly  ganglionic  in  thdr 
nature. 

Rcmak  describes  numerous  microscopic  ganglia  on  the  nerres  of 
the  heart  of  the  calf.  We  have  seen  some  of  these  small  gingla 
upon  the  surface  of  the  auricles  in  the  calfs  heart,  although  ire  hive 
not  succeeded  in  detecting  them  on  the  surface  of  the  ventricles^iiff 
in  the  substance  of  the  septum,  as  delineated  by  Remak.  We  en 
vouch  for  the  truly  ganglionic  nature  of  those  which  we  have  um 
from  the  unequivocal  existence  of  vesicular  matter  in  them.t 

Some  elaborate  dissections  of  the  nerves  of  the  heart  have  litelf 
been  xiyide  by  Dr.  Bobert  Lee,;];  from  which  it  appears  that  the  hciit 
is  more  largely  supplied  with  nerves  than  had  been  hitherto  89- 
posed,  and  that  a  larger  number  go  directly  to  the  muscular  stn^ 
ture  of  the  heart,  independently  of  the  arteries,  than  hid  ben 
admitted  by  previous  anatomists.  Upon  these  nenres  nnmerai 
gangliform  enlargements  may  be  seen,  which  Dr.  Lee  figures  as  of 
great  size  upon  the  nerves  of  the  posterior  surface  of  the  heifer's 
heart. 

Our  own  dissections§  enable  us  to  confirm  the  general  accancT 
of  Dr.  Lee's  delineations,  although  we  have  not  discovered  so  many 
nor  such  large  nerves  as  he  depicts.  We  have  likewise  seen  nume- 
rous swellings  on  these  nerves,  which  again  we  have  failed  to  fini 
either  in  such  numbers,  or  of  the  same  size  as  those  represented  is 
Dr.  Lee's  plates. 

The  nerves  are  composed  altogether  of  gelatinous  fibres,  and  ik 
swellings  do  not  contain  vesicular  matter  ;  and,  therefore,  Jo  li't 
partake  of  the  nature  of  ganglia.  As  filaments  invarialily  p» 
from  tliesc  swellings  into  the  muscular  structure  of  the  heart,  ^i 
would  regard  them  as  resulting  from  that  loosening  of  the  consti- 
tuent fibres  of  nerve  trunks,  which  invariably  takes  place  just  kt'-'re 
branches  arc  given  off  from  tlicm. 

Of  the  Action  of  t/ie  Heart, — The  action  of  the  heart  is  remark- 
able for  its  rhythmical  character.  Each  of  its  cavities  exhibits  .1 
succession  of  contractions  and  dilatations,  fullowin*^  each  other  vitiJ 
tin?  most  perfect  rhythm.  Cavities  of  the  same  kind  contrac:  '-r 
dilate  simultaneously;  but  the  ventricles  are  in  contraction  or  ru*to< 
Aviicn  the  auricles  are  in  dilatation  or  diaatoh*,  and  vice  rer^it.    f^'** 

■'^"  Si":ir]>:i,  T:il»ii1n^  AnMt<»rnic':r.     Ticin.  170-1.     T:i1).  vii.  fijr.  1. 
f   l{<'iii;ik-,  Nt'iir.'lojxi.schcii  l]rlautLTUii;]jcn.     Mullor's  Arcliiv.  IS  14.     TatVl  Xii. 
+   IMiil.  Trans.  IS  III. 

}  We  tnkc  rliis  oj)]>iirtnnity  of  noknowle«igiii;r  the  vahiable  ns:!i;«tanoc  of  rturir^''  ■ 
am!  ]Mii>iI  Mr.  Sjimuel  Martvu  in  these  «lisscctiun,s. 
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owing  the  coarse  of  the  circulation  through  the  heart,  the  auricles 
laving  been  filled  from  the  veins  which  open  into  them,  contract  and 
0^1  their  blood  into  the  ventricles,  which,  in  their  turn,  contract 

0  drive  the  blood  into  the  arteries.  When  the  ventricles  contract, 
he  heart  experiences  a  peculiar  tilting  movement,  by  which  its  apex 

1  raised  from  the  level  of  the  sixth  rib  to  the  space  between  the  fifth 
ad  sixth,  and  at  the  same  time  it  is  rubbed  more  or  less  forcibly 
gainst  the  wall  of  the  chest.  The  wall  of  the  ventricles  is  firmly 
ontracted  at  every  point,  and  rendered  hard  and  tense ;  and,  there- 
ore,  in  its  movement  it  communicates  a  considerable  vibration  to  the 
rmll  of  the  chest,  giving  rise  to  what  is  called  the  impulse.  This 
Bpalse  is  caused  altogether  by  the  systole  of  the  ventricles,  and 
lie  consequent  movement  of  the  heart ;  it  is  always  directly  pro- 
ortionate  to  the  size  of  the  ventricles,  or  to  the  extent  of  their 
■rface  in  contact  with  the  wall  of  the  thorax,  and  to  the  vigour  of 
heir  contractions.  According  to  Valentin's  experiments,  the  tilting 
lovement  of  the  heart  will  take  place  even  when  the  apex  has  been 
m%  off,  denoting  that  that  phenomenon  cannot  be  due  to  any  recoil 
onsequent  upon  the  resistance  to  the  passage  of  the  blood  through 
he  great  vessels,  and  that  its  true  cause  is  the  contraction  of  the 
lires  of  the  ventricle. 

Certain  sounds  accompany  the  heart's  action,  the  accurate  inter- 
ffetation  of  which  has  shed  a  flood  of  light  upon  the  diagnosis  of 
liaeases  of  that  organ.  On  placing  the  ear  over  the  region  of  the 
leart  in  a  healthy  individual,  the  following  phenomena  may  be  per- 
eived;  first,  a  heavy,  somewhat  prolonged  sound,  which  is  synchron- 
•us  with  the  impulse,  and  is  best  heard  over  the  heart's  apex  ;  this 
1  the  systolic  or  first  sound ;  secondly,  a  short  clicking  sound  imme- 
iiately  succeeding  this  ;  it  is  synchronous  with  (but  not  caused  by) 
he  diastole  of  the  ventricles,  and  is  called  the  diastolic^  or  second 
cmnd ;  it  is  best  heard  over  the  base  of  the  heart  near  the  root  of 
he  aorta.  After  this  the  heart  seems  to  pause,  as  it  were  to  take 
est,  and  then  follows  the  first  sound  again,  followed  instantly  by 
he  second  sound,  and  then  the  pause.  The  duration  of  the  first 
oond  is  about  double  that  of  the  second,  while  that  of  the  second 
s  equal  to  the  pause.  Thus,  if  the  whole  period  of  the  heart's 
leiion  be  divided  into  four  parts,  the  first  two  would  be  occupied  by 
he  first  sound,  the  third  by  the  second  sound,  and  the  fourth  by  the 


Numerous  experiments  and  observations  have  been  made  with 
eference  to  the  question  of  the  signification  of  these  sounds.  We 
mist  here  content  ourselves  with  stating  the  conclusions  which  we 
hink  may  be  safely  drawn  from  them.  The  first  sound  is  composed 
Dainly  of  the  muscular  sound,  generated  by  the  contraction  of  the 
entricles,  strengthened  by  that  due  to  the  sudden  tension  of  the 
.nriculo-ventricular  valves  over  the  blood  contained  in  the  ventricles, 
his  tension  being  efiected  by  the  contraction  of  the  carnese  columnae, 
rhich  is  synchronous  with  that  of  the  rest  of  the  ventricular  wall. 
^o  these  causes  of  sound  may  be  added  the  impulse  of  the  heart 
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against  the  wall  of  the  chest,  and,  perhaps,  also  the  collision  of  the 
blood  against  the  orifices  of  the  great  vessels. 

The  second  sound  is  due  to  the  sudden  tension  of  the  semilimtf 
valves  of  the  two  great  vessels,  by  the  recoil  of  the  columns  of  blood 
injected  into  them  by  their  respective  ventricles.  An  experimat, 
originally  suggested  by  the  late  Dr.  Hope,  and  repeated  by  eevml 
observers,  proves  this  unequivocally.  If  in  an  animal  whose  regp- 
ration  is  maintained  by  artificial  insufflation,  the  heart's  action  beni 
thereby  prolonged,  a  hook  be  introduced  into  the  aorta  so  as  to  hold 
back  one  of  its  valves,  and  leave  a  passage  for  the  regurgitation  of 
a  portion  of  the  blood  after  each  systole  of  the  ventricle,  a  bellois 
sound  becomes  generated,  which  usurps  the  place  of  the  clicking 
second  sound.  But  the  moment  the  valve  is  allowed  to  resame  its 
play,  the  natural  click  returns. 

That  this  is  the  correct  interpretation  of  the  sounds  of  the  hart, 
is  farther  proved  by  the  observation  of  the  influence  of  varioiu  mor- 
bid states  of  that  organ  upon  them.  Thus  the  first  sound  is  modiliei 
by  whatever  increases  or  weakens  the  intensity  of  the  ventricolir 
systole,  of  the  impulse,  and  of  the  tension  of  the  auricuIo*ventiiciilir 
valves  ;  and  when  the  latter  takes  place  imperfectly,  by  reison  of 
the  insufficiency  of  the  valves  to  close  the  orifices,  the  first  soimdii 
accompanied  (not  replaced)  by  a  bellows-sound  due  to  the  regmgiti- 
tion  of  blood  from  ventricle  to  auricle.  Again,  should  one  or  DOit 
of  the  semilunar  valves  be  so  injured  or  altered  as  to  prevent  the 
complete  closure  of  the  arterial  orifice,  at  the  time  of  the  diastole, 
the  second  sound  is  replaced  by  a  bellows- sound,  just  as  in  the 
experiment  above  detailed. 

The  regular  succession  of  the  two  sounds  and  the  pause,  bearing 
to  each  other  the  relative  duration  already  mentioned,  constitutes 
the  rhythm  of  the  heart.*  Sometimes  the  pause  lasts  for  a  much 
longer  period  than  a  fourth  of  the  whole,  for  as  long  or  longer  than 
would  suffice  for  the  development  of  the  other  two  sounds.  Under 
these  circumstances  the  heart  is  said  to  intermit,  and  its  rhvthm  is 
interrupted. 

At  every  systole  of  the  heart  an  impulse  is  felt  in  all  the  lar:? 
arteries  of  the  body,  which  is  synchronous  with  the  contraction  vt 
the  ventricles,  or  so  nearly  that  the  difference  is  inappreciable,  ex- 
cept in  very  distant  arteries,  as  those  of  the  tarsus.  This  im['til-? 
in  the  arteries  constitutes  the  pulse — which  will  be  fully  describel 
by  and  by,  and  which,  from  its  general  accordance  with  the  heari".* 
action,  affords  the  readiest  means  of  judging  of  the  heart's  rhvthE. 
and  counting  the  frequency  of  its  action. 

When  the  rhythm  of  the  heart  is  regular,  this  succession  of  fir>t 
and  second  sound  (systole  and  diastole)  and  pause  may  be  lioapl  » 
certain  number  of  times  in  a  minute  in  each  individual,  and  by  a  ^orii-r 
of  observations,  the  scale  may  be  formed  showing  the  avoraire  fro- 
quency  of  the  heart's  action  at  different  periods  of  life  in  man.  Tlii-v? 
shown  in  the  following  table,  which  is  that  formed  by  our  ablcfrioiil 

*  .Some  oliscTvcrs  Jidinit  the  existence  of  ii  sliurt  psiiise  :ifter  the  first  S'-un-l- 
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md  colleagne,  Dr.  Guy,  from  a  comparison  of  numerous  observa- 
ions.* 


N 


VABLB   07  THB  AVKBAGV   rBEQUEKCT   OF  THE   BEABT's   ACTION,   AND  07   THE   PT7L81 

AT   DIFFERENT   AGES. 

At  birth 140 

Infancy 120 

Childhood 100 

Youth 90 

Adult  age 75 

Old  age 70       • 

Decrepitude 75-80 

In  general,  the  frequency  of  the  heart's  action  and  of  the  pulse 
n  the  female  exceeds  that  of  the  male,  after  the  seventh  year ;  if 
;he  average  pulse  of  the  adult  male  be  stated  at  70,  that  of  the  adult 
»male  may  be  put  down  at  80. 

The  heart's  action  is  seldom  less  frequent  than  45  or  50  in  health; 
Seberden  has  counted  it  as  low  as  42,  30,  and  even  26,  in  healthy 
luJes ;  and  Fordyce  counted  it  in  one  case  26  in  an  old  man,  and 
m  another  20.  In  cases  of  chronic  disease  of  the  brain  it  falls  very 
low.  We  have  ourselves  counted  it  as  low  as  16  in  one  of  these 
MMes  for  months  together. 

According  to  the  researches  of  Drs.  Knox  and  Guy,  the  frequency 
Df  the  heart's  action  (and  the  consequent  frequency  of  the  pulse) 
raries  at  different^  periods  of  the  day.  It  is  most  frequent  in  the 
inoming,  and  becomes  gradually  slower  as  the  day  advances.  The 
liminntion  is  most  marked  at  night.f 

Posture  exercises  a  remarkable  influence  on  the  frequency  of  the 
liemrt's  action.  The  law  is,  that  the  frequency  is  the  greatest  in  the 
srect  position,  next  to  that  in  the  sitting,  and  least  in  the  horizontal 
poBture.  The  following  table  has  been  framed  by  Dr.  Guy  from  the 
results  of  sixty-six  observations  in  the  male,  and  twenty-seven  in  the 
bmale. 

TABLE  OF  THB  FBEQUENCT  OF  THB  HEABT*8   ACTION   IN  DIFFEBENT   P08TUBB8. 

Standing.  Sitting.  Lying.  DiflSsrenoM. 

Males  .        81  71  66  10,  5,  15 

Females        .        91  84  80  7,  4,  11 

These  observations  denote  the  curious  fact  that  posture  influences 
llie  frequency  of  the  pulse  less  in  the  female  than  in  the  male ;  and 
from  another  series  of  more  numerous  observations.  Dr.  Guy  deduces 
that  the  efiect  of  change  of  posture  on  the  frequency  of  the  heart's 
action  in  the  male  is  more  than  twice  as  great  as  in  the  female. 

The  cause  of  this  difference  in  the  frequency  of  the  pulse  in  dif- 
ferent postures  resides  probably  in  the  effort  employed  to  maintain 
the  muscular  contractions  necessary  to  support  the  erect  or  sitting 
poBtures.  But  careful  experiments  are  still  wanting  to  ascertain 
whether  a  simple  difference  of  posture,  without  muscular  exertion, 

♦  Art.  Pulse,  Cycl.  Anat.  and  Phys. 

J  See  Graves's  Dub.  Hosp.  Rep.  vol.  vi.,  and  Dr.  Guy's  art.  PuUef  Cycle.  Anat. 
Phys. 
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wonld  develop  »  ohuoe  in  the  fireqoeno^  of  tLo  pulac.  Those  as  jn 
done  by  the  rerolnDabourd,  seem  to  hftTO  had  reference  only  to  i^ 
exertion  of  mucaler  foree  in  the  prodnotion  of  the  chatiye  of  pMian, 
and  not  to  thkt  required  for  the  oootinited  effort  to  maibulo  At 
attitnde. 

I%$  Oourtt  qf  tkt  CSreuiatiim  m  CA«  AJuU. — Taking  the  M 
Tontriole  as  the  Btuting-point  for  the  oiRulntion,  we  maj  descHbt 
the  blood  as  pnrsning  the  following  oonrte.  By  the  left  Tentride 
it  is  driren  through  tne  aorta  into  every  artery  of  tUo  body  sire  ^h 
pulmonary;  add  having  pused  through  the  capillary  BysteraitEnUra 
the  venooH  radicles,  and  from  them  it  pasees  to  the  veoDus  truob; 
it  is  at  length  retomed  fay  two  great  trunkt,  the  superior  and  iofemr 
vena  eOoss,  to  the  right  anriole  of  the  heart.  This  portion  of  tkt 
cironlation,  from  its  trarersing  the  whole  Eystem,  except  the  limg^ 
and  from  its  oocapying  by  far  the  lu'sest  part  of  the  body,  isciilil' 
the  ajritMRw  or  grtater  omolation.  The  vcnoua  blood,  broaghi  }y 
the  great  TenooB  tnmks  to  the  ri^ht  aaridc,  is  expelled  bjiU 
oantyinto  the  right  rentriele,  whieh  dn  ves  it  by  the  pulmouq 
artery  throng  the  Inngs  to  the  pulmonary  veins,  througb  «hii:ti  | 
passes  to  the  left  anriole,  and  so  on  to  the  Itft  ventricle.  Thif  portii 
of  the  oiroolation,  traversinff  only  the  longs,  and  connoclin;;  d 
right  Tentriele  and  left  anriue,  forma  the  legser  or  pulmonic  cimll^ 
tion. 

Ctftia  Portal  Cfirtmlatum. — In  noeral,  the  arterial  blood  p: 
throngh  a  aag^  ayatem  of  oqiillanes  sod  veins  Ic^fure  it  i^  n^ta 
to  the  anricle.  But  there  are  two  remarkable  exceptions  to 
in  the  portal  circulaUon  of  the  liver,  the  other  in  the  kidneja  Ii 
both  these  cases,  the.  blood  passes  throngh  two  aubsystems  <n  eifl- 
lanes  after  it  leaves  the  arteried.  Thus,  as  regards  the  hqtatiec^ 
eolation,  the  blood  conveyed  to  the  intestines  by  the  arter* 
through  the  intestinal  capillaries  into' the  intestinal  veina, 
passes  to  the  trunk  of  the  vena  portse,  which  again  tram 
the  hepatio  capillaries,  and  thence  to  the  hepatic  vans,  tbm^ 
which  it  reaches  the  heart.  A  portion  of  the  circulation,  of  wbni 
the  chief  vessel  is  formed  like  a  vein,  and  distributes  its  blood  like 
an  artery,  is  called  a  portal  circulation.  A  similar  circulatioa  it 
found  in  the  kidneys.  The  afferent  arteries  end  in  the  MalpigbiiB 
tofts,  whence  the  blood  is  taken  up  by  the  efferent  veins,  «UA 
quickly  break  up  like  arteries  into  another  capillary  plexus  Burrooikl- 
ing  the  uriniferous  tubes,  and  this  plexus  gives  origin  to  the  ndidv 
of  the  renal  or  emnlgent  veins. 

The  hepatic  portal  circulation,  however,  has  several  p<untB  of  eo» 
munication  with  the  systemic  veins,  or  the  inferior  vena  cava ;  ui 
thus  it  happens,  when  from  disease  of  the  liver  a  considerable  portin 
of  the  portal  system  of  that  organ  is  obstructed  or  obliterated,  tkst 
a  part  of  the  blood  from  the  intestinal  canal  finds  its  way  into  tribe- 
tary  veins  of  the  cava,  and  returns  by  that  route  to  the  right  lidi 
of  the  heart.  The  points  of  communication  are  between  toe  veioi 
of  the  cava  (left  rena!)  and  of  the  intestines,  especially  the  eoloi 
and  the  duodenum,  and  between  the  inferior  mesenteric  and  &t 
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bemorrhoidal  veins,  a  fact  which  explains  the  frequent  occurrence  of 
lieinorrhoids  in  obstractions  of  the  liver ;  also  between  superficial 
branches  of  the  portal  veins  of  the  liver,  and  the  phrenic  veins,  as 
pointed  out  by  Eiernan. 

Bernard  states  that  immediately  after  the  portal  vein  has  entered 
the  liver,  and  sometimes  before,  a  certain  number  of  branches  are 
^yen  oflF  from  it,  which,  entering  the  liver,  some  superficially,  others 
more  deeply,  form  communications  with  the  vena  cava. 

Of  the  Foetal  Circulation. — In  the  foetus  in  utero,  the  course  of 
Ae  circulation  is  greatly  modified,  by  reason  of  the  inaction  of  the 
lungs  as  aerating  organs,  and  the  consequent  imperfect  attraction  of 
the  blood  to  them.  During  intra-uterine  life,  the  aeration  of  the 
Foetal  blood  is  effected  by  the  placenta,  a  highly  vascular  organ,  in 
which  the  foetal  blood  is  brought  into  a  very  close  relation  to  the 
maternal  blood  as  it  circulates  through  the  wall  of  the  uterus.  The 
phicenta,  therefore,  is  in  effect  the  lung  of  the  foetus,  and  bears  a 
oorresponding  relation  to  its  circulation. 

A  large  portion  of  the  foetal  blood  is  carried  to  the  placenta 
through  the  umbilical  arteries,  which  are  continuations  of  the  trunks 
of  the  internal  iliac  arteries  escaping  from  the  body  of  the  foetus 
through  the  umbilicus.  From  the  placenta  the  blood  is  returned  to 
the  foetus  by  the  umbilical  vein,  whjich  is  bound  up  with  the  umbilical 
arteries  in  the  umbilical  cord,  and  enters  the  body  of  the  foetus  at 
the  navel.  From  this  point  the  umbilical  vein  passes  upwards  and 
to  the  right  side  under  the  liver,  in  its  longitudinal  fissure,  and  at 
its  transverse  fissure  it  joins  the  sinus  of  the  vena  porta,  through 
which  most  of  its  blood  is  distributed  to  the  liver.  One  large  branch, 
however,  follows  the  course  of  the  original  trunk  in  the  posterior 
part  of  the  longitudinal  fissure,  and  opens  into  the  inferior  vena  cava 
just  before  that  vessel  communicates  with  the  heart.  This  vessel  is 
the  diActiLs  venoaus — a  continuation  of  the  trunk  of  the  umbilical 
vein — through  which  some  of  the  blood  returning  from  the  placenta, 
passes  directly  to  the  inferior  vena  cava,  and  to  the  right  auricle  of 
the  heart,  without  traversing  the  liver. 

The  blood  thus  received  from  the  inferior  vena  cava  (being  that 
from  the  body  below  the  diaphragm),  and  also  from  the  placenta, 
does  not  pass  into  the  right  ventricle.  A  very  interes'ting  piece  of 
mechanism  obstructs  its  passage  in  that  direction,  and  favours  its 
flow  across  the  right  auricle  through  the  foramen  ovale,  now  freely 
open  in  the  septum,  into  the  left  auricle.  This  is  the  Eustachian 
valve,  which  is  situated  between  the  inferior  vena  cava  and  the  right 
anriculo-ventricular  opening,  and  being  connected  with  the  anterior 
and  inferior  part  of  the  annulus  ovalis,  it  brings  the  foramen  ovale 
into  very  close  connection  with  the  inferior  vena  cava,  and  forms  an 
imperfect  septum  towards  the  auriculo-ventricular  opening,  quite 
sufficient,  however,  to  impede  the  flow  of  blood  in  the  downward 
direction. 

Arrived  in  the  left  auricle,  the  blood  is  transmitted  thence  to  the 
left  ventricle,  and  from  this  latter  cavity  through  the  arch  of  the 
aorta  to  the  head,  neck,  and  upper  extremities,  whence  it  is  returned 
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by  the  vcnsc  innominatse  and  by  the  superior  vena  cava  to  the  right 
auricle,  which  transmits  it  to  the  right  ventricle.  This  latter  tca- 
tricle  propels  it  into  the  trunk  of  the  pulmonary  artery,  whicli,  ii 
the  foetus,  divides  into  three  vessels,  not  into  two,  as  in  the  adiiL 
These  are  the  two  pulmonary  arteries  which  separate  from  thetmk 
at  right  angles,  one  for  each  lung ;  and  between  them,  following  tk 
direction  of  the  parent  trunk,  a  large  vessel,  nearly  as  large  u  tk 
pulmonary  artery  itself,  which  forms  a  direct  anastomosis  with  tk 
aorta,  just  below  its  arch.  This  is  the  ductus  arteriosus^  throigk 
which  the  blood  is  transmitted  directly  from  the  right  ventricle  to 
the  commencement  of  the  abdominal  aorta. 

Of  the  Forces  by  which  the  Blood  is  circulated. — The  prindpil 
force  by  which  the  blood  is  moved  throughout  the  vascular  systen, 
and  returned  to  the  heart,  is  that  which  is  generated  by  the  contrM- 
tion  of  the  left  ventricle,  or  what  is  commonly  called  the  vis  a  tap 
of  the  heart. 

The  force  with  which  the  heart  propels  the  blood  into  the  arteriil 
system  has  been  variously  estimated.  Valentin  considers  that  the 
left  ventricle  exerts  a  force  equal  to  one-fiftieth  of  the  weight  (tf  tiie 
body ;  and,  taking  the  muscular  power  of  the  right  ventncle  to  bt 
half  that  of  the  left,  he  would  estimate  the  power  of  the  latter  it 
one-hundredth  part  of  the  weight  of  the  body.  This  would  gire  i 
force  of  upwards  of  three  pounds  for  the  left  ventricle  for  a  mu 
weighing  eleven  stone,  and  half  of  that  for  the  right. 

iNow  Ilales  had  long  ago  (1769)  shown  that,  under  the  pressoreof 
a  column  of  water  nine  feet  and  a  half  in  height,  fluid  might  be 
made  to  pass  from  the  carotid  artery  to  the  jugular  vein  through  the 
capillary  system.  And  it  is  well  known  to  anatomists  that,  when 
the  vessels  are  free  from  coagulated  blood  or  other  mechanical  ob- 
struction, thin  fluids  may  be  transmitted  by  a  very  slight  force  from 
the  arteries  to  the  veins. 

Dr.  Sharpey's  experiments*  indicate  the  exact  amount  of  force 
necessary  for  this  purpose.  A  syringe  with  a  hacmadynamometer, 
to  show  the  amount  of  pressure  used,  was  adapted  to  the  thoracic 
aorta  of  a  dog  just  killed,  the  abdominal  aorta  having  been  previaujly 
tied  immediately  above  the  renal  arteries,  and  the  inferior  vena  cava 
opened  just  as  it  passes  through  the  diaj)liragm.  Fresh  defibriuaied 
bullock's  blood  was  injected  with  a  pressure  of  three  and  a  half 
inches  of  mercury,  and  passed  through  the  double  capillary  sysiem 
of  the  intestines  and  the  liver  out  of  the  veins  with  a  full  stream. 
When  the  pressure  was  increased  to  five  inches,  the  blood  spirted 
from  the  vein  in  a  full  jet.  When  the  aorta  was  not  tied  above  the 
renal  arteries,  the  same  pressure  sufliccd  to  drive  the  blood  through 
the  vessels  of  the  lower  extremities,  and  it  was  made  to  traverse 
the  capillary  system  of  the  lungs,  by  a  pressure  of  from  one  aud  a 
half  to  two  inches  of  mercury,  so  as  to  How  freely  through  the  pul- 
monary veins.     Allowing  one  pound  for  every  two  inches  of  mercurv, 

*  Sec  Williain;*'s  Elements  of  Me- Heine,  oJ  Am.  E*!.  p.  1.54. 
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1%  would  thus  appear  that  a  pressure  of  two  pounds  was  sufficient  to 
plete  the  circulation  through  the  two  abdominal  capillary  systems 
nd  of  one  pound  for  the  pulmonary  circulation. 

Unless,  then,  we  assume  that  there  are  obstacles  to  the  flow  of 
Uood  through  the  vascular  system,  which,  during  life,  are  much 
nemter  than  those  after  death,  it  must  be  granted  that  the  heart's 
fiiree,  which  in  man  does  not  probably  exceed  three  pounds,  is  suffi- 
rient  to  drive  the  blood  throughout  the  three  systems  of  bloodvessels. 
Mid  to  maintain  the  current  of  the  circulation  ;  and  that  this  force 
•lone  is  capable  of  producing  all  the  grand  phenomena  of  the  circu- 
Ifttion. 

It  remains,  then,  to  inquire  whether  the  vis  a  tergo  of  the  heart 
■i  the  sole  force  by  which  the  circulation  is  maintained,  or  whether 
we  most  not  seek  for  the  operation  of  other  forces  in  order  to  ex- 
plain its  phenomena.  To  determine  these  points  we  must  investigate 
llie  phenomena  of  the  circulation  in  each  of  the  systems  of  blood- 
vessels, and  first  in  the  arteries. 

JPhenomena  of  the  Circulation  in  the  Arteries, — By  each  contrac- 
tion of  the  left  ventricle  a  certain  quantity  of  blood  is  pumped  into 
ihe'arterial  system,  which  is  already  full.  Were  the  arteries  and 
Other  bloodvessels  a  series  of  rigid  and  inelastic  tubes,  there  would 
necessarily  ensue  upon  this  a  discharge  of  blood,  corresponding  in 

Jnantity  and  rapidity,  from  the  opposite  extremity  of  the  system. 
t  is  plain,  however,  from  the  slow  rate  of  the  venous  circulation, 
end  the  less  capacity  of  the  auricles  as  compared  with  the  ventricles, 
that  this  does  not  take  place  in  the  vascular  system;  nor,  considering 
the  great  extent  of  surface  which  the  blood  has  to  travel  over  in  the 
eepillaries,  and  the  consequent  friction  it  has  to  encounter,  can  it  be 
expected  that  a  quantity  of  blood  should  be  discharged  into  the 
emillaries  equal  to  that  which  the  heart  injects  into  the  arteries. 

iloom  is  obtained  for  each  fresh  quantity  of  blood  (beyond  that 
which  can  be  simultaneously  expelled  from  the  opposite  extremity  of 
the  vascular  system),  by  the  dilatation  of  the  arteries  under  the 
force  of  the  heart.  The  eminently  extensible  and  elastic  character 
ef  the  arterial  walls  thus  gives  a  peculiar  feature  to  the  arterial  cir- 
culation, and  is  turned  to  good  account  in  maintaining  the  flow  in 
tiiat  system  of  bloodvessels.  In  yielding  under  the  force  of  the 
heart  the  arteries  become  dilated  at  each  systole,  to  the  extent,  ac- 
ocvding  to  the  experiment  of  Poiseuille  upon  the  carotid  of  a  horse, 
ef  one  twenty-third  of  its  diameter,  or  of  one  twenty-second,  in  a 
Bunilar  trial  by  Valentin  on  the  carotid  of  a  dog  ;  but  which  must 
ywxj  in  different  arteries  and  at  different  times  with  the  force  of  the 
heart,  and  the  extensibility  of  the  arterial  wall.  Poiseuille's  ob- 
•erration,  however,  pointed  out  unequivocally  the  fact  (previously 
doubted),  that  the  arteries  are  dilated  at  each  systole  of  the  heart.  "*" 
This  dilatation  of  the  arteries  calls  into  play  a  force  which  in  some 
degree  replaces  the  heart's  force.     The  elastic  arterial  wall,  stretched 

*  See  the  account  of  Poiseuille's  experiment,  and  a  figure  of  his  instrument  in 
Ifagendie'B  Journal,  torn,  ix.,  and  also  iu  Valentin's  Phjsiologie,  Bd.  i.  p.  449. 
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by  the  contraction  of  the  heart,  reacts  with  a  power  which  appron- 
xnates  more  closely  to  that  by  which  it  was  dilated  according  ts  the 
arterial  tissue  is  more  or  less  elastic.  The  arteries  are  thus  maje 
to  contract  upon  their  contained  blood,  and  to  drive  it  onwards  or 
from  the  heart,  and  backwards  or  to'  the  heart.  Its  course,  in  tke 
latter  direction,  is  speedily  checked  by  the  sudden  and  forciUc 
closure  of  the  aortic  valves  under  the  pressure  of  the  regorgitatiig 
current.  Therefore,  the  great  mass  of  the  blood  rushes  onwirdi 
towards  the  capillary  system — propelled  first  by  the  heart's  impolse, 
and,  secondly,  by  the  clastic  reaction  of  the  arterial  walls. 

This  elastic  reaction  of  the  parictes  of  the  arteries  does  not  come 
into  piny  until  the  heart  has  ceased  to  contract  and  begun  to  dilate. 
It  is,  therefore,  synchronous  with  the  diastole  of  the  heart,  and  cor- 
responds with  it  in  duration ;  so  that,  while  the  ventricle  is  inactin, 
the  blood  in  the  arteries  is  still  being  pressed  upon  by  the  reactiig 
arterial  walls.  Thus  the  blood  is  ever  moving  onwards  throaghoii 
the  arterial  system,  during  the  diastole,  as  well  as  during  the  sjitok 
of  the  heart ;  and  the  jerking  impulses  communicated  to  it  bj  tk 
successive  contractions  of  the  ventricle,  are  gradually  converted  intt 
that  continuous  uniform  forward  movement,  which  is  observed  nndff 
ordinary  circumstances  in  the  ultimate  arterial  ramifications,  tk 
capillaries,  and  the  veins. 

An  analogous  application  of  the  reacting  force  of  an  elastic  amt 
to  convert  a  jerking  movement  into  a  continuous  stream  is  fonnd  ia 
the  mechanism  of  the  fire-engine,  and  of  the  organ.  In  the  one, 
water,  in  the  other,  air,  is  forced  into  a  chamber  in  which  air  already 
exists.  This  air  undergoes  compression  by  the  suifden  introductkA 
of  a  new  quantity  of  water  or  air.  Its  elasticity  causes  it  to  react, 
and  thus  to  supply  an  expulsive  force  during  the  subsidence  of  the 
action  of  the  piston  in  the  one  case,  and  of  the  bellows  in  the  other.* 

The  heart,  by  its  propulsion  of  blood  into  the  arterial  system,  not 
only  dilates  the  arteries,  but  elongates  them  likewise.  This  isgen^ 
rally  better  seen  than  their  dilatation,  but  it  is  most  apparent  io 
arteries  which  arc  curved.  Under  the  influence  of  the  heart's  sptoie 
the  curves  are  distinctly  altered,  so  as  to  form  segments  of  larjtr 

•*  This  oxjil.'iiijition  of  tlio  inHuonce  of  the  ehistif  reaction  of  the  ;irteri:»l  vC  in 
promoting  u  coiitiimou.-s  stream,  nud  convertirij;  tlie  jerkin;:  current  oi  the  ll-  1  ■■• 
tiie  hir^e  jirteries  into  n  iniil'«>rni  one  !n  the  small  ones,  i^  wry  e«'iMint»TilY  :i:ir'-;i"-" 
1>y  moilern  A\riter^,  to  Wehor.  Kn^lish  physiol()pi>t'<  oujcht  ni»t  t'»  have  t-vt-ri-'v-; 
J«»hn  Hunter's  remarks  (on  the  IJl(»o4l,  \e.  ito  od.  ]>.  12'.»j,  nor  .Sir  ('.  llellV  •'■■tni- 
tions  iu  liis  Animal  Meelianies.  ]>,  41.  Hut  the  following  i»as.>:i^(.»  fr.»m  il-n**' 
•show  that  that  able  ol»servi*r  liehl  mueh  the  same  vie\v>  lon^  ]»rinr  to  cilluT  t!  ".'  -■" 
1,1't  name<l.  *  *  *  <'The  Mood  in  the  arteries,"  he  says,  **lH'iii«r  furei'Ov  |l^•l■f"■■•l 
forward,  Avith  an  aeeelerated  impetus,  tlierehy  dilates  tlie  eanal  of  tlie.arter:'.-.  »!.:'t 
hf;xiii  a^airj  to  eontract  at  the  instant  tlie  systole  ceases  ;  by  whieli  curiou>  arliriif  v 
nature,  the  blood  is  eari'ed  on  in  the  liner  eapillarifs,  with  an  ainjo>t  evtii  It-r.  :  : 
vr!o<-ity,  in  the  same  manner  as  the  spoutinjr  water  of  some  tire-en:;ine"«  ]>  i-  ■•itrTi-i 
t«i  tlow  M'ith  a  mure  even  velocity,  notwithstamlintr  the  alternate  .*»/x.v.A.€  m-d  th-.r'  ' 
of  the  risinjr  and  falling  cinhuhitf,  or  force;  ami  this,  by  the  means  of  a  hiri:*' iJiurtt-i 
globe,  wherein  the  comjiressi'd  air  alternaU'ly  dilating;  or  ei»ntraelin-:,  in  c.«iit  rt'-if;- • 
tli<'  workings  to  and  fro  nf  the  embolus,  antl  then^by  imiieHin-:  thr  watvr  ir'-r*- 1.  •;  .'■ 
than  the  cmholus  alone  wiuihl  do.  jmslies  it  out  in  a  more  nearlv  \}\\\n\  <ii<.nr.'"— //' ■  ' 
iltitirkx,  p.  21!,  ^  !'<;. 
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nreles,  a  motion  is  communicated  to  the  artery,  and  a  change  of 
liftce  results ;  and  straight  arteries,  which  are  more  or  less  confined 
Wj  the  superjacent  parts,  become  slightly  curved  under  the  same 
mce.  Thus,  in  the  course  of  time,  the  arteries,  especially  those  of 
Murts  to  which  by  reason  of  a  more  active  nutrition  in  them  there  is 
%  eonsiderable  afflux  of  blood,  assume  a  tortuous  form,  as  may  be 
wen  in  the  temporal  and  radial  arteries  of  old  persons,  and  in  the 
^rmatic  artery  of  the  bull. 

The  JPuhe. — When  the  finger  is  applied  to  an  artery  during  life, 
t  is  felt  to  beat  or  pulsate  in  correspondence  with  the  systolic 
letions  of  the  heart,  so  that  the  number  of  pulsations  in  the  artery 
Murresponds  exactly  with  the  number  of  beats  of  the  heart,  ana, 
f  an  occasional  interruption  in  the  heart's  action  takes  place,  or 
vliat  is  called  an  intermission,  there  will  be  at  the  same  time  a 
hilare  in  the  beats  in  the  artery. 

This  phenomenon  is  called  the  jmlse.  From  their  contienity  to 
she  heart,  it  is  always  present  in  arteries;  but  it  may  occur  m  veins 
mder  circumstances  to  be  explained  hereafter.  It  is  due  to  the  same 
Mnue  which  occasions  the  blood  to  flow  per  saUunij  or  by  successive 
lets,  from  a  divided  artery.  That  cause  arises  out  of  the  manner  in 
irhich  blood  is  pumped  into  the  arterial  system  by  successive  jerks. 
Bech  jet  of  blood  creates  a  wave  which  moves  along  the  whole  arte- 
riel  system.  The  same  phenomenon  may  be  observed,  if  water  be 
ejected  by  successive  jerks  into  a  narrow  channel  already  full  or 
Marly  full,  and  open  on  the  surface.  Each  fresh  jet  will  create  on 
die  surface  of  the  water  in  the  channel  a  wave,  which  may  be  followed 
to  its  most  distant  extremity.  This  wave,  even  in  a  rigid  tube,  if 
niflBciently  forcible,  would  communicate  to  the  wall  of  the  tube  a  thrill 
Br  yibration  indicating  the  course  which  the  wave  takes.  But  in  an 
elastic  tube  which  yields  under  the  injecting  force,  the  phenomenon 
m  more  distinctly  perceived  as  the  tube  dilates  under  the  pressure 
nf  the  advancing  wave. 

It  is  important  to  notice  that  the  phenomenon  of  the  pulse  in  arte- 
ries is  due  solely  to  the  wave  excited  by  each  successive  injection  of 
Uood  into  the  arterial  system  from  the  heart.  The  walls  of  the  ar- 
teries have  nothing  to  do  with  the  causation  of  the  pulse,  but  may 
render  it  more  or  less  distinct  according  as  they  are  more  or  less 
yielding. 

The  character  or  quality  of  the  pulse  will  depend  primarily  and 
essentially  upon  the  force  of  the  heart — secondly,  upon  the  integrity 
of  the  mechanism  by  which  that  force  is  directed  so  as  to  drive  the 
blood  into  the  arteries — thirdly,  upon  the  quantity  of  blood  in  the 
vascular  system — and,  fourthly,  upon  the  condition  of  the  arterial 
wall,  according  as  it  is  apt  to  oppose  or  to  yield  before  the  wave 
caused  by  the  heart's  action.  By  reference  to  these  points,  we  may 
explain  the  various  conditions  of  the  pulse  observed  in  practice. 
Thus  a  weak  heart,  or  a  contracted  arterial  aperture,  or  a  small  sup- 
ply of  blood,  will  each  equally  produce  a  small  pulse;  while  a  cer- 
tain power  of  heart,  and  an  open  unimpeded  state  of  the  arterial 
aperture,  with  a  full  supply  of  blood,  are  quite  necessary  to  the 
44 
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formntion  of  a  large  round  pulse.  But  the  qualities  of  softness* 
fulness,  of  hardness  or  wiryness,  of  compressibility,  of  incompre«i- 
bility,  all  >vhlch  are  familiar  to  the  taotus  expertus  of  the  pnctiol 
man,  are  determined  by  the  yielding  or  the  resisting  comlitiou  of  tk 
arterial  wall. 

Contractility  of  Arteries, — Arteries  possess  a  power  of  contractioi 
in  virtue  of  the  large  quantity  of  elastic  material  which  enters  im 
the  constitution  of  their  wall;  but  this  is  a  contraction  which mij 
occur  in  a  dead  as  well  as  in  a  living  artery,  and  which  simpljsmcs 
to  restore  to  its  medium  dimensions  an  artery  previously  distendrf 
or  stretched.   They  have,  however,  also  a  power  of  active  contracii;- 
ity,  which  ceases  with  life,  which  is  capable  of  being  called  intopbj 
not  only  by  distension,  but  by  other  appropriate  stimuli,  and  vhid 
can  diminii»h  the  size  of  the  vessels  far  beyond  what  their  mere  eki> 
ticity  could  effect,  and  even  against  the  influence  of  the  clastic  fowfc 
This  contractile  power  is  due  to  the  presence  of  unstriped  ma<c«lir 
fibres  in  the  arterial  wall.     The  demonstration  of  these  fibres  in  tk( 
walls  of  arteries  by  the  microscope  leaves  no  more  doubt  of  theexiit- 
ence  of  a  muscular  contractile  force  in  them  than  of  its  existence  ia 
the  oesophagus  or  the  intestine.    Experiment  anticipated  anatomical 
research  in  pointing  out  that  arteries  contract  as  tubes  do  vhose 
walls  contain  muscle,  and  it  also  indicated  the  peculiar  manner  in 
which  the  muscular  fibres  of  arteries  act.     Under  the  influence  of  i 
stimulus  even  of  so  slight  a  nature  as  exposure  to  the  air,  an  arterj 
may  be  observed 'to  contract  very  gradually,  and  to  become  very 
much  diminished  in  size.    Thus,  in  one  of  Hunter's  experimem3,the 
posterior  tibial  artery  of  a  dog  was  laid  bare  ;  it  was  observed,  in  a 
short  time,  to  be  so  much  contracted,  "as  almost  to   prevent  ike 
blood  from  passing  tlirough  it,  and  when  divided  the  blood  onlj 
oozed  out  frum  the  orifice."^ 

Mechanical  stimulation,  applied  to  a  living  artery,  such  »■»  gentle 

friction  with  tlie  point  of  a  scalpel  or  needle,  excites  in  its  wall* 

slow  and  gradual  contraction   at  tlie   point   stimulated,  so  ibal  i: 

appears  constricted    at   that  point.     AVe  have,   by  stimulatiiiL'  »n 

artery  in  this  way,  at  several  points  at  sduio   distance   fn'i;.  t:>'-'- 

other,  produced  «iiute  a  nionilifurni  appearance  of  it,  causin;;:i  •'-:■:• 

of  constrictions  separated   by  j^ortions   in   which    the    size  "I  tue 

artery  was  little  altere<l.      Versehuir  was  anion;:  the  firsi  t'»  «''-forvo 
*  .  *^  ' 

the  effects  of  uieelianical  stimulation  upon  arteries,  and  ii;  -'^ 
rcconled  the  resiilis  of  his  observations  in  liis  Inan^rnral  l^i-iStTiili"'! 
I)r  Artvritjnini  rf  W  lui  rum  ri  irrttfihiJi^  published  in  IT'**':  ari-l 
numerous  experiments  of  a  similar  kind  were  ]»crf(inneil  ::i  i^i' 
country  by  our  frienil,  l)r.,  now  Sir  Charles  Ilastin^rs,  whicl:  art 
detailed  in  his  treatise  on  JnlLinunatlnn  of  th*'  Mvcous  J/./«-r'ifi«' 
of  fht'  Iji(nt/i<,  puhlished  in  1^:20. 

The  galvanic  stimulus  is  also  oapa])lc  of  producing  contrai-:i-.-i^^ 
in  arteries,  but  it  recjuires  to  ho  repeatedly  renewetl  l)ororo  tin* tlu-:: 
is  manifest.     The  nio^t  striking  results  from  the  application  of  tlii? 

Hunter  i.ri  tlie  [iluM.],  \o.   Ito.  e-l.  t..  U-l. 
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Ad  of  stlmulos,  were  obtained  by  the  Webers,  in  their  experiments 
ith  the  rotatory  magneto-electric  iifstrument.  The  shocks  were 
tplied  to  the  small  mesenteric  arteries  of  frogs,  and  a  diminution 
r -their  diameter  to  one-third  was  produced,  in  from  foar  to  ten 
Mionds ;  and  the  contraction  increased  under  the  continuance  of  the 
laialus,  until  the  caliber  of  the  vessel  became  from  three  to  six 
mes  smaller  than  at  first,  so  that  only  a  single  row  of  blood-cor- 
■Kles  could  pass  through  it ;  at  length  the  vessel  became  completely 
loied,  and  the  circulation  through  it  stopped. 

From  the  combined  evidence  of  anatomy  and  experiments,  then, 
'ifftn  no  longer  be  doubted  that  arteries  possess  an  inherent  con- 
^potility,  in  virtue  of  the  presence  of  unstriped  muscular  fibres  in 
mr  tunics.  It  remains  to  inquire,  in  what  manner  this  power 
Aaences  the  circulation  in  the  arterial  system.  Does  it  help  to 
repel  the  blood?  This  question  may  be  answered  in  the  negative. 
he  manner  in  which  arterial  trunks  taper  towards  their  distal 
[Iremities,  renders  it  mechanically  impossible  that  the  contraction 
'  eircular  muscular  fibres  around  them  would  drive  the  blood  on- 
urds  unless  some  valvular  apparatus  checked  its  passage  backwards 
'  towards  the  heart.  It  is  by  reason  of  the  existence  of  such  an 
iparatus  at  the  mouth  of  the  aorta  that  the  elastic  coat  of  the 
teries  by  its  reaction  propels  the  blood.  But  the  muscular  coat 
imld  not  contract  simultaneously  at  all  points  as  the  elastic  coat 
W8.  It  would,  as  in  the  oesophagus  and  intestines,  act  in  successive 
irtioDS — and  the  artery  would,  as  in  those  tubes,  be  almost  or  al- 
gether  obliterated  at  the  point  of  contraction.     It  is  easy,  however, 

•bow  that  no  such  vermicular  action  takes  place  in  the  arteries, 
V  can  it  occur  in  tubes  which,  like  them,  are  always  and  at  all 
lints  filled. 

It  seems  most  probable  that  the  contractile  power  of  the  arteries 
oeitsises  a  regulating  influence  upon  the  flow  of  blood  through  them. 
m  influence  in  this  respect  has  long  been  recognized  by  practical 
eiiy  under  the  name  of  tone  or  tonic  power,  it  restrains  within 
M  bounds  the  distension  of  the  arteries,  limits  the  quantity  of  blood 
.  each  artery,  adapts  the  size  of  the  artery  to  the  volume  of  its 
intents,  and  offers  a  certain  amount  of  opposition  or  antagonism  to 
le  force  of  the  heart. 

It  is  owing  to  the  resistance  afforded  by  this  contractile  power 
*  arteries  to  the  passage  of  fluid  into  them,  that  the  anatomist  will 
il  to  inject  a  tissue  completely,  if  he  attempt  it  too  soon  after 
latlu  The  well  known  experiment  of  John  Hunter,  on  the  pla- 
uita,  shows  how  long  the  contractile  power  will  remain  in  the 
rteries  of  a  part  after  its  separation  from  the  system,  or  after 
lath.  In  a  woman  delivered  on  Thursday,  the  navel-string  was 
iparated  from  the  foetus  in  the  usual  way,  by  tying  the  cord  in 
wo  places,  and  dividing  it  between  them — thus  the  blood  was  re- 
lined  in  the  vessels  of  the  cord  and  placenta.  On  the  Friday 
loming,  a  ligature  was  placed  an  inch  below  the  lowest  of  those 
gatures,  and  that  inch  was  cut  off.  The  blood  immediately  gushed 
aty  and,  on  watching  the  cut  ends  of  the  vessels,  Hunter  observed 
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the  arteries  contracting  with  the  whole  of  their  elastic  po¥er,iWk  l^^!^ 
took  place  immediately.  The  next  morning  (Saturday),  on  exau-  fe^^" 
ing  the  mouths  of  these  arteries,  thej  were  found  quite  closed  v(,h  y'-'^ 
that  in  twenty-four  hours  the  muscular  coat  had  contracted  to  Eii  K^^' 
a  degree  as  to  close  up  the  area  of  the  artery.  On  Saturday  maraB{  V^ 
the  experiment  of  Friday  was  repeated  with  another  inch  of  tk  l^.  ^ 
cord,  with  precisely  the  same  results,  but  after  its  repetition  ontk  1^ 
Sunday,  it  was  found  on  the  Monday  that  the  mouths  of  the  tnim  |^^^ 
remained  open,  their  muscular  coat  haying  by  that  time  lost  iti  em- 
tractility.* 

The  difference  in  the  results  obtained  by  Hales,  as  regards  tk 
velocity  with  which  certain  fluids  passed  through  the  bloodYcssA. 
is  referable  to  the  contractile  power  of  the  arteries.     Thus,  vkik 
warm  water,  injected  into  the  bloodvessel  of  a  dog's  bowels,  piiMl 
in  fifty-two  seconds,  the  same  quantity  of  common  brandy  took  sixtr- 
eight  seconds ;  cold  water  (fourteen  degrees  above  freezing)  m 
eighty  seconds  longer  in  passing  than  the  same  quantity  of  wm 
water  just  before.     A  strong  decoction  of  bark  took  much  longer  to 
pass  through  the  vessels  than  the  same  quantity  of  warm  mux. 
Sixteen  pots,  of  equally  warm  decoction  of  bark,  were  sncceflHrelj 
poured  in,  the  first  of  which  passed  in  seventy-two  seconds;  tk 
sixteenth,  '^as  the  vessels  grew  more  and  more  contracted  by  tk 
styptic  quality  of  the  decoction,"  was  224  seconds  in  passing-f 

This  contractile  power  in  the  walls  of  arteries  (their  tone  or  fm- 
sive  contraction)  is  capable  of  modifying  considerably  the  chirietier 
of  the  pulse.  When  it  is  feeble,  the  artery  offers  but  slight  nsil- 
ance  to  the  entrance  of  the  blood,  and  it  therefore  yields  more  eon- 
pletely  under  the  force  of  the  heart.  Hence,  fulness  of  pnbe  and 
feebleness  of  muscular  power  of  totie  in  the  wall  of  the  artery,  tit 
apt  to  go  together.  On  the  other  hand,  an  exalted  mnscuhr 
power  or  tone  in  the  wall  of  the  artery,  by  contracting  the  arteriil 
tube,  and  resisting  the  flow  of  blood,  would  cause  a  small^  hari* 
and  even  a  tviri/  pulse;  or  a  similar  effect  might  be  produced  by 
an  irritating  fluid,  as  a  diseased  blood,  passing  through  the  artery. 
Again,  failure  of  the  tonic  property  of  the  arterial  wall  canse* » 
compressible  ipulsc;  an  excited  or  well-developed  tonic  power,  wiD 
case  an  incompressible  pulse. 

Of  the  Force  of  the  Heart. — The  blood  encounters  consi»leral'!c 
obstacles  to  its  passage  through  tlie  vascular  system,  which  tend  i" 
bring  it  to  a  state  of  rest.  The  friction  against  the  inner  surface  of 
the  vessels,  and  the  resistance  of  the  elastic  and  muscular  dementi 
of  their  walls  to  distension,  must  be  overcome  by  any  force  capable 
of  keeping  up  a  continual  renewal  of  the  supply  of  blood  to  the  seTenl 
organs.  Moreover,  a  certain  rate  of  movement  must  be  mHiiitaintJ 
in  the  blood's  current.     The  attainment  of  these  objects  is  clearly 

*  Hunter,  loc,  cit.  p.  110.  Tlic  muscular  fibres  of  the  arteries?  oi  n  pnrt  rwt') 
de;j'l  piLss  into  tlic  state  of  rhfor  mortis,  like  that  (»f  other  muscles,  wliicli  vi:!  !■».<* 
certnin  time:  tlie  projior  period  for  anatomical  injections  i.s  cither  /"/--f  tlie  r.:' 
mortis  hajf  come  on,  or  a/fer  it  lias  ceaised. 

t  iiiema>tatickj«-,  p.  I1.M,  et  ;fi-fj. 
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ided  for,  in  the  main,  by  the  action  of  the  heart,  and  that  living 
p  is  doubtless  endowed  with  energies  safficient  to  dri^e  into 
ilood?es9els  renewed  supplies  of  blood,  with  a  force  and  a  velo- 
exactlj  adapted  to  overcome  such  natural  obstacles  as  the  action 
16  vascular  system  must  naturally  create. 
>  estimate  the  force  of  the  heart,  we  must  ascertain  the  pressure 
h  the  blood  exercises  on  the  walls  of  the  bloodvessels  during 
and  we  must  measure  the  rate  at  which  it  flows  through  them, 
fluid  flowing  through  a  tube  exerts  a  double  force,  one  in  the 
ition  of  the  long  axis  of  the  tube,  the  force  of  the  stream^  of 
h  the  velocity  gives  a  measure,  and  another,  which  is  the  pres- 
of  the  fluid  against  the  wall  of  the  containing  tube  or  the  lateral 
mre.  This  latter  force  is  always  proportionate  to  the  resistances 
h  the  fluid  has  to  encounter  to  its  flow.  The  longer  the  tube, 
igh  which  the  fluid  passes,  the  rougher  its  walls,  the  narrower 
opening  through  which  it  escapes ;  and  the  more  glutinous  the 
,  the  greater  the  lateral  pressure.* 

tube  fixed  into  the  walls  of  the  tube  through  which  the  fluid 
ly  and  at  right  angles  to  it,  afibrds  a  simple  means  of  measuring 
ateral  pressure,  by  the  height  to  which  the  fluid  will  rise  in  it. 
anally  simple  means  we  may  measure  both  forces,  if  the  measuring 
be  prolonged  into  the  other  tube  with  its  orifice  opposite  to  the 
m.  The  height  which  the  column  of  fluid  will  attain  in  a  tube 
rranged,  will  indicate  the  altitude  from  which  it  must  have 
[iy  to  acquire  the  velocity  and  force  with  which  it  streams 
Igh  the  main  tube. 

tot,  a  distinguished  French  engineer,  who  lived  about  the 
le  of  the  last  century,  employed  a  tube  of  this  kind  for  mea* 
tg  the  velocity  of  the  stream  in  rivers.  The  tube  was  bent  at 
hi  angle,  into  two  unequal  branches,  and  the  smaller  or  hori- 
il  branch  was  immersed  in  the  stream  with  its  mouth  opposed 
The  height  of  the  column  sustained  in  the  tube  afforded  a 
nre  of  the  force  and  velocity  of  the  stream,  that  height  bein^ 
ma  the  watet  must  have  fallen  from,  in  order  to  have  acquired 
ame  velocity. 

ales  adopted  a  similar  method  to  measure  the  pressure  of  the 
1  in  the  arteries.  He  inserted  into  the  left  crural  artery  of  a 
)j  a  brass  pipe,  whose  bore  was  one-sixth  of  an  inch  in  diameter ; 
to  that,  by  means  of  another  brass  pipe,  he  fixed  a  glass  tube 
smrly  the  same  diameter,  which  was  nine  feet  in  length.  When 
>lood  was  allowed  to  flow  into  this  tube  it  rose  in  it  to  a  height 
b  feet  three  inches  above  the  level  of  the  left  ventricle  of  the 
t.  After  considerable  loss  of  blood,  however,  the  power  of 
itaining  a  column  of  this  height  ceased,  and  the  blood  rose,  after 
necessive  bleedings  to  seven,  six,  five,  four,  and  at  length,  to  two 
four  inches. 

L  a  second  experiment,  exactly  the  same,  excepting  that  it  wls 
a  on  a  horse  of  more  vigour  than  the  subject  of  the  previous  onoi 

Sm  Volkmann,  die  HflBmodjnamik  nach  Venuchen.    Cap.  L  Leipzig,  1850. 
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the  blood  rose  to  nine  feet  eight  inches,  and  fell  sabseqnently.  after 
successive  bleedings,  in  the  same  manner  as  in  the  first  experimciL 
A  third  experiment  made  upon  a  mare,  consisted  in  fixing  the  brav 
pipe  into  the  carotid  artery  towards  the  heart,  and  to  that  the  tiai- 
pipe  of  a  goose,  on  account  of  its  pliancy,  and  to  the  other  end  4 
that  a  glass  tube,  twelve  feet  nine  inches  long.  The  blood  raeii 
the  tube  to  nine  feet  six  inches,  and  behaved,  in  all  respect?,  rniek 
in  the  same  way  as  in  the  former  experiments.  And  aftenraiA^ 
Hales  experimented  in  the  same  way  on  the  sheep,  the  deer,  the  dog. 
with  results  essentially  similar,  but  varying  with  the  size  audgenenl 
power  of  the  animal. 

Hales  estimated  the  force  of  the  left  ventricle  of  the  heart  at  tk 
moment  of  its  systole,  by  multiplying  the  area  of  its  inner  sorhi 
into  the  height  of  the  column  of  blood  in  the  tube  which  it  vasen^ 
ble  of  sustaining,  calculating  also  the  absolute  weight  of  the  quiM 
of  blood  which  formed  that  column.  From  these  data  he  codcIbIn 
that  the  contraction  of  the  left  ventricle  of  the  horse's  heirt  m 
capable  of  sustaining  a  weight  of  113  lbs.,  that  of  the  sheep  36.3$ 
lbs.,  that  of  the  dog  33.G1  lbs.,  when  the  animal  weighed  52  IK 
and  19.8  and  11.1  lbs.  in  dogs  weighing  respectively  twenty-fooraBl 
eighteen  pounds. 

.  Poiseuille  improved  upon  the  method  of  Hales*s  experiment!,  ui 
obviated  some  objections  to  them.  He  employed  an  instrnment 
which  he  called  the  luvmadynamometer,  (Fig.  201.)  This  consisted 
of  a  glass  tube  bent  so  as  to  form  a  horizontal  (B")  and  two  perpw- 
diculiir  (BB')  portions.  The  horizontal  portion  is  capuhle  of  behij 
,  adapted  by  means  of  brass  tubes  of  various  size  to  arteries  or  veins, 
however  different  in  caliber.  The  tube  is  attached  to  a  bo:inl(AA'l 
on  which  a  scale  is  marked.  To  use  it,  mercury  is  pourod  into  the 
perpendicular  branches  of  the  tube,  and  will,  of  course,  stand  «t 
the  same  height  in  each  when  the  instrument  is  kept  in  the  per- 
pendicular. 

In  order  to  prevent  the  coagulation  of  the  blood,  which,  by  caw- 
ing it  to  adhere  to  the  sides  of  the  tube,  would  coniplioate  the  experi- 
ment (:i  point  not  provided  against  in  Iliilcs's  experiments),  a«[uaiii.tj 
of  a  strong  solution  of  carbonate  of  soda  is  poured  into  the  horiwntJ 
branch,  and  will  therefore  rest  upon  the  column  of  mercury  in  the 
nearest  vertical  branch. 

The  instrument  is  now  adapted  by  means  of  a  pipe  provi«le«l 'i'^i 
a  stopcock  (F)  to  the  artery  in  which  the  blood  is  to  be  uieasurei 
On  opening  the  stopcock  the  blood  ruslies  into  the  horizonial  tube. 
mingles  with  the  alkaline  solution,  and  pushes  down  the  mercury,  is 
the  vertical  tube  B',  that  in  the  tube  B  rising  to  the  same  exttni  is 
the  first  is  depresseil.  The  rise  and  fall  of  the  mercury  in  each  ver- 
tical branch  can  bo  measured  on  scales  placed  behind  theui.  ami  fc 
the  rise  and  fall  are  ecjual,  the  double  of  either  will  give  the  \ivv^^ 
of  a  column  of  mercury  which  the  force  of  the  stream  of  M'joJ  '»-; 
able  to  maintain.  By  causing  the  blood  to  press  upon  a  coluwU'^- 
mercury,  Poiseuille  got  rid  oi'  the  necessity  of  having  a  very  laj 
tube  as  used  by  llale>i. 
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lies  inferred,  from  bis  obserrations  on  the  lower  utinwb,  mi  • 
larison  of  the  measurements  of  their  arteries  with  those  of  man, 


the  force  of  the  heart  in  the  hnman  subject  is  capable  of  8U8- 
Dff  in  a  tube  fined  in  the  carotid  artery  a  coIuoiq  of  blood  7^ 
high,  and  calculating  the  surface  of  the  left  ventricle  at  15 
re  inches,  he  concludes  that,  when  it  first  begins  to  contract,  the 
ride  supports  a  pressnre  of  51.5  lbs.  of  blood.  And  Foisenille 
ns  4  lbs.  4  oz.  as  indicating  the  force  which  the  left  ventride 
'jt  at  the  moment  of  its  contraction  in  propelling  the  blood  into 

ilkmann  combats  the  grounds  upon  which  Poisenille's  calculation 
brmed;  and  assigns  the  heart's  power  as  equivalent  to  the  force 
h  sets  the  stream  of  blood  in  motion,  and  gives  it  its  proper  re- 
fj  and  also  to  that  which  enables  it  to  overcome  the  obstacles  it 
o  encounter.  This  latter  power  is  determined  by  the  pressure 
e  artery,  which  is  found  in  the  mean,  in  the  carotid  artery  of 
mals,  to  be  capable  of  supporting  a  column  of  mercury  of  200 
metres,  or  about  7  inches ;  or  a  column  of  blood  of  2700  milli- 
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metres  (mercury  being  13.5  times  heavier  than  blood) ;  vhilst  tke 
former  force,  taking  the  actual  velocity  of  the  blood  in  the  cob- 
mencement  of  the  aorta  at  400,  and  in  the  carotid  at  800,  vodib 
represented  by  a  column  of  blood  a  little  more  than  8  millimetraii ' 
height.  Thus  it  would  appear  that  the  force  of  the  heart  nay  k 
expressed  by  the  following  formula:-:^ 

H  s  8.2  +  2700  milUm. 

or  that  it  is  capable  of  supporting  a  column  of  blood  nearly  9  fat 
in  height,  which  is  equivalent  to  a  column  of  mercury  of  aboit  8 
inches.* 

That  the  hearths  force  is  extended  to  the  whole  arterial  syitn, 
and  must  therefore  be  highly  instrumental  in  maintaining  the  cizct- 
lation  through  it,  is  shown  by  the  fact  that  a  considerable  preasnreii 
exerted  in  the  various  arteries,  which  can  be  measured  by  the  hen- 
dynamometer,  or  by  other  instruments.  Poiseuille  had  affirmed  tbK 
the  pressure  in  all  the  arteries  was  the  same,  a  column  of  merenj 
of  the  same  height  being  supported  by  the  blood's  pressure  in  iHf 
This  doctrine,  however,  is  at  variance  with  every  obvious  hydnlj- 
namic  fact,  as  also  with  the  results  of  other  observations,  of  wU^ 
those  of  Yolkmann  seem  the  most  trustworthy.  Yolkmann  Aim 
that  a  fluid  flowing  through  a  system  of  tubes  has  to  encounter  it 
the  point  of  its  entrance  into  it  the  sum  of  the  resistances  wUd 
oppose  it  throughout  the  entire  area,  and  these  resistances  detenuoe 
the  amount  of  pressure  needed  for  its  propulsion.  Applying  tUi  to 
the  arteries,  it  is  plain  that  in  them  the  blood  has  to  encounter  the 
resistances  in  the  capillaries,  in  the  small  arteries,  in  the  middk- 
sized  arteries,  and  in  the  arterial  trunks — a  fact,  which,  by  assigmng 
to  the  resistance  in  each  of  these  regions  the  symbols  x,  y,  z,  r,i 
representing  that  in  the  arterial  trunks,  and  the  other  letters  thit 
in  each  of  the  remaining  segments  of  the  system,  may  be  thos  ex- 
pressed, P  (being  the  pressure  in  the  commencement  of  the  arteriil 
tree)  =  x  +  i/  +  z  +  Wj  whence  it  is  plain  that  the  amount  of  wpk- 
sure  cannot  be  the  same  in  all  parts  of  the  arterial  system,  but  uim- 
nishes  steadily  as  the  artery  is  more  distant  from  the  heart. 

Spengler's  experiments  so  far  disprove  the  accuracy  of  Poiseuille's 
statement  as  to  show  that  the  pressure  of  the  blood  differs  consiJer* 
ably  in  diflercnt  arteries ;  but  in  the  greater  number  of  his  observa- 
tions the  pressure  appeared  to  be  greater  in  the  arteries  more  disun: 
from  the  heart,  some  showing  a  difference  of  36  millimetres  in  fivoor 
of  the  more  distant  artery ;  but  in  one  of  the  instances  quoted  by 
Volkmann  from  Spengler,  there  was  a  difference  of  10.6  millimetres 
in  favour  of  the  carotid  artery  as  compared  with  the  maxillary.. 


♦  See  tlie  remarks  on  this  subject  in  the  late  Dr.  Younp's  Croonian  Lecturr  i^nthe 
Functions  of  the  Hc«rt  and  Arteries.  Phil.  Transl.  1800,  an<]  republished  in  hJ 
Intniduction  to  Med.  Literature,  18lJ3,  p.  GOT,  et  seq. 

t  As  an  exani]  "       " 
heart,  and  that 

curj'  of  17?».01  millimetres.  Whence  Poiseuille  infers  that  ii  particle  of  M«iod  in  the 
carotid,  distant  from  the  heart  li(>8  millim.,  moves  with  the  same  force  as  ft  ptrticJ* 
in  the  humeral  artery,  which  has  a  distance  of  oU3  millim. 


.Med.  Literature,  1823,  p.  UOi,  et  seq. 

iple,  the  pressure  in  the  carotid  of  a  do(^,  distant  208  milUm.  fron  Uk 
in  tlie  humeral  artery  808  millim.  distant,  support  a  c(»Iunin  oi"  nn- 

ril* ._  «■'!  ■w*"  "n         •       m  .1  ...  ...  «■         .1.. 


UVFLUBNCE  OF  RE8PIRA.TI0N.  689 

Bat  Yolkmann's  very  numerous  observations,  made  with  more  per- 
itefc  instruments  than  those  used  by  Spengler,  show  a  marked  differ- 

toe  of  pressure  in  the  near  and  in  the  distant  arteries.  Thus,  eight 
irvations  on  the  carotid,  and  a  branch  of  the  femoral  artery  of  a 
hrge  dog,  gave  a  mean  of  7.2  millimetres  (0.27  inch)  in  favour  of 
the  carotid.  And  ten  observations  on  the  carotid  and  metatarsal 
arteries  of  a  calf  yielded  a  mean  of  27  millimetres  (1.05  inch)  in 
favour  of  the  carotid;  and  twelve  observations  on  the  same  arteries 
if  another  calf  save  a  mean  of  19.5  millimetres  also  in  favour  of 
the  carotid.  Yolkmann  has  also  shown  that,  in  the  same  artery,  a 
BOtably  greater  pressure  exists  in  the  part  near  the  heart,  than  in 
Ikat  more  remote  from  it,  which  is,  of  course,  the  more  conspicuous, 
m  tiie  distance  between  the  two  points  measured  is  greater. 

Jnfluence  of  Systole  and  Diastole.— Uiles  had  observed,  in  his 
isperiments  with  a  simple  glass  tube,  that  a  rise  and  fall  took  place 
hk  the  column  of  blood  to  a  variable  extent  at  and  after  each  pulse. 
Xhie  observationr  has  been  confirmed  by  Ludwig,  and  also  by  Yolk- 
mann. The  rise  corresponds  to  the  heart's  systole,  the  fall  to  the 
fiastole.  This  affords,  in  the  greatest  part  of  the  arterial  system, 
the  clearest  proof  of  the  extension  of  the  heart's  influence  through- 
out it.  And  Poiseuille  showed  that  the  pulsations  of  the  heart  could 
be  counted  by  noticing  the  advance  of  the  blood  in  pulses  along  the 
eapillaries,  and,  under  certain  circumstances,  even  along  the  small 
veinfl. 

Jnfluence  of  Respiration. — That  respiration  exercises  an  influence 
uon  the  circulation  has  been  likewise  noticed  by  several  observers. 
Bales  had  referred  to  this ;  he  had  noticed  how  the  straining  efforts 
of  the  animals  which  were  made  the  subjects  of  his  experiments, 
were  followed  by  a  rise  of  the  column  of  blood  in  the  tube,  and  how 
the  same  effect  followed  deep  sighing.  And  Poiseuille  found  that 
daring  expiration  the  height  of  the  column  of  mercury  was  much 
iBereased,  but  that  it  fell  in  inspiration.  In  forced  and  deep  inspi- 
rations the  force  of  the  heart  becomes  so  much  diminished  in  some 
CMOS  that  no  pulse,  or  at  most  a  very  feeble  one,  can  be  felt  at  the 
wrist:  on  the  other  hand,  in  forcible  expirations  the  pressure  of  the 
Uood  in  the  arteries  becomes  double  its  normal  amount.  This  has 
been  farther  confirmed  by  Ludwig  and  Yolkmann.  The  fact  is  of 
practical  interest,  and  affords  good  reasons  why  the  practitioner 
ihoald  caution  those  whose  arteries  are  weakened  by  a  diseased  state 
of  their  tunics,  against  strong  efforts,  or  against  any  action  likely  to 
disturb  the  quiet  and  freedom  of  the  breathing. 

The  heart's  force  is  materially  weakened,  as  Blake's  experiments 
show,  by  the  introduction  into  the  circulation  of  poisonous  agents 
of  a  sedative  nature.  And  there  is  every  reason  to  believe  that  the 
existence  of  particular  animal  poisons  in  the  blood,  as  the  typhus 
poison,  that  of  scarlet  fever,  of  erysipelas,  &c.,  is  capable  of  depress- 
iBgthe  heart  and  weakening  the  circulation. 

Thus,  then,  as  far  as  regards  the  powers  by  which  the  blood  is 
moved  in  the  arteries,  it  may  be  stated  that  the  circulation  is  main- 
tained in  them  by  the  force  of  the  heart;  replaced  and  propagated 
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throughout  the  system  by  the  elastic  reaction  of  the  arterial  tnnk!, 
and  to  a  certain  extent  restrained  or  modified  by  the  muscalir  en- 
traction  of  the  same  tunic,  which  likewise  serves  very  accoratelj  to 
adapt  the  size  of  the  arteries  to  the  quantity  of  blood  contained  ii 
them. 

On  the  Velocity  with  which  the  Blood  moves  in  the  ^rfovt.— 
The  calculations  of  Hales  and  others  on  this  subject,  led  to  idw 
respecting  the  velocity  of  the  blood,  which  appear  to  be  extravaguL 
Thus  Hales  inferred  the  velocity  of  the  blood  at  the  commeneesKat 
of  the  aorta  in  man,  to  be  at  the  rate  of  735  feet  in  a  second !  The 
data  upon  which  these  calculations  were  founded  are  uncertain  ud 
unsatisfactory,  such  as  the  measurement  of  the  area  of  theaonait 
its  origin,  and  the  capacity  of  the  ventricle  and  the  quantity  of  blood 
expelled  by  each  systole. 

Yolkmann  has  lately  devised  an  instrument  for  the  direct  admea- 
surement of  the  rate  of  the  blood's  movement  in  the  arteries.  He 
calls  it  the  hmmodromometer.  It  consists  of  a  glass  tube,  contaia- 
ing  water,  52  inches  long,  bent  into  the  form  of  a  hair-pin,  which  is 
substituted  for  a  segment  of  the  bloodvessel,  in  which  it  is  requred 
to  measure  the  velocity  of  the  blood's  stream.  The  column  of 
blood  which  comes  from  the  heart  pushes  the  column  of  water  before 
it,  without  any  great  mixture  of  the  two  fluids  taking  place, 
and  in  passing  through  a  determined  space  it  takes  a  measurable 
time,  whence  it  may  be  calculated  how  far  the  blood  moves  in  a 
second. 

The  following  description  will  explain  the  instrument  and  tie 
mode  of  using  it.  At  A  (Fig.  202)  is  a  metal  tube,  an  inch  and  a 
half  in  length  ;  the  ends  of  this  (a,  a')  are  conical,  and  fit  into  two 
corresponding  conical  tubes  (A:,  i'),  made  like  the  pipes  of  an  inject- 
ing syringe,  so  that  they  can  be  readily  fitted  into  an  artery.  A 
stopcock  (//)  commands  the  channel  of  this  tube,  not  only  at  a' but 
also,  by  two  cogged  wheels,  at  a.  The  mechanism  of  this  arrange- 
ment may  be  readily  understood,  by  reference  to  the  adjoining  see- 
tions  oF  this  portion  of  the  instrument  and  IJ  and  C,  and  the  view  of 
its  other  surface  at  D  (/*,  r*  D).  At  /«,  h'  are  two  short  tuhesal*^: 
of  metal,  which  arc  fitted  into  the  horizontal -tube  below  the  sto[; cock, 
and  so  that  their  channels  (as  shown  at  C)  may  communicate  wiih. 
and  be  exactly  c([ual  to,  that  of  the  horizontal  tube.  The  stopock 
(//)  commands  this  communication  likewise.  These  short  tubes  i/i,  A'' 
fit  exactly  upon  the  bent  glass  tube  (/>,;>),  and  complete  the  communi- 
cation  between  its  channel,  and  that  of  the  horizontal  tube  at  its  ex- 
tremities. When  the  stopcock  is  turned  so  as  to  open  the  channel 
of  the  horizontal  tube  throughout,  as  at  B,  all  communication  vi:li 
the  glass  tube  is  cut  oft*;  on  the  other  hand,  when  the  communicat:.»!i 
with  the  glass  tube  is  opened,  as  at  C,  the  channel  of  the  horixontsl 
tube  is  stopped,  and  iluid  entering  at  a\  would  have  to  pass  throujli 
//',  and  to  traverse  both  limbs  of  the  glass  tube  {p,p)  emerging  at '. 
For  the  protection  of  the  instrument  in  using  it,  the  glass  tube  ii 
ii.ttached  to  a  board,  to  which  is  fixed  a  scale  marked  in  metal. 

In  order,  then,  to  use  the  instrument,  a  large  artery  is  freely  ex- 
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Ced  for  not  leBe  than  three  inches,  and,  after  due  precaution  has 
a  taken  to  counteract  hemorrhage,  it  is  divided  b;  catting  out  a 
piece ;  the  conical  pipes  {k,  k')  are  then  fixed  into  the  open  ends 


of  the  artery,  one  being  directed  towards  the  heart,  tho  other  to- 
verda  tbe  capillaries.  They  tnust  be  6xed  far  enough  apart  to 
mdmit  of  the  introduction  of  the  horizontal  tube  ^A)  between  them, 
irithont  altering  the  usual  direction  of  the  arterial  stream.  When  this 
tube  is  fitted  to  the  conical  pipes,  then  the  bent  glass  tube,  pre- 
viously filled  with  water,  must  be  fixed  to  it  by  means  of  the  short 
tabes  {h.  A',  C),  the  stopcock  being  so  turned  as  to  shut  ofi"  all  com- 
flraiycation  vith  the  glass  tube.  As  soon  as  the  instrument  has  been 
properly  fixed  in  the  artery,  the  blood  is  allowed  to  flow  into  the 
glass  tube.  It  may  be  now  seen  to  traverse  the  glass  tube  with  & 
velocity  very  nearly  the  same  as  it  has  in  the  artery,  and  in  doing 
BO  it  poshes  tho  water  before  it  into  the  peripheral  bloodvessels,  with 


(■OBOrAiig  to  YnOouiUU)  Only  a  very  slight  admixture  betirwn 
twoflotdt. 

Bj  tiula  wai»  mtli  ba  beemodromometer,  Volkmann  t 
the  MM  of  MTCn  do^  that  the  blood  flowed  in  their 
irith  B  Telodtj  nnging  between  20o  and  357  milliniecrrs  in  t 
seeond ;  in  that  <tf  bona^  306  to  234 ;  in  the  metatitrsal  utot 
of  the  honOy  60^'  ittd  &  Uie  maxillary  artery  of  the  eanie  uiimal 
99;  in  tho  owwUI  of  %  calf,  431.  The  average  velocity  is  the 
earotida  of  mtnnnik  ii  tuted  by  Volkmann  to  be  300*  miUiinmii* 
in  a  aeoond.  • 

It  resnltB,  likewise,  from  these  obst-rvations,  that  the  velociiy  vi 
the  blood  in  the  large  utettes,  and  also  in  the  large  veins,  i»cno- 
udenblf  mster  than  in  the  capillaries ;  that  the  velocity  in  tutrrid 
ia  not  uniform,  bat  is  mddenly  increased  at  each  systole  of  the  heirt, 
and  that  tho  blood  morea  most  quickly  in  the  arteries  nearest  ih« 
t.  It  appeara,  alao^  that  the  blood's  velocity  is  materially  ^tt- 
1  by  loaa  of  blood,  and  that  increased  rate  of  pulse,  which  alwi](t 


follows  oonaiderabla  Umms  of  blood,  is  no  indication  of  a  more  npi 
Uood-ennreot^  baL  <m  the  contrary,  often  accompaniea  a  retardalisa 
of  h.     Tho  tntilooi^  of  the  blood-current  is  influenced  not  so  mud 
ij  the  rate  of  aatiim  of  tho  heart,  as  by  tho  intensity  of  its  systi^ 
and  the  qoantitjr  of  Uood  which  it  expels  at  each  contraction.       J 
Hnoh  waa  foTmeily^^d  respecting  the  disposition  of  tbo  arttiiH 
tree^  bung  anoh  thrt  the  combined  areas  of  the  braDchu  i^  l^| 
arteiy  ezooeded  that  of  the  trunk,  and  <^*MMnlJMMJK*nMd|^| 
series  of  snbdirisions,  tho  blood  6ows  intaMB|B|JH|JMHH^^^| 
(torn.  i.  p.  77)  aacribea  the  first  obsarr^oB  of  OtakM  loM 
Englishman  named  Colfl.t    It  is  repeated  bj  E^ll^  Halas,  lalBHf 
others,  among  them  John  Hunter  and  Sir  C.  BeB.    no  laBMi 
-        -       - j».  ^^ 


effect  of  such  an  arrangement  would  obTioosly  ba  to  < 

rate  of  movement  of  the  blood  as  it  flows  fnm  tnmks  ' 

Bnt  the  careful  measurements  of  Hr.  Femaby  and  «f  lb*,  tt^ 

render  it  neoessary  -to  modify  the  general  propomtioa  to  aoBe  cBMlL 

Mr.  Femabyl  compared  the  areas  of  trunks  and  bimndiea  ia  A* 
only  sound  way,  namely,  according  to  the  geometrical  law,  that  thi 
areas  of  circles  are  as  the  squaret  of  their  diameters,  Ei  ' 
thus,  he  found  that  the  excess  of  the  combined  areas  of  the  b 
over  those  of  the  trunks  was  very  trifling,  and,  in  i 
scarcely  appreciable ;  and  Mr.  Paget,  while  confirming  the  geoml 
statement  of  Mr.  Fernaby,  diacovered  a  remarkable  exception  in  A* 
case  of  the  common  iliac  arteries,  whose  combined  areas  were  dil- 
tinctlv  less  than  that  of  the  aorta  above  the  point  of  hifiiroirimi 
and  toe  combined  areas  of  the  external  and  internal  iliaes  wan  iM 
than  that  of  the  common;  but  those  of  the  branches  of  the  extami 
iliac  exceeded  notably  the  area  of  their  parent  trunk.} 

Yolkmaun  states  that,  in  general,  the  arterial  capacity  is  iotta^ei 

*  Tolcntblj  olasa  ftpproiiniBtioiis  to  the  value  of  tbew  mMtanrntnla  ia  K^U 
ineheB,  nuj  be  obtklned  by  dividing  Mch  nomber  by  26. 

JDe  Seoretlone  uilnutli.     Oion.  1674. 
Um±  UmL  Qu.  1889.  J  Load.  Ued.  Osl  lUt 
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III  mres  by  the  division  into  branches.  But  he  instances  a  remark- 
able exception  in  the  case  of  the  external  and  internal  carotids  of 
the  horse,  whose  combined  areas  are  smaller  than  that  of  the  trunk. 
He  remarks,  likewise,  that  the  first  divisions  of  the  larger  arterial 
tronks  (aorta  and  pulmonary  artery)  experienced  very  little  increase 
of  area;  but  that,  as  subdivision  goes  on,  the  increase  becomes  much 
anore  marked.  And  it  is  especially  so  near  the  capillaries,  where  the 
oombined  areas  of  some  small  branches  nearly  double  that  of  their 
parent.  This  is  particularly  interesting,  as  denoting  the  coincidence 
of  physical  conformation  with  the  result  of  direct  observation,  on  the 
Telocity  of  the  blood,  which  show  that  it  is  near  the  capillaries  that  the 
moBt  decided  diminution  takes  place  in  the  rate  of  the  blood's  motion. 

Cf  the  Circulation  in  the  Capillaries. — The  manner  in  which  the 
blood  flows  through  the  capillaries  is  easily  made  the  subject  of  direct 
observation  by  examining  the  transparent  parts  of  certain  animals, 
as  the  wings  of  bats,  the  mesenteries  of  small  animals  as  the  mouse, 
the  web  of  the  frog's  foot,  the  lung  of  the  frog,  or  of  the  newt,  &c. 

In  watching  the  circulation  in  the  web  of  the  frog's  foot  under  the 
aaicroscope,  with  a  magnifying  power  of  about  200  diameters,  the 
following  points  will  attract  observation ;  first,  it  will  be  seen  that 
the  stream  is  continuous,  that  is,  it  rushes  with  a  considerable  velo- 
eity,  which  is  uniform  when  not  affected  by  any  extraneous  influence; 
the  course  and  rate  of  the  stream  are  indicated  by  blood-particles 
vhich  are  carried  along  in  it,  and  which  seem  to  chase  each  other 
through  the  various  channels  and  among  the  little  islands  of  the  solid 
particles  of  the  tissue  which  the  blood  is  destined  to  nourish.   These 
particles  most  frequently  pass  in  a  single  row,  with  a  variable  inter- 
val between  them ;  sometimes,  however,  they  seem  to  rush  in  pairs, 
or  in  threes,  according  to  the  size  of  the  capillary  channels  through 
which  they  flow.   Secondly,  it  will  be  noticed  that  the  greatest  velo- 
mtj  of  the  stream  is  in  its  centre,  a  fact  which  comports  with  what 
is  observed  in  rivers  and  other  channels  through  which  water  flows, 
vhile  towards  the  circumference  the  stream  becomes  much  slower, 
so  that  the  layer  of  fluid  which  is  in  immediate  contact  with  the  ca- 
pillary wall  is  almost  or  completely  still.     The  particles  are  carried 
along  in  the  centre  or  rapid  part  of  the  stream,  and  but  occasionally 
a  solitary  particle  seems  attracted  towards  the  circumference.    This 
is  most  frequently  a  colourless  corpuscle,  so  that  sometimes  several 
•ooloorless  corpuscles  are  seen  at  intervals  in  contact  with  the  wall  of 
the  capillary,  as  if  drawn  to  it  by  some  special  attractive  force,  or 
moving  much  more  slowly  around  the  central  mass  of  red  particles. 
The  sudden  change  from  a  rapid  to  a  slow  movement,  or  to  perfect 
stillness,  when  one  of  these  particles  is  thus  drawn  from  the  centre 
to  the  circumference  of  the  stream,  serves  to  display,  in  a  very  satis- 
factory manner,  the  peculiar  feature  of  this  portion  of  the  contents 
of  the  capillary,  which,  from  its  apparent  stillness  and  from  the  pau- 
city of  blood-particles  in  it,  has  been  called  the  still  layer  of  the  liquor 
sanguinis.    The  existence  of  this  still  layer  is  doubtless  a  purely  phy- 
sical phenomenon,  identical  with  that  which  is  known  to  take  place 
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vrhcn  fluids  pass  through  inorganic  capillary  tubes,  in  which  the  ci> 
cumfcrontial  layer  seems  to  adhere  or  to  be  attracted  to  the  wall  of 
the  tube,  and  it  would  clearly  favour  the  transmission  of  natrimt 
or  other  material  dissolved  in  the  liquor  sanguinis,  through  the  vail 
of  the  vessel,  in  obedience  to  a  force  of  attraction  between  the  blood 
and  the  tissue.  This  still  layer  forms  but  a  small  portion  of  the  whok 
capillary  stream — perhaps  about  one-eighth  or  one-tenth  its  breadth; 
it  is  greater  when  the  circulation  is  slower ;  it  is  also  broader,  and 
therefore  more  visible,  when  a  vessel  makes  a  bend.  The  applicaiioa 
of  cold  to  the  capillaries  increases  the  breadth  of  this  layer,  whiln 
heat  produces  an  opposite  change. 

The  capillary  vessels  dilate  or  contract,  under  particular  ciraun- 
stances.  Their  dilatation  is  passive,  Jind  due  cither  to  an  increased 
pressure  of  the  blood  into  them,  or  to  their  distension  under  the  same 
pressure  in  consequence  of  diminished  tone  of  their  wall.  Their 
contraction  is  caused  either  by  an  inherent  contractile  power  ia 
them,  or  by  the  diminution  of  their  contents  in  consequence  of  the 
contraction  of  the  capillary  arteries,  in  which  latter  case  diminished 
pressure  permits  them  to  contract,  in  virtue  of  the  elasticity  of  their 
walls.  This  latter  would  be  the  more  probable  view,  in  default  d 
any  proved  existence  of  a  muscular  structure  in  the  walls  of  the  trae 
capillaries,  but  there  is  no  good  reason  why  the  nuclei  observed  in 
them  should  not  be  regarded  as  belonging  to  muscular  tissue  here  in 
a  membranous  rather  than  a  fibrous  form. 

The  rate  at  which  the  blood  moves  in  the  capillary  circohitiott 
has  been  made  the  subject  of  direct  observation  by  various  phy- 
siologists. It  is  slower  than  in  the  smallest  veins,  and  still  more 
so  than  in  the  smallest  arteries.  Hales  had  stated  the  rate  of  the 
circulation  in  the  capillaries  of  the  muscles  of  a  frog  to  be  an  iuch 
in  a  minute  and  a  half,  and  in  the  pulmonary  capillaries  five  times 
that  velocity.  Subsequent  observers,  Weber,  Valentin,  and  Volk- 
mann,  give  a  somewhat  greater  velocity;  Weber  and  Valentin  make 
it  about  an  inch  and  three  quarters  in  a  minute,  and  A^olkmann  found 
it  about  the  same  in  cold-blooded  animals,  but  twice  as  much  in  the 
capillaries  of  the  mesentery  of  a  young  dog.  These  estimmes  arc 
probably  rather  below  the  real  rate  of  motion  of  the  blood  in  rbe 
capillaries,  it*  \vc  allow  for  the  degree  of  pressure  and  constraint  to 
which  they  must  be  subjected  in  making  the  observations. 

Of  the  Furors  which  maintain  the  Ca/ulhirj/  Cf'n'uJfftiinh — Tho 
principal  force  by  which  the  circulation  is  supportetl  in  the  capillarv 
system,  is  the  vis  a  tcrr/o  of  the  heart.  AVe  have  already  adilncel 
sufficient  evidence  to  prove  that  tliat  force  is  capable  of  driving:  il:o 
blood  throughout  the  whole  circulatint::  svstem.  Tho  followin*^  facts 
may  be  stated  in  proof  of  this  doctrine. 

1.  The  pre^ssure  of  the  blood  may  be  measured  in  the  rcZ/M.  in 
the  same  way  as  in  the  arteries,  and  this  varies  with  the  force  of  ifje 
heart.  If,  then,  the  heart's  force  extends  to  the  veins  it  mui^t  Jo  =■■ 
through  the  capillaries. 

2.  The  capillary  and  venous  circulation  in  any  segment  of  the 
body,  is  greatly  iailuenced  by  the  circulation  in  the  main  artiTV''>i" 
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bat  segment.  Thns,  Magendie  found  the  circulation  much  retarded 
I  the  jfemoral  vein  by  stoppage  of  that  in  the  corresponding  artery; 
nd  by  the  haemadynamometer  it  uiay  be  shown  that  the  force  of  the 
lood  in  the  veins  diminishes  or  increases  \fith  that  in  the  correspond- 
is  artery  under  certain  circumstances. 

8.  In  Fishes,  the  whole  blood  ejected  from  the  heart  passes,  from 
be  bulbus  aortoe,  through  the  branchial  capillaries,  before  it  enters 
be  systemic  vessel;  thus  illustrating  how  the  heart's  force  may  be 
ropagated  through  a  complex  network  of  minute  capillaries,  to 
Ota  arteries  and  veins,  as  well  as  to  the  system  of  capillaries  which 
itervenes  between  them. 

4*  In  debilitated  animals,  it  is  evident,  from  the  jerking  move- 
lant  of  the  blood  in  the  capillaries,  corresponding  with  the  action 
F  the  heart,  that  the  impulse  of  that  organ  is  extended  to  these 
enels,  unbroken  by  the  elastic  reaction  of  the  muscular  contraction 
f  the  arteries.  This  may  be  well  seen  in  watching  the  circulation 
I  the  frog's  web,  or  in  the  tale  of  the  tadpole. 

Thus,  there  can  be  no  doubt  that  the  heart's  force  is  not  only  fully 
deqnate  to,  but  is  the  principal  agent  in,  the  maintenance  of  the 
qpillary  circulation.  When  this  force  fails,  the  circulation  in  the 
a|iillaries  suffer  as  much  as,  if  not  more  than,  that  in  any  other 
ertion  of  the  vascular  system ;  and  the  sluggish  transmission  of  the 
lood  through  the  capillaries,  such  as  we  often  find  when  the  heart 
I  iimply  weakened,  occasions  congestions,  particularly  of  dependent 
ertSy  and  then,  by  the  filtration  of  the  serous  portion  of  the  blood 
brough  the  parietes  of  the  vessels,  oedema  and  anasarca. 

But  however  readily  we  may  concede  that  the  heart's  action  is 
be  principal  force,  it  must  be  confessed  there  are  certain  phenome- 
m  which  do  not  admit  of  satisfactory  explanation,  on  the  supposition 
bat  it  is  the  only  one  employed  in  the  maintenance  of  the  capillary 
ifcalation ;  and  it  seems  more  reasonable  to  assume  the  influence 
ad  exercise  of  some  other  force  superadded  to  this,  in  order  to 
xplain  various  phenomena  which  take  place  in,  or  which  are  de« 
tedent  on,  the  circulation  through  the  capillaries. 

The  more  remarkable  of  these  phenomena  are  blushing,  or,  in 
Mire  general  terms,  the  ihfiuence  of  mental  emotipn  upon  the  capil- 
Kiy  circulation ;  the  influence  of  local  irritation,  whether  accidental 
r  morbid ;  and  the  effects  of  asphyxia. 

It  seems  highly  probable  that  in  the  ordinary  molecular  changes 
rhich  take  place  in  the  nutrition  of  the  tissues,  a  force  is  generated, 
rhicb,  in  its  normal  state,  must  promote,  by  an  attractive  influence, 
he. flow  of  blood  through  the  capillaries.  The  cessation  of  such  a 
orce  would  operate  unfavourably  to  the  flow  of  blood  through  the 
qiillary  system,  whilst  its  existence  in  greater  power  at  one  point 
ken  at  another,  would  cause  a  greater  afflux  of  blood  in  the  former 
ken  in  the  latter  direction. 

The  best  illustration  of  the  exercise  of  this  force,  which,  for  the 
■ke  of  brevity,  may  be  designated  the  capillary  farccj*  is  found  in 

*  The  name  Capillary  force,  ^rhich  was  giyen  by  Pr.  Carpenter,  must  be  taken  as 
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the  circulation  of  the  sap  in  plants.  It  is  exercised  in  two  sitnitioii 
— at  the  roots  and  in  the  leaves — constituting  in  the  one  a  rt«  a  terji, 
and  in  the  other  a  vii  a  f rente.  At  the  roots,  a  rapid  imhibitira  rf 
fluid  takes  place  with  such  energy,  that  it  pushes  before  it  the  Ml 
above  ;  thus,  if  the  stem  of  a  vine,  in  which  the  sap  is  rising,  be  ctf 
across,  a  bladder  tied  over  it,  will,  after  a  short  time,  be  burst  tf 
the  fluid  accumulated  beneath  it;  or  if  a  bent  tube,  containiBgi 
column  of  mercury,  be  affixed  to  it,  the  mercury  will  be  raised  todc 
height  of  forty  inches  or  more.  And  that  a  force  of  attracbOB  ii 
exercised  at  the  leaves,  may  be  shown  by  placing  the  lower  end  of 
the  upper  division  of  the  cut  vine  in  water,  when  an  active  akorp* 
tion  and  circulation  of  water  will  take  place  as  long  as  the  litil 
changes  in  the  leaves  go  on;  but  if  the  vino  be  taken  into  a  dark 
room,  so  as  to  check  these  vital  changes,  the  absorption  andciradi- 
tion  will  likewise  cease.  So  also  the  elaborated  sap  or  latex,  whick, 
from  its  containing  the  elements  for  the  nutrition  and  for  thevanM 
secretions  of  the  plant  may  be  likened  to  the  arterial  blood  of  ani- 
mals, circulates  through  a  complex  system  of  anastomosing  veaadi 
(like  the  capillaries  of  animals),  in  the  under  surface  of  the  kiia 
and  in  the  bark,  and  will  ascend  towards  the  stem,  even  agaimt 
gravity,  in  a  dependent  branch.  The  circulation  of  these  flaidataka 
place  with  the  greatest  activity  in  growing  parts,  in  which  nntrieit 
and  chemical  changes  are  going  on  ihost  actively. 

Professor  Draper,  of  New  York,*  has  given  a  definite  expreanoi 
to  the  nature  of  the  forces  which  operate  in  the  production  of  tke 
circulation  of  the  sap  in  plants,  and  in  that  of  the  blood  in  animals. 
The  laws  of  endosniose  and  exosmose  resolve  themselves  into  the 
following  dogma :  ^^  That  if  two  liquids  communicate  with  one  an- 
other in  a  capillary  tube,  or  in  a  porous  or  parenchymatous  structure, 
and  have  for  that  tube  or  structure  different  chemical  affinities,  mon- 
ment  will  ensue;  that  liquid,  which  has  the  most  energetic  affinitjf 
will  move  with  the  greatest  velocity,  and  may  even  drive  the  other 
liquid  entirely  before  it." 

In  plants,  the  rise  of  the  ascendint^  sap  from  the  ground,  rwdts 
froui  the  attractive  force  of  the  spongioles.  These  appropriate  cer- 
tain elonients  contained  in  the  fluid,  and  exercise  a  nit)re  energetic 
attraction  on  a  new  supply,  which  pushes  the  former  before  it.  Thiij 
the  saj)  a:^cends  to  the  loaves,  pushed  on  by  successive  new  porii'»n? 
attracted  to  the  spongioles.  At  the  leaves,  a  new  force  of  a  similar 
kind,  but  due  to  the  action  of  light,  draws  it  on,  and  causes  it  tc- 
push  before  it  the  newly  formed  latex  or  elaborated  sap,  the  fl«>w  of 
whidi  is  promoted  by  its  affinity  for  the  vegetable  tissues  which  it 
permeates. 

In  the  sy.stcmic  circulation  of  animals,  the  arterial  blood  has » 
great  affinity  for  the  tLssues  to  which  it  is  brought  by  the  capilhrj 
system.     This  force  of  attraction  draws  on  the  blood  from  the  arte- 

moroly  «hMiotinjr  tliat  tlic  f'Mrci*  is  exortcl  at  the  cnpilljirics.  whctluT  it  lio  exiTv-i^;  .'• 
thi'ir  wnll.>j  or  l»y  ;i  mutual  action  betwi'cn  tlic  bluotl  within  uiid  the  ti.-*?ue«  • -■*  *■ 
tiieiii. 

*"  I'll  tlic  Forces  which  i>rocluce  the  Organization  of  Plnnts.     1845. 
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Bide  of  that  system^  with  a  power  which  helps  to  propel  on  the 

genized  blood  into  the  venous  radicles.     In  the  pulmonary  cir- 

.tlon,  venous  blood  is  conveyed  to  the  air-cells  by  the  pulmonary 

This  kind  of  blood  has  a  great  affinity  for  the  oxygen 

cb  is  being  continually  brought  to  those  cells  by  the  movements 

respiration.     It  is  therefore  forcibly  attracted  to  the  air-cells,  and, 

g  charged  with  oxygen,  is  pushed  on  by  the  succeeding  portions 

▼enons  blood,  which  the  same  force  is  constantly  attracting. 

.  It  is  by  the  influence  of  an  attractive  force,  such  as  Professor 

r  describes,  that  we  can  best  explain  the  continuance  of  a 

plex  circulation  in  many  of  the  lower  animals  in  which  no  central 

of  impulsion  exists,  as  in  some  of  the  Polypifera,  and  of  the 

iculata.     In  the  sponge,  the  remarkable  currents  of  water  which 

through  the  various  channels  that  penetrate  its  substance,  are 

tained  without  any  special  propelling  organ  whatever.     And  the 

tiful  cychsis  in  Chara  and  Yalisneria  affords  a  striking  instance 

circulation  without  a  vis  d  tergo. 

y  In  the  vascular  area  of  the  egg,  a  circulation  exists  before  a  pro- 

r  pilling  organ.     And  in  the  acardiac  foBtus   a   similar  circulation 

IPDBts,  although  in  general  it  has  such  a  connection  with  a  second 

perfect  fcetus  that  the  heart  of  the  latter  may  influence  the  circula- 

Ifon  of  the  former.     But  that  a  foetus  may  grow  to  a  considerable 

WUBj  and  have  its  various  tissues  well  developed  without  any  con- 

|l0ction  with  the  twin  foetus,  by  means  exclusively  of  a  circulation  of 

Mb  own,  of  which  a  heart  forms  no  portion,  or  upon  which  it  can  ex- 

Else  but  {I  very  remote  influence,  is  shown  by  the  case  put  on  record 
the  late  Dr.  Houston.'*'     No  doubt  the  same  law  which  influences 
movement  of  fluids  in  vegetable  tissues  would  be  in  operation  in 
ioch  cases. 

-  l^ow,  with  reference  to  the  phenomena  in  the  circulation  of  the  blood 
m  man  above  referred  to,  it  may  be  asked :  Is  the  assumption  of  the 
iOEercise  of  a  capillary  force  necessary  for  explaining  them  ?  Can 
Uoshing,  and  other  local  determinations  of  blood,  be  accounted  for, 
if  we  admit  &  vis  d  tergo  as  the  sole  force  of  the  circulation  ?  In 
order  to  explain  the  accumulation  of  blood,  in  the  cheeks,  for  in- 
iluice,  under  the  influence  of  mental  emotion,  the  advocates  of  the 
litter  doctrine  suppose  the  capillaries  muscular,  and  affirm  that  a 
nUxed  state  of  the  walls  of  the  capillary  arteries,  and  perhaps  also 
•f  the  capillaries  themselves,  is  produced  by  the  nervous  change 
which  mental  emotion  excites.  Such  an  explanation  is  perfectly 
admissible  in  this  particular  case,  and  it  seems  highly  probable  that 
in  the  relaxed  stat^  of  the  capillary  vessels  of  the  face,  their  walls 
yield  under  the  pressure  of  the  heart  more  than  those  of  neighbouring 
vessels,  which  do  not  come  so  completely  within  the  range  of  the 
eentre  of  emotion.  And  in  many  persons,  emotion  causes  the  blood 
to  desert  the  cheeks,  which  in  consequence  become  pale.  In  such 
eases,  the  change  in  the  nervous  centre  must  excite  an  opposite,  that 
is,  a  contracted  state  of  the  capillaries  of  the  cheeks. 

*  Dublin  Medical  Journal,  toI.  Tiii. 
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Bnt  the  wxnmnUtiims  of  blood  which  are  caased  bj  local  im 
tioiu,  do  not  uiaat  of  satisfactory  cxplaniLtion  by  mere  chaagM  ■  1 
the  CBpillftriM  of  the  ifTected  part.  I 

For  exuDplt,  &  particle  of  dust  is  thrown  into  the  eye,  mj  ■  1 
long  M  it  ia  m  oontaot  with  the  conjunctira,  its  capillary  remi*  tit 
torpd  niA  blood.     Il  this  due  to  a  relaxed  state  of  the  np4nirai 
OBiined  b^  th«  prienae  of  an  irritating  agent  ?     The  nnatogr  of  At 
infltunoe  of  inealuuueal  Btimulation  upon  other  vesBels  wooldleidH  J 
to  infbr  tbat  tbft  imtfttion  of  a  particle  of  dust  in  contact  viib  A(l 
conjimotJTa  woald  eauBS  the  capillary  vessels  to  contract,  and  a  c»  1 
tncted  Btst«  of  these  TesseU  would  oppose  rather  than  faTonr  ik  J 
aoenmnlation  of  blood  in  them.     It  seems  much  more  reasoDablrH  J 
Boppow  that  the  irritation  caused  by  the  foreign  particle,  incmM  I 
the  attnotiTe  foroe  which  the  tissue  naturally  exercises  on  tfaeUMJt  J 
and  thia  would  bto  ob  «  clue  to  explain  the  two  kinds  of  ctmgneNl 
long  reoc^ied  t»f  pnctical  men,  the  paasive  and  the  Mtirtivm.  1 
The  former  is  owing  nmply  to  a  relaxed  flaccid  state  of  the  paraM  I 
of  the  bloodTeeeeU,  which  permits  tliem  to  reeeive  a  gr<-»ter  qrastif  J 
of  blood  from  the  heart,  and  toamiVituiatateor  the  capillary  furw.  la  I 
other  to  a  pUu  eondition  of  that  force, — in  virtue  of  which  the  tiM 
«0ni0to  a  greater  qnintity  of  blood.     To  this  latter  form  of  oeoji 
^—  pat^xmuntB  give  the  name  of  inHamraation.     Its  phcnoi&ciu,al 
rred  under  the  mioroaoopo,  arc  such  as  a  via  d  tergo  slooe  nuMjl 


not  develop.     For  not  only  are  there  dtUtnttona  of  the  v 
the  inflamed  part,  and  a  great  afflux  of  blood  towards  a 
or  points  in  it,  but  the  blood-corpusclcs  seem  to  rust 
forcibly  attracted  towards  each  other,  and   also   to  i 
focoB.     And  the  rapid  and  copious  process  of  exudat 
formation  of  pae-cellB,  «'liich  are  so  apt  to  follow  an  uttack  of  ild 
mation,  afford  fsrtheristrong  indication  of  augmonted  vital  f 
the  inflamed  part.* 

So  also  in  growing  tissues,  and  in  organs  which  enlarge  at  par 
lar  times,  or  under  certain  circumstances,  the  increased  flow  of  hi 
to  the  part  is  a  phenomenon  in  close  analogy  with  the  increa.^od 
of  sap  to  a  bud ;  and  is  due,  not  to  a  vis  A  tergo,  or  to  a  relaxed  it 
of  bloodvessels,  but  to  a  demand  from  the  tissue  for  more  blood, « 
attractive  force,  by  which  the  direction  is  regulated,  and  the  ^hi> 
tity  also.  The  annual  renewal  of  the  antlers  of  the  stag,  the  eBMip* 
ment  of  the  testes  of  birds  at  particular  seasons,  that  of  the  bmUl 
of  women  during  pregnancy  and  after  parturition,  all  theM  CMM 
afford  instances  in  which  a  demand  for  blood  is  created  at  soue  poirt 
of  the  periphery,  and  a  greater  flow  is  established  to  the  o^M 
there  placed  than  previously  took  place  to  them. 

We  can  aflford  no  satisfactory  explanation  of  the  localintioo  if 
certain  changes  in  the  capillary  circulation,  unlesB  on  the  hypothMl 
that  the  constituent  elements  of  the  affected  parts  are  primuily  fr 
eased,  and  that  their  demand  for  blood  is,  in  consequence,  inewMid 

*  The  theory  of  inflammatioii  is  extremely  well  diBcasMd  in  Mr.  3.  ffioHa^Iii^ 
tares  on  Pathology,  Loot.  IV.     See  aUo  Mr.  Paget's  Leotarct  on  li  " 
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iir  diminished,  and  the  flow  of  blood  regulated  accordingly.  Thus 
pfte  development  of  gout  in  a  joint  takes  place  often  with  such 
idity  that  it  appears  to  the  patient  to  be  sudden ;  the  train  of 
omena  being  in  such  cases,  first,  a  change  in  the  tissues,  so 
ual  as  to  be  unperceived,  then,  an  increased  flow  of  blood,  to  such 
extent  as  to  cause  the  heat,  the  throbbing,  and  pain  which  cha- 
rize  such  aff'cctions.  Again,  certain  poisons,  which  seem  as  it 
ijivre  to  spend  their  force,  in  great  part  at  least,  on  the  skjn,  do  not 

rise  a  change  in  the  whole  capillary  circulation  so  much  as  in  points 
it,  here  and  there,  determining  an  increased  flow  of  blood  to  this 
t  and  that,  and  leaving  the  intervening  parts  unaffected.  The 
-ascertained  fact,  uhi  stimuluSj  ihi  fluxuSj  cannot  be  so  well  ex- 
ed  on  the  hypothesis  that  the  stimulus  creates  a  relaxation  of 
tunics  of  the  capillaries  of  the  part,  because  that  is  opposed  to 
iHalogy,  as  on  the  supposition  that  under  the  operation  of  the  stimulus 
Wtm  demand  for  blood  in  the  tissues  is  augmented,  and  the  capillary 
Wtree  becomes  exalted  in  the  part,  in  virtue  of  which  a  greater  flow 
jif  blood  is  determined  to  it. 

i  The  phenomena  of  asphyxia  show  that  a  stoppage  of  the  circula- 
tion may  take  place  at  the  capillaries,  notwithstanding  the  con- 
Ifaiiiance  of  the  heart's  action.  When  the  access  of  air  to  the  lungs 
^  excluded,  the  circulation  ceases  at  the  pulmonary  capillaries,  and 
ill  examination  after  death  the  left  auricle  and  ventricle  are  found 

Site  empty,  and  the  right  cavities  of  the  heart  gorged  with  blood. 
e  repletion  of  the  latter  cavities,  and  the  emptiness  of  the  former, 
ftidieate  the  position  at  which  the  obstruction  to  the  circulation 
iDok  place.  Instantly  the  air  is  readmitted  to  the  lungs,  the  blood 
iBBomes  a  bright  red  colour  and  the  circulation  goes  on,*  indicating 
t  the  changes  which  take  place  between  the  air  and  the  blood, 
t  generate  a  force  which  exercises  an  important  influence  on  the 
Oipillary  circulation,  and  without  which  the  heart's  force  is  insufficient 
to  propel  the  blood  through  the  pulmonary  vessels.  Dr.  John  Reid* 
•Igaes,  as  we  think  with  justice,  from  the  instantaneousness  of  the 
Mrtoration  of  the  circulation  on  the  readmission  of  air,  that  its  stop- 
j^oge  must  be  due  to  the  cessation  of  the  respiratory  changes,  and 
VOtto  a  contracted  state  of  the  capillary  arteries  as  suggested  by  Mr. 
Srichsen,  because  the  relaxation  of  those  arteries,  like  their  contrac- 
tfam,  is  a  slow  process,  requiring  two  or  three  minutes  to  accomplish 

*  John  Reid,  on  the  Cessation  of  the  Vital  Changes  in  Asphyxia.  Ph  js.  Researches, 
Mnb.  1848. 

4*  Our  friend  and  collengae,  Dr.  Geo.  Johnson,  has  discoTered  a  yerj  interesting 
pouit,  connected  with  the  minute  vessels  of  the  kidney  in  cases  of  chronic  nephritis 
vHh  shrinking  of  the  organ,  which  furnishes  an  additional  instance  of  retardation  or 
#Dppage  of  the  circulation  at  the  capillaries,  despite  the  continuance  of  the  heart's 
•OCiim.  Dr.  Johnson  shows  that,  under  the  influence  of  defective  secretion,  the  renal 
cbcnladon  is  greatly  retarded  in  the  intertubular  capillaries,  and  that  the  Malpighian 
etpiUaries  are  consequently  subjected  to  a  greatly  increased  pressure  and  distension, 
goring  rise  to  an  escape  of  serum,  or  of  blood,  when  a  rupture  of  one  or  more  of  the 
■ttnute  vessels  has  occurred.  When  such  a  state  of  vessels  has  been  of  long  duration, 
M  in  chronic  inflammation  of  the  kidneys.  Dr.  Johnson  finds  the  capillary  arteries  much 
tliickened,  by  reason  of  hypertrophy  of  their  circular  and  longitudinal  fibres,  and  a  thick- 
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IHFities  of  the  heart  are  dilated,  a  much  larger  quantity  of  blood  is 
rgitated  and  a  distinct  venous  pulse  is  visible  in  the  superficial 


ip|iilar  veins,  and  sometimes  in  all  the  superficial  veins  which  are 
pitributed  over  the  neck  and  upper  part  of  the  chest.  The  com- 
|Wucated  venous  pulse  results  simply  from  the  proximity  of  some 
large  artery,  which  in  its  pulsations  communicates  to  the  vein  a  move- 
Mnt  of  a  similar  nature. 

L  Bales  and  Poiseuille  estimated  the  force  of  the  current  of  blood  in 
Ibe  veins;  the  former  by  the  introduction  of  tubes  into  the  large 
pfau,  as  in  his  experiments  upon  arteries ;  the  latter  by  the  haema- 
fafnamometer;  and  their  observations  have  lately  been  repeated  by 
iMentin  and  Mogk.  Hales  found  that  the  blood  rose  to  four  feet 
IPO  inches  above  the  level  of  the  heart,  in  a  tube  inserted  towards 
ke  head  into  the  jugular  vein  of  a  mare,  the  blood  rising  several 
Mdies  when  the  animal  strained,  but  subsiding  again  when  he  became 
|net ;  hence  it  is  plain  that  the  force  of  the  heart,  competent  as  it  is 
m  maintain  a  column  of  such  a  height,  must  be  amply  sufficient  to 
litiim  the  blood  to  the  heart.  Valentin  and  Mogk's  observations 
|k>w  that  the  force  of  the  blood  in  the  veins  of  dogs  is  equal  to  one- 
ifeventh  or  one-twelfth  of  that  in  the  corresponding  arteries. 

The  venous  circulation  is  influenced  a  good  deal  by  the  respiratory 
movements,  which  tend  partly  to  promote,  partly  to  retard  it. 
Bhese  eflfects  are  produced  most  plainly  by  the  forced  movements  of 
MBpiration.  Thus  a  deep  inspiration,  by  enlarging  the  capacity  of 
f|to  chest,  generates  a  tendency  to  a  vacuum,  which,  under  the  pressure 
|C  the  surrounding  atmosphere,  is  filled  chiefly  by  the  rush  of  air 
hto  the  trachea,  and  through  it  to  the  lungs,  but  partly  by  the 
■Bnz  of  the  blood,  which  must  be  principally  venous,  since  the  semi* 
Ipiar  valves  would  oppose  any  reflux  in  both  the  great  arteries.  Sir 
iWvid  Barry  illustrated  the  influence  of  inspiration  in  favouring  the 
gHHtripetal  flow  of  blood.  He  introduced  one  end  of  a  bent  glass 
tabe  into  the  jugular  vein  of  a  horse,  the  vein  being  tied  above  the 
Miiit  at  which  the  tube  was  inserted ;  the  other  end  of  the  tube  was 
Munersed  in  a  coloured  fluid.  At  each  inspiration  the  fluid  rose  in 
tfie  tube,  being  drawn  towards  the  chest,  whilst  daring  expiration  it 
iMik  or  remained  stationary. 

',  Forced  expiratory  efforts,  on  the  other  hand,  retard  the  venous 
circulation,  as  may  be  well  illustrated  by  holding  the  breath  for  a 
Ibir  seconds,  or  straining  strongly,  when  the  veins,  especially  those 
iCtbe  neck  and  chest,  will  swell  up  and  become  distended;  but  as 
■oon  as  the  breathing  is  restored,  they  return  immediately  to  their 
limiier  size.  Hence  it  is  that  persons  subject  to  frequent  disturb- 
saoes  of  the  respiratory  actions,  as  in  asthma  or  dyspnoea  of  any 
liiid,  exhibit,  after  a  time,  more  or  less  enlargement  of  the  venous 
ijstem. 

Disturbances  in  the  respiratory  actions  seem  to  affect  the  circula- 
tion and  especially  that  in  the  veins,  more  extensively  in  another 
way,  namely,  through  the  pulmonary  capillaries.  Tiie  imperfect 
respiratory  changes,  consequent  upon  the  disturbed  breathing,  retard 
the  flow  of  blood  through  the  capillary  plexus,  which  undergoes,  by 
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|h«  (UUUtion  add  npture  of  the  air-cells,  considerable  FtrMda^ 
and  widauBC  of  its  meshes,  mid  even  becomes  obliteratrU  in  pw. 
tDteae  dunm  abo  create  additioQal  obstitcles  to  tbe  pulmon&ry  » 
OldaUon,  which  impede  the  flow  from  the  right  ventricle,  aii<t  iaenm 
tha  backward  prannre  of  tho  blood  on  the  walls  of  thatcavit;r.eanii| 
H  to  baaome  ulated  und  hypertrophied.  It  is  in  this  tbj  thtt  at 
prodooed  tbe  hypertrophy  and  dilatation  of  the  right  cavities  of  ik 
Mart,  which,  to  agraater  or  less  extent,  are  iovariable  co&M-jiaH 
f^freqaent  attaeka  of  astbtoa  or  bronchitis. 

The  inflae&ce  of  the  respiratory  movements  upon  tho  vcnoiv  m* 
lation  is  shown  in  tbe  clearest  manner  by  tho  use  of  the  biemadjiuK' 
meter,  as  in  the  experiments  of  Poiseuille.  Magemlie,  Lndwii^  f ^ 
lentin,  and  Mogk,  the  column  of  mercury  rising  in  cxpir&tiim,  nd 
falling  in  inspiration  i  and  these  experiments  likewise  prove  that  tlii 
infioo&ee  it  only  felt  in  the  large  veins  near  the  chest,  and  not  n  dt 
more  diataot  ones.  The  influence  of  expiration  in  retarding  it 
mora  powerful  than  thiLt  of  inspiration  in  promoting  the  venoi 
eolation;  for  the  lamt'  physical  condition  of  the  chest  which  eiiiBit 
the  oommenoamant  a(  inspiration,  and  which  favours  the  nah  d 
blood  to  it,  tendi  rather  to  delay  ibc  escape  of  blood  throuieh  tk 
artariea,  ^d  the  heart's  action  is  thereby  much  weakened  nnd 


iprened. 
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ints  likewise  favour  tbe  venous  circulatioa,  nil 
well  shown  in  the  oporution  of  vencsectioD,  when  the  patient  iinil 
to  more  bis  fingers  freely,  the  flow  of  blood  from  the  vein  heu 
thereby  immediately  increased.  Tt  is  the  action  of  the  valves  vloca 
determines  the  centripetal  tiov;  of  the  blood  in  the  veins  under  asK 
oular  pressure ;  for,  as  the  contracting  muscles  simplj  ooinprcst  i» 
veins,  the  blood  would  be  driven  either  or  both  w-nys ;  but  the  Ttln 
affording  a  direct  impediuient  to  the  centrifugal  flow,  it  is  forced  V 
take  the  opposite  course.  This  is  obviously  one  of  the  ways  in  wW 
exercise  favours  the  circulation  and  promotes  tbe  geoenl  hedA.  - 
It  has  been  supposed  that  the  contraction  of  the  anrielaa  bj  i^ 
tially  emptying  those  cavities,  calls  into  play  an  elastic  force  in  not 
walls,  which  favours  the  rush  of  blood  into  them,  and  that  thai  s 
certain  suction  power  of  tbe  auricle  may  be  enumerated  among  Ibt 
forces  which  aid  the  venous  circulation.  The  idea  is  illustrated  Iv 
exhausting  an  India-rubber  bag,  to  which  a  glass  tube  is  atU^e^ 
and  then  immersing  tbe  open  extremity  of  the  latter  in  a  vend  d 
water,  when  the  water  will  pass  freely  into  it  under  the  infineneerf 
the  atmospheric  pressure  on  the  water.  The  principal  faot  in  hvm 
of  this  view  is  the  experiment  of  Wedcmeyer,  which  is  thas  detailed 
by  Miiller:  "Wedemeyer  and  Guenther  having  tied  the  jugs'* 
vein  of  a  horse,  made  an  opening  into  it  between  the  ligature  aid 
the  heart,  and  introduced  a  catheter,  to  which  a  beat  glass  tube  kid 
been  cemented.  The  longer  descending  branch  of  the  tube  (two  ft«t 
in  length)  was  placed  in  a  glass  filled  with  water.  At  first,  tk 
inspirations  and  the  contractions  of  the  heart  were  nearly  sisiil- 
taneous,  and  of  the  same  frequency — namely,  thirty  in  a  minslf— 
and  tbe  coloored  water  rose  suddenly  two  or  more  inches  in  the  tab 
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^iM  the  moment  of  each  inspiration  and  pulsation  of  the  heart,  and 
'^ynV  again  each  time  to  its  former  level.    The  inspirations  gradually 
^^Bemme  twice  as  freqaent  as  the  pulsations  of  the  heart,  and  Wede- 
'"^  yer  and  Guenther  now  observed,  for  a  long  period,  that  the  rise 
fluid  did  not  take  place  at  each  inspiration,  but  at  every  beat  of 
heart,  and,  consequently,  simultaneously  with  each  dilatation  of 
suriclet     This  experiment,"  adds  Mliller,  ''seems  to  prove  be- 
;  jond  doubt  that  the  heart  exerts  a  power  of  suction."     It  is  most 
■robable,  however,  that  this  power  is  extremely  small,  and  that  it 
'  ||be8  no  more  than  counteract  the  obstructive  influence  which  would 
'^idierwise  arise  from  the  regurgitation  which  takes  place  into  the 
.^MK^  venous  trunks  from  the  auricles  at  each  systole. 
>,   The  veins  possess  a  certain  tonic  influence  similar  to  that  of  arte- 
1^60,  by  which  they  can  adapt  themselves  to  the  varying  quantity  of 
;^beir  contained  blood.     This  is,  doubtless,  due  to  the  presence  of 
JBOScnlar  fibres  in  the  tunics  of  veins  already  described ;  the  power 
,#f  these  fibres  to  alter  the  caliber  of  the  vein  is  clearly  demonstrable 
,|jj  the  influence  of  galvanism,'*'  which  causes  an  appreciable  diminu- 
.iMm  in  the  size  of  the  vessel  at  the  point  of  transit  of  the  currentf 
I    The  flow  of  blood  in  the  veins,  then,  it  may  be  concluded,  is  main- 
.teined  chiefly  by  that  same  force  through  which  it  is  driven  through 
the  arteries  and  capillaries,  aided  by  the  sort  of  suction  in  the  cen- 
tripetal direction  which  is  caused  by  inspiration  and  by  the  diastole 
Af  the  auricles,  and  promoted  likewise  by  the  contraction  of  the 
miious  muscles,  among  or  through  which  the  veins  pass,  and  by  the 
position  and  mechanism  of  the  valves. 

It  is  proper  to  observe  that  the  venous  circulation  being  moved 
hj  less  force  than  the  arterial  (the  heart's  power  having  already 
very  much  expended  itself  on  the  arteries  and  capillaries),  is  more 
IBfiuenced  by  gravity— either  favourably  or  otherwise — than  the 
arterial.  Hence,  in  dependent  positions,  as  in  the  lower  extremities, 
when  the  blood  has  to  ascend  against  gravity,  the  veins  are  apt  to 
•well,  and  to  acquire  a  permanent  dilatation  and  thickening  of  their 
ftMits  from  the  retardation  of  the  current  in  them.     It  is  important 

*  See  KSlIiker's  experiments — Siebold  and  Kolliker's  Joamal. 

f  While  these  pages  were  passing  through  the  press  (Feb.  1852),  Mr.  Wharton 
Sqom  announced,  in  a  paper  read  to  the  Royal  Society,  the  discoyery  that  the  reins 
of  the  bat's  wings  contract  and  dilate  rkythmicallf/,  and  that  they  are  provided  with 
Tllves,  some  of  which  completely,  others  only  partially,  oppose  regurgitation  of  blood. 
Hie  rhythmical  contractions  and  dilatations  are  constantly  going  on,  and  that  at  the 
imte  of  ten  contractions  in  the  minute.  During  contraction,  the  flow  of  blood  in  the 
win  is  accelerated,  and  on  the  cessation  of  the  contraction  the  flow  is  checked,  with 
ik  tendency  to  regurgitation.  But  this  check  is  usually  only  momentary ;  already, 
while  the  vein  is  in  the  act  of  again  becoming  dilated,  the  onward  flow  recom- 
ses  .and  goes  on,  though  with  comparatiye  slowness,  until  the  vein  contracts 

Lin.  It  is  the  heart's  action  which  maintains  the  onward  flow  of  blood  during  the 
tfhttation  of  the  yein,  whilst  it  is  the  contraction  of  the  yein  coming  in  aid  of  the 
heart's  action,  which  causes  the  acceleration.  Mr.  Jones  states  that  he  has  not  been 
aide  to  obsenre  unequivocal  -  eyidence  of  tonic  contractility  in  veins,  as  Kolliker's 
0xperiment8  indicate ;  he  likewise  affirms,  in  opposition  to  a  statement  of  Mr.  Paget, 
quoted  at  p.  662,  that  nowhere  do  the  arteries  and  veins  of  the  bat's  wing  communi- 
eale,  the  only  communication  being  the  usual  one  through  the  medium  of  capillaries. — 
JProceedmfft  of  the  Royal  Society,  Feb.  1852. 


■;Q4  TBI  OIECVLATION  OF  THE  BLOOD. 

tikat  tills  fcot  Bbonld  le  kept  in  view  bj  the  practitioner  in  the  but 
aiflltt  of  nriSDM  Tniu,  sua  of  ana8arcoii»  states  of  the  Umbk. 

W«IumHentliattb«bloodniovo»  in  the  arteries  vith  coimdenUi 
Tdod^,  ud  laewiM  with  gnat,  although  tnucb  dimmishe>i,  n|nlirf 
in  A»  capiUariM;  its  rate  of  niation  increafliog  a;^ain  in  the  mm, 
Mpodallj  in  those  nearest  the  heart.  It  may  he  inferred  from  Am 
facts,  tut  any  given  partiole  mny  completo  the  round  of  the  cimb- 
tion  in  an  ezoeedingljr  brief  period.  It  is  an  important  probbifr- 
flspeoiallj  irith  referenoe  to  tne  time  in  which  poisonous  sntMuHO' 
introduced  into  the  blood  may  produce  their  offect^ — to  delprmlnp 'a 
what  space  of  time  a  eabstance  introduced  into  one  part  of  the  ar» 
lation  may  reach  the  most  distant  part ;  or  how  soon,  for  inuuitt,! 
snbstance  inserted  into  the  right  jusnUr  vein  may,  after  trarawj 
the  right  henrt,  the  pnlmonary  circulation,  the  left  heart,  the  frjrsunK 
arteries,  retom  to  die  systemie  veins,  and  be  foand  in  the  ItfijifM 

In  the  present  state  of  on  knowledge  no  oxact  solution  of  d^ 
problem  oan  be  giren.  Bat  a  very  close  approximation  to  the  tnA' 
may  be  obtahie*-— first  by  calculation,  secondly  by  experiment.  9j 
oatcalatiODf  wc  can  determine  hi  what  space  of  time  the  wholo  IiHm 
of  the  body  may  eircalate  through  the  heart.  The  data  fur  Hit 
problem  are,  the  wtugfat  of  the  whole  quantity  of  blood  lo  the  Mt, 
the  quantity  of  blood  expelled  at  oaeh  systole  from  the  left  rvnint^ 
and  the  nmnber  of  eystoub  aotions  in  a  minute,  or,  more  exactly,  m 
doration  of  a  pnlae.  It  is  plain  that,  if  the  left  ventricle  contn* 
seventy  times  in  a  minnte,  and  at  each  contraction  expel  five  onne* 
of  blood,  according  to  Valentin,  or  six  onnces  (iJ^^b  part  of  tl* 
weight  of  the  body),  according  to  Volktnann,  a  quantity  of  IhA  | 
equal  to  that  of  the  whole  body  will  in  that  space  of  time  pan  Uuwdl 
tha  heart.  It  may,  then,  be  asaamed  from  caloalatioBf  ^  ■■ 
drcnlaUon  may  be  completed  in  a  period  of  time,  vhidh,  ianai 
numbers,  may  bo  expressed  as  one  minute.* 

Hering  was  the  first  to  experiment  on  this  snbjeet,  hii  otjeetUv 
to  ascertain  how  soon  a  substance  easily  recognized  (as  ferroejtni 
of  potassium),  when  introduced  into  one  part  of  the  circnladon  U 
the  right  jugular  vein,  could  be  detected  in  a  distant  part  of  the  ar» 
lation  as  the  left  jugular.     Bering  found  that  thia  sntutance  mU 

*  Vollunum'B  formula  is  (  ^  z  _  irhere  I  la  the  Kqaired  memD  time  of  the  m*- 

plelion  of  the  circulation,  x  ib  the  whole  qnimlity  of  the  blood,  y  the  qiuati^  ajM 
At  each  Bjrstole,  ntid  i  tlie  mean  duration  of  a  pulse.  Whence,  taking  the  iBe*B<|^ 
tit;  of  X  at  30  lbs.,  and  of  y  ut  6.2  oaacea,  the  duration  of  b  pnlae  bwBgCLSSrft 
second,  we  get  f  =  0.85  1£!!22.  a.  67.6  Beconds.    .And  m,  ■ccordingtoVelati^tkl 


nf  the  weight  of  the  bod;,  calling  this  weight  p,  then  z  ^  —p  and  f  ^ 

t  ^  ;  — E- ,  therefore  I^BO  z;  whence  it  appears  that  the  time  of  Oit 

■    ..-        '* 

IB  directly  aa  the  duration  of  a  pulse,  and  inTerselj  aB  its 
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from  the  right  to  the  left  jugular  veins  in  from  twenty  to  thirty 
■econds ;  and  from  the  jugular  vein  to  the  great  saphena  in  twenty 
■eeonds;  from  the  jugular  vein  to  the  masseteric  artery  in  from 
Kleen  to  thirty  seconds.  Results  quite  confirmatory  have  been 
libtained  from  like  experiments  by  Poiseuillcj  and  also  by  Blake. 
SRie  former  found  that  ferrocyanide  of  potassium,  with  acetate  of 
Bpunonia,  or  nitrate  of  potash,  passed  from  one  jugular  vein  to  the 
Siher  in  from  eighteen  to  twenty-four  seconds ;  but  that  the  addition 
pf  micohol  retarded  the  rate  of  transit  to  from  forty  to  forty-five 
nds.  Blake  found  that  nitrate  of  baryta  passed  from  the  jugular 
of  a  horse  to  the  opposite  carotid  artery  in  from  fifteen  to  twenty 
IIKOiids.     He  found  also  that  the  poisonous  influence  of  strychnia  on 

8m  nervous  system,  showed  itself  in  twelve  seconds  after  injection 
to  the  jugular  vein ;  in  a  fowl,  in  six  seconds  and  a  half;  and  in  a 
mbbit  in  four  seconds  and  a  half* 

^  The  results  obtained  from  calculation,  as  regards  the  rate  of  the 
ffreolation,  are  less  conclusive  than  those  by  experiments ;  for  the 
flvvioiis  reason'  that  we  have  only  the  approximative  value  of  the  two 
~  *  idpal  quantities  which  enter  into  the  calculation,  namely,  that  of 
mass  of  blood  in  the  body,  and  that  expelled  at  each  systole, 
the  results  of  the  two  modes  of  inquiry  are  sufficiently  near  to 
IMUsh  other  to  denote  that  the  round  of  the  circulation  is  completed 
ly  any  given  portion  of  blood  in  a  marvellously  brief  period,  which, 
|Bi  man,  probably,  rather  falls  below  than  exceeds  a  minute.  We 
paed  not,  therefore,  have  recourse  to  any  other  hypothesis  to  explain 
Ae  rapid  effects  of  certain  poisons,  than  that  they  enter  the  blood, 
wad  with  it  are  whirled  with  immense  velocity  through  the  substance 
of  the  most  vital  organs. 

Heiing  in  Tiedemann  and  Trevirnnns  Zeitscbrift  fur  Physiol,  b.  iii.  Poiseoille's 
des  8c.  Nat.  1843.     Blake,  Edin.  Med.  and  Surg.  Journal,  1841.     See  also  on 
sabjeot  Volkmann'fi  10th  chapter. 


Ob  the  subjects  discussed  in  the  preceding  chapter,  the  reader  is  referred  to  the 
loos  systematic  irorks  on  Physiology,  to  the  supplement  lately  published  by  Valen- 
and  to  Dr.  Allen  Thompson's  yery  comprehensive  article,  Circulation,  in  the  Cyclo- 
ppdl»  of  Anatomy  and  Physiology.  On  the  anatomy  and  physiology  of  the  heart, 
jbHrachner's  article  in  Wagner's  Handworterbnch,  and  Dr.  Jno.  Reid's  article  in  the 
dyvlup.  of  Anat.  may  be  consulted ;  and  as  regards  its  motions  and  sounds,  we  refer 
io  th«  reports  of  the  Committee  of  the  British  Association,  collected  iii  the  Appendix 
if  Pr.  C.  J.  WUliams's  work  on  Diseases  of  the  Lungs,  to  Dr.  Blakiston's  admirable  work 
§m  IHseases  of  the  Chest,  to  Dr.  Walshe  on  Diseases  of  the  Heart  and  Lungs,  and  Dr. 
Siivbert  Daries  on  the  same  subject ;  and  on  the  physics  of  the  circulation,  to  llales's 
8lati€al  Essays,  toI.  ii.;  to  Dr.  Young's  Croonian  Lecture  on  the  Functions  of  the 
Wmrt  and  Arteries,  Phil.  Trans.  1809,  and  Medical  Literature,  p.  605;  Poiscuille  sur 
!•  Force  du  Coeur  Aortique,  in  Magendie's  Journal,  vol.  Tiii.,  and  his  essay,  Recherohe9 
Mr  I'Ecoulement  des  liquides  considdr^  dans  les  Cnpillaircs  Viyans,  in  the  Joum.  des 
9m»  Kat.  1848;  to  the  Essays  of  Ludwig,  Spongier,  and  Mogk,  in  Miiller's  Archly; 
Magendie,  Lefons  sur  les  Ph<$nom^nes  Physiques  de  la  vie,  and  especially  to  the  very 
Mm  work  of  Volkmann,  Die  Ilscmodynamik  nach  Versuchen,  Leipzig,  1850,  which 
Vt  only  received  when  these  pages  were  in  type.  The  following  works  may  also  bo 
aMottoned  as  containing  interesting  matter  relating  to  the  circulation  in  general: 
B^.  6raTes*8  Clinical  Lectures,  lect.  i.  on  the  Circulation ;  Dr.  Todd's  three  Clinical 
Leetures  on  the  Pulse,  Lond.  Med.  Gaz.  1851 ;  Draper,  on  the  Forces  which  produce 
Iha  Organization  of  Plants,  New  York,  1845 ;  Prof.  Jno.  Reid's  essay  on  Asphyxia,  in 
Wm  Physiological  and  Pathological  Researches,  ed.  1848. 


CHAPTER  XXDC. 

OV  BI8FIKATI0K. — OOMPAIATIVB   AMATOMT  OF   THE  RESPIBATOIIIJ 
SAin. — ASATOKT  0?  THB-  BUMAN  LUHOS. — TRACHBA. — BROSCBL^  1 
BROSDHIA. — ULTIHATB  PULMONARY   TiSSCE. — M0VEME5T?  Or  SI-    | 
BFIRATI05. — rBEQCBWCT  OF  RESPIBATIONe,AXD  RATIO  TOTHEFrLa    | 
— ABBUL  OAPAOrrr  OF  TBE  LUXOS,  AND  AMOUNT  OF  AIR  B! 
— CHABSBS  VX  THB   BESFlRED    AIR,    CAKBONIC    ACID    ESIULI 
OXTSBH  DiHALED. — ^AIItiES  IN  THE   BLOOD. — KATCBS  01  t 
BFIBATOBT  PBOGBSS. 

BbsFikatIov  is  that  fimction  bj  which  aa  interchu 

takes  pUoe  between  the  interior  of  an  organized  betne 

ternal  medium;  and  in  the  animal  kingdom  oxygen  is  tin B 
oeiTed,  and  earbonio  aad  tbe  gas  given  out.  Kvcry  part  of  li 
&ee  to  which  the  outer  medium  (whether  air  or  water)  has  ai 
may  be  conudered  to  abara  in  respiration ;  but  in  all,  except  » 
the  lowest  animals,  apedal  organs  a>o  provided  in  which  the  in 
ohange  can  be  more  readily  efiected.  These  organs  in  ail  m 
oonaiBt  of  a  membranona  sorface,  adapted  for  contact  with  Una 
Toanding  mediam,  and  capable  of  exposing  the  fluids  of  thcWTrn 
an  especial  manner  to  the  action  of  the  air.  The  iotercbang*'  of  ili( 
gases  through  this  retpiralon/  membrane  is  essentially  a  pnrrlj' 
phytico-ehemical  phenomenon,  and  must  be  studied  aa  such.  TV 
very  great  variety  of  structures  with  which  diiferent  Aninalt  «• 
furnished  for  this  function,  merely  present  us  with  modificaticitf  fJ 
the  elementary  conditions  wiiercby  lis  activity  and  extent  ttt 
governed  in  the  severalinstnnrc-'.  The  ci-'iitmn  "f  air  with  ['tn.-MiiJ 
may  be  influenced  (1)  by  atmospheric  concentration  or  diioDoa.  h 
water- breathing  animals,'  the  air  breathed  is  that  held  in  solntiaBn 
the  water,  and  is  of  course  in  very  small  quantity.  The  deiiN^' 
rarity  of  the  air,  according  to  temperature  and  barometric  piusins 
may  perhaps  affect  the  activity  of  respiration  in  air-breather*.  CQ 
The  extent  of  the  respiratory  surface ;  (3)  the  thickness  of  the  tiMH 
between  the  air  and  the  blood,  and  (4)  the  more  or  leas  oonpbl* 
manner  in  which  the  general  moss  of  the  blood  is  brooght  fronAt 
tiasues  to  the  respiratory  surface — all  these  exert  much  infinenetM 
the  activity  of  respiration. 

Comparalire  Anatomy. — In  Entrnoit,  polypi,  and  mtdium,  no  *peeUl  iMfMQ 
OTg&D  exisU.  In  Btsr-fisbea  and  ses-urcbinB,  among  tbe  echmodtntial^  IIm  m>4M> 
gainl  access  to  onTiliea  among  tbo  yiscera,  and  is  renewed  oontiniuUf  bj  PJ** 
organs,  principal];  cilia.  The  holothuria  linB  an  internal  aj^tem  of  ubOKaooil  bM 
opening  fram  the  cloaca,  receiTing  water,  and,  aecording  to  Tiednnann.  Mniif^ 
roBpiralion;  its  branches  end  in  Tcsicles,  In  annilida,  there  are  ■omttiBM  UM 
branehae,  or  gills,  as  in  the  arcoicola,  or  annd-worm ;  aometUDea  aaci  opcniaf  "F*" 
rate);,  aa  in  lumbrici  and  leeches.  The  eruilacta  have  branchua  altaehtd  (AktrO 
the  feet  or  Bbdominal  etufooe.     Of  tlie  araehnida,  soma,  aa  the  MM;^an,  ban^lM' 
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Bac8,  or  lungs,  with  parallel  lamellsB,  ntuated  on  the  abdomen  in  from  one  to 
pairs,  and  each  opening  by  a  separate  stigma ;  others  have  a  system  of  ramified 
■Ktemal  air-tubes,  termed  trachea^  or  tpircd  vetseU  (from  a  spiral  thread  £n  their  wall) ; 
■md  some  both  trachese  and  pulmonary  sacs.  The  myriapoda  and  all  the  insecta  have 
WcjLc  hi.  These  penetrate  the  internal  organs  to  their  remotest  parts,  anastomosing 
Srtriy,  and  open  at  several  points  on  the  surface.  Insects  which  breathe  in  water,  as 
■Id  as  many  aquatic  larrse,  have  branchisB  which  first  separate  air  from  the  water, 
Md  then  transmit  i^  along  the  trachese.  The  respiration  by  trachesB  is  probably  a 
W9KJ  perfect  one,  the  blood  and  tissues  being  aerated  throughout  the  body,  at  eyery 
H^Ot  in  which  they  are  being  deteriorated. 

/  Among  MoUusca,  some  hare  branchisRy  or  gills,  as  the  cephalopods,  the  conchifera, 
IbA  some  gasteropods.  Other  gasteropods  have  a  pulmonary  sac,  or  lungj  e,  g,  the 
Hamon  snail.  This  sac  opens  and  shuts  so  as  to  change  the  air,  and  on  its  surface 
■p  Tenons  blood  is  distributed  ere  it  reaches  the  heart. 

*  fUet  present  the  greatest  development  of  gilU.  There  are  four  branchial  arches, 
ItBring  vascular  plates  with  lateral  offsets.     Matteucci  estimates  the  surface  of  the 

e^of  the  common  ray  to  measure  2,250  square  inches.  All  the  blood  is  driven  by 
besrt,  through  t^e  gills,  to  the  aorta,  and  thus  comes  into  close  proximity  to  the 
Mler  in  contact  with  the  branchial  surface.  The  capillary  network  has  close  and 
liMlsr  meshes. 

.  ji^Hilea  have  a  rudimentary  form  of  lung,  combined  in  many  instances  with  gills, 
^ping  a  part  or  the  whole  of  life,  e.  g,  in  the  frog,  the  gills  exist  only  in  the  tadpole 
f;  in  Uie  proteus,  they  remain  through  life.  The  pulmonary  sacs  of  reptiles  are 
or  less  cellulated  on  their  inner  surface,  and  receive  a  portion  only  of  the  venous 
in  each  circuit. 

^,  in  Birds  and  Mammalia  respiration  is  much  more  active,  being  performed  by  means 
■C  Isrge  and  highly-divided  lungs,  placed  within  a  bony  framework,  capable  of  re- 
^iliij^  and  rapidly  renewing  the  air  in  large  quantities,  and  giving  passage  to  the 
IAaIo  blood  of  the  body  on  its  way  from  the  veins  to  the  arteries.     In  Birds,  there  is 

•  aaries  of  openings  from  the  pulmonary  air-tubes,  by  which  the  air  gains  access  to 
iaassges  and  spaces  among  the  other  organs  and  tissues,  rendering  the  body  specifi- 
^lly  lighter,  and,  perliaps,  in  some  degree,  aiding  respiration.     Farther  varieties  in 

structure  of  the  lungs,  modifying  their  respiratory  power,  will  be  alluded  to  when 
human  lungs  have  been  described. 


/  Organs  of  Respiration  in  Man. — The  lungs^  placed  in  the  thoracic 
i^Tity,  receive  air  by  the  nasal  passages  and  trachea,  and  venous 
JUood  from  the  right  side  of  the  heart  to  transmit  it  to  the  left.  They 
tma  a  double  organ,  with  a  single  common  air-tube,  the  trachea^ 
md  a  single  common  pulmonary  artery^  supplying  the  venous  blood. 
Shese  vessels  branch  first  into  a  right  and  left,  and  then  into  many 
OTibordinate  ramifications  up  to  the  ultimate  air-cells  and  capillaries. 
Your  veins  carry  off  the  aerated  blood  to  the  left  side  of  the  heart. 
Being  penetrated  by  the  air,  the  lungs  are  the  lightest  organs  in  the 
Ipody.  In  the  foetus,  before  breathing,  they  are  small,  and  transmit 
only  so  much  blood  as  is  requisite  for  their  own  growth ;  but  when 
the  air  enters  their  volume  augments,  their  absolute  weight  increases 
ID  consequence  of  the  greater  afflux  of  blood,  while  their  specific 
grmvity  diminishes.  Krause  estimates  the  average  absolute  weight 
df  the  lungs  in  men  to  be  three  pounds  and  a  half,  in  women  two 
pounds  and  three-quarters,  and  the  left  to  be  smaller  than  the  right 
tgr  one-tenth.  The  weight,  as  compared  with  that  of  the  whole  body, 
m  as  one  to  forty  or  fifty. 

In  shape,  the  lungs  are  adapted  to  that  of  the  cavity  in  which  they 
are  lodged ;  their  apices  rise  into  the  neck,  their  bases  rest  on  the 
diaphragm,  between  them  lies  the  heart  with  the  great  vessels.  They 
are  invested  by  a  serous  covering,  the  pleura,  which,  after  lining  the 
thoracic  walls,  is  reflected  over  them  at  their  root,  and  dips  into 
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ibow  fistimtt  iriiidi  Mm  to  subdivido  them  imperfect];,  tike  ti^ 
into  two,  the  left  kto  tbrM,  (obeB. 

The  traeJua  deeeenda  in  ibe  middle  line  from  tho  larynx  (wlid 
ft  oomplioftted  denlopment  -of  it  for  tlie  protection  of  the  un&c  4i 
the  rapintoiiy  oms,  uid  for  tho  production  of  gouod,  aii4  vUiil 
Till  be  ftftenraidl  oeecribed),  aa  far  ns  opposite  tLe  st-cond  it  tint 
dorul  Tortebn,  beinff  ttniglit,  eub-cylindric-nl,  Ant  behind,  ud  lUN 
three-quutera  of  an  moh  vnde.  U  is  held  permanently  opoii  ijtM 
tixteen  to  twenty  oartilafpuous  rings,  flattened  in  the  direetmlf 
tike  wall  in  which  they  arc  imbedded,  and  deficient  bt-liind  la  a 
extent  of  one-third.  Of  tlif^e,  the  higlicst  is  the  thickeHt,  aodik 
lowest  ia  adapted  by  its  shape  to  the  bifurcation  of  tho  trachniali 
the  two  broQohi.  Tho  free  ends  of  these  cartilages  are  ^ometiiH 
forked,  and  ooatigaoaa  ones  arc  now  and  then  joined.  TImth 
'  immediately  inveated  wlUi  perichondrium,  u  dense,  white,  Sitv^ 
inelaatio  memlwane,  and  are  connected  br  a  continuation  of  tl  (■• 
tending  between  th^r  bndera  and  ends.  ThJa  inelastic  memlniii^ 
by  ita  toaghneaa,  reoata  nndue  extension  in  tlie  longitutlinni  'lirccna. 
Looking  on  die  trachea  behind,  ve  observe  the  spnco  bcMMtlll 
•nda  of  the  cardlagea  flOTOrd  ^th  irregularly  interwoven  Gbre*,* 
the  eoorae  of  whioh  we  hare  discovered  unstripod  musciiUrGbra^ 
ooonr,  eapecially  about  the  hifui-cation.  In  this  fibrous  Ujer  i ' 
lee  for  the  tracheal  glands,  and  on  dissecting  it  off  these  ^atikt 


ezpoaed,  together  with  a  thin  sheet  of  transverse  luiHrijied  {brv 
completing,  as  it  were,  the  circle  of  the  cartilaginous  ringt,  u4 
inoim  OB- tba  trachealia  mv»cie.  The  fibres  of  this  are  aiudwla 
little  vay  from  the  extremities  of  the  cartilages  on  their  inner  (orfin^ 
and  in  contraction  most  ecrve  to  approximate  them,  and  tW  w 
narrow  the  canal.  In  the  horse,  they  are  inserted  three-fonrthi  tf 
an  inch  from  the  extremities,  which  almost  or  quito  overlt]).  la 
birds,  they  are  composed  of  striped  fibres. 

The  cartilages,  their  interspaces,  and  the  trachealis  muscle  M 
lined  by  a  thin  layer  of  longitudinal,  elastic,  anastomosing  fibree,n>^* 
formly  spread  out  except  over  the  traL'lieiilis  muscle,  where  thfyw* 
gathered  op  into  longitudinal  l>ands,  sometimes  ono-twelfih  of  aiiiiid 
thick,  very  visible  through  the  mucous  membrane.  These  takta 
serpentine  course  down  the  bronchi,  and  preserre  their  anastoniMif 
character.  The  trachea  owes  its  elasticity  in  the  longitndi&il  dit*^ 
tion  to  the  fibres  now  described. 

The  mucous  lining  of  the  trachea,  the  essential  part  of  the  dncli 
to  which  the  above  aro  accessory,  is  continuous  through  the  glotfll 
with  that  of  the  pharynx,  and  physiologically  with  the  ne^iUlXJ 
compartment  of  that  cavity,  and  with  the  nasal  passages  (see  cM 
p.  522).  It  is  covered  with  ciliated  epithelium,  and  the  directnn 
the  movement  is  probably  upwards  towards  the  glottis.  The  Oraehm 
glandg  are  productions  of  this  membrane,  and  appear  as  a  ItTtr" 
reddish,  distinct  granules,  behind  the  trachealis  muscle,  esd  M 
being  furnished  with  a  separate  duct,  traversing  first  the  muscle  ul 
then  the  layer  of  longitudinal  elastic  fibres,  to  open  on  the  ins* 
surface  of  the  tube.     These  glands  appear  to  be  tubular,  not  foUift- 
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■r,  ind  fire  thna  related  rather  to  the  Hndoriferons  tbsD  to  the  sali- 
nvj  system.     They  probably  fnTDish  mncb  of  the  halitos  of  tht 

rsmth  and  may  determine  its  odour. 
Of  the  hronchi  or  primary  eubdiviaiona  of  the  trachea,  the  right 
lltite  shorter,  wider,  and  more  horizontal ;  the  left  longer  to  pass 
Ihder  the  aortic  arch.  Their  walls  resemble  those  of  the  trachea 
MtL  alight  modifications.  At  the  root  of  the  lung,  each  breaks  np 
■to  branches  corresponding  to  the  lobee  (lobal  bronchia),  and  these 
teftin  into  ttcondary,  tertiary,  and  terminal  bronchia,  the  last  named 
llnig  from  one-fortieth  to  one-sixtieth  of  an  inch  in  diameter.  The 
kmmal  bronchia  pass  to  portions  of  the  pulmonary  substance  more 
NT  len  distinctly  mapped  out  by  areolar  tissue,  and  termed  lobuleg. 
h  €hat»  of  the  Bronchia. — All  these  become  gradually  thinner  as 
Pmj  approach  the  air-cells.  The  cartilaginous  pieces,  which  are 
M^alar  in  shape  and  position  in  the  lobal  bronchia,  become  i;ednced 
k»  mere  flakes,  and  finally  cease  in  those  of  one-sixth  or  one-tenth 
j^an  inch  in  diameter  (Fig.  204).  The  last  are  seen  mostly  where 
Icmochings  occur.  The  muscular  fibres  of  the 
Inchea  are  continued  down  eyen  to  the  terminal  .^8-  ^^• 

Ironchia,  but  instead  of  filling  up  only  the  gap  in 
As  cartilaginous  framework,  they  form  a  uniform 
b^er  encircling  the  canal,  but  excessively  thin. 
|b«  fibres  are  here  arranged  in  anastomosing 
iHndles  (Fig.  203).  Within  the  muscular  layer  is 
Ast  of  the  longitudinal  elastic  fibres,  here  disposed 
is  an  even  layer,  and  representing  the  submucous 
molar  tissue.  The  ciUated  epithelium  and  the 
kMsment-membrane  of  the  mucous  tissue  both 
AlBcend  into  the  terminal  bronchia.  On  the  ex- 
Mrior  of  the  bronchia  is  some  areolar  tissue  separat* 
&u  them  from  the  neighbouring  masses  of  air-cells, 
^w  associated  with  the  arteries,  reins,  lymphatics, 
nd  nerves  belonging  to  the  bronchial  wall.  ™s'S^~"** 

The  bronchial  arteriet  are  usually  two,  coming 
firom  the  aorta,  but  irregular.  They  supply  the  coats  of  the  bronchia, 
ind  have  corresponding  veins.  Their  capillaries  anastomose  with 
Aoae  of  the  pulmonary  artery  where  the  terminal  bronchia  become 
lobular  passages.  The  distribution  and  actions  of  the  pulmonary 
mmtvB  have  been  already  discussed  (pp.  498-^06). 

UUinate  Pulmonary  Tiamte — Lobuleg. — In  some  parts  of  the 
iKterior  of  the  lungs,  particularly  near  the  borders,  and  in  some 
y«™»*1"  throughout,  may  be  noticed  a  sort  of  mapping  out  of  the 
pblmonary  snhetance  into  small  polyhedral  masses  separated  by 
molar  tissue,  and  having  a  very  irregular  shape.  These  are  the 
htuUa  of  the  lungs.  Tbey  can  only  bo  made  out  in  certain  sittt- 
Btions,  even  by  dissection,  for  it  does  not  appear  that  the  whole 
haman  lung  is  thus  subdivided  by  areolar  septa.  Nevertheless,  it 
seems  certain  that  each  terminal  twig  of  the  bronchus  is  in  relation 
with  only  its  own  proper  set  of  air-cells,  and  that  snch  sets  of  cells 
do  not  commuoicate  except  through  the  medium  of  the  bronchia.     In 
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duB  HnaeloVnlM  exist  CTerjwhcre,  even  when  aotisol 
tiww,  uidiathit  sense  we  elinll  use  the  term,  as  convcnkotlT 
Bignating  that  series  of  air-cells,  usociatu 
dependence  on  a  single  ternaina)   air-tnhe. 
shall  afterwards  show  how  much  difierence 
J     -   —   1  in  the  isolation  of  the  lobules  of  the  liter 

V   PtI^  '^ '        B,llied  animals,  and  how  unimportant  this 
JiS  (n  '  1  appears  to  be._ 

I'J  "    i)  The  superficial  lobules   dorivo  a   coToriuf  , 

]^-^,/  one  aspect  from   the  pleura,  bat   are  w^wrilii 

l|^'.  from  it  by  rather  dense   areolar  tissue  ^^ 

1 1-'  ^' '  may  be  dissected  off  without   rupturing  tb«  » 

cells.  If  the  interstices  between  contlgeflS 
superficial  lobules  be  explored  hy  the  kniu,  4l 
terminal  bronchia  are  found  at  the  bottom  pf  Al 
fissures,  each  going  to  a  single  lobule,  aadbtulM 
these  are  seen  branches  of  the  palmoDarTirttlf 
and  vein,  not  running  in  company,  nor  limiliq 
themselves  to  a  single  lobule,  bat  comiDift  H, 
contiguous  lobules ;  so  that  the  air-spacM  </■■ 
lobule  do  not  communicate  with  those  of  uotlril 
across  the  interstices,  but  the  bloodvflwii  ik 
On  the  exterior  of  a  lobule  we  observe  babbitt  d 
air  of  various  sizes  in  its  tissue,  and  if  the  lirw 
chial  tubes  be  injected,  the  lobule  is  dbuoM 
and  its  exterior  presents  a  number  of  balgingl 
known  as  the  air-celU.  about  which  much  ft* 
troversy  has  existed.  Their  shape  seema  tmit- 
Urly  polyhedral,  like  the  lobules  themKli(& 
The  angles  where  three  or  more  of  thew  o^ 
meet,  are  the  points  at  which  the  terminil  t*ip 
of  the  pulmonary  artery  and  vi 
among  the  cells,  after  meandering 
over  the  surface  of  the  lobule.  In  their  cO'jtW  ] 
in  the  interior  of  the  lobule,  these  twigs  gcaoil^ 
run  separately  in  the  lines  of  janctioo  <^Amv 
more  cell-walls,  branching  aa  they  ran,  and  In^ 
ing  up  into  their  capiUanes  on  either  hsni 

As  the  superficial  lobules  are  tnmeated  vkM 
they  form  the  surface  of  the  lung,  so  the  eelk  at 
truncated  where  they  form  the  surface  of  the  lobnle.  This  iiM* 
decidedly  th^  case  where  the  lobules  are  well  defined,  and  admit  rf 
separation;  but  where  contiguous  lobules  are  not  isolated  by  irMil' 
tissue  (as  in  most  parts  of  the  interior  of  the  longs,  and  in  the  )wB 
of  the  smaller  mammalia),  their  superficial  cells  hare  .thw  IM^ 
ities  mutually  adapted  to  each  other,  and  even  their  walls  IM 
together,  ao  that  the  lobules  would  not  remain  distinct,  wen  its' 
that  their  air-cells  do  not  communicate  across  the  interval 

To  convey  a  correct,  and  at  the  same  time  a  simple,  idea  of  ik 
constitution   of  the  pulmonary  lobules,  we  must  rej^rd  each  ■■■> 
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itary  lung,  perfect  in  itself  as  an  arrangement  of  a  respiratory 
rane  adapted  to  the  aeration  of  th^  blood.  First,  the  terminal 
lial  tube  pertaining  to  each  lobule,  loses  its  epithelium  and 
lar  tunic  at  about  one-eighth  of  an  inch  distant  from  the  last 
11  to  "which  it  leads,  and  is  thus  reduced  to  basement  tissue  and 
r  eldstic  fibres,  which  become  blended  into  a  single  coat,  the 
aembrane  composing  the  tubes  beyond,  and  the  air-cells.  The 
lal  bronchial  tube,  thus  simplified,  ramifies  within  the  lobule, 
8  branches  may  be  conveniently  distinguished  from  the  bronchial 
under  the  name  of  lobular  passages.*  The  lobular  passages 
ider  than  the  terminal  bronchia,  and  are  remarkable  (being 
combed  on  their  interior)  for  presenting  a  series  of  sacculi  or 
m  their  wall.  These  are  the  pulmonary  air-cells.  They  form 
iber  of  bulgings  of  the  wall,  and  are  separated  from  one  another 
>ta  projectinginwards  from  the  wall  toward  the  axis  of  the  pas- 
Fig.  206).    They  each  open  separately  into  the  lobular  passages, 

0  not  communicate  with  each  other  except  through  the  passages. 
Brminations  of  the  several  lobular  passages  are  air-cells  coming 

the  surface  of  the  lobule,  but  some,  of  the  air-cells  placed 
lly  on  the  passages  also  contribute  to  form  the  surface  of  the 
I.  The  air-cells  thus  surround  and  terminate  each  lobular  pas- 
-and  the  lobule  consists  of  a  number  of  lobular  passages,  as- 
ed  by  their  dependence  on  a  single  terminal  bronchial  tube,  and 
clothed  as  it  were,  on  its  sides  and  at  its  end,  with  a  honey- 
of  air-cells,  with  orifices  open  towards  the  cavity  of  th^  passages, 
guous  cells  of  the  same  passage  are  separated  by  a  simple  septum 
ocess  of  the  wall,  while  the  contiguous  cells  of  neighbouring 
^  are  separated  by  a  septum,  likewise  simple,  formed  by  the 

of  the  walls  of  each.     Where  the  septa  spring  from  the  wall 

1  passage,  or  in  the  angles  where  neighbouring  cells  unite,  the 
s  strengthened  by  a  greater  thickness  of  elastic  tissue,  which 
has  the  form  of  arching  bands  of  considerable  strength  in  these 
ions,  as  well  as  around  the  orifices  of  the  cells.  Thus  the 
kF  passages  and  the  air-cells  are  formed  of  one  tissue,  and 
rm  the  same  function.  They  are  a  series  of  branched  cellulated 
flsages,  not  lined  with  epithelium,  or  coated  with  muscular 
,  but  highly  extensible  and  elastic,  of  much  larger  aggregate 
ity  than  the  terminal  bronchia  which  lead  to  them,  and  resem- 
closely,  in  general  conformation,  the  reptilian. lung.  Indeed, 
mirable  notion  of  the  essential  arrangement  of  the  lobules  of  the 
dalian  lung  may  be  derived  from  an  examination  of  the  terminal 

of  the  sacculated  bronchia  of  the  lung  of  the  turtle.  The 
kr  passages  are  wider  than  the  terminal  bronchia  of  which  they 
ie  continuations,  and  than  the  cells  which  pullulate  on  their 
They  also  branch  again  and  again  in  order  to  spread  from 
irminal  bronchial  tube  on  every  hand  throughout  the  whole  area 
B  lobule ;  and  as  their  ramifications  observe  no  certain  order  or 
3,  it  happens  that  sections  carried  through  the  lobules  are 

*  Dr.  W.  Addison,  Phil.  Trans.  1840. 
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raroly  found  to  follow  any  single  passage  far,  so  as  to  d 
Iinp[iy  manner  its  mode  of  difitribution.     Sometimes,  hoiii 
Is  belter  Been  than  at  others. 

[M.  Rosaignol  lius  recently  given  an  elaborate  deacriptioa* 
pulmonary  structure.     He  ineista  particularly  on  tlie  nltinwlf  li»^^ 
chml  ramlficntionB  being  tu  sliape  like  nn  inFcrted  fanntl,  ulb 
terms  them  the  infundibula.     The  cells,  forming  a  boiieyuaba 
their  interior,  he  calls  the  alveoli  (Figs.  203  and  206).     Eajbpm^  j 

Fig.  205. 


Fig.  20G. 


.  ,-  „  -  --    -.- uutwtoii^iitt 

accordinff  to  this  author,  seems  to  consist  in  a  distension  of  tk  p^ 
sages  and  cells,  and  a  breaking  down  and  obliteration  of  tluMSv 
first  between  the  cells  of  the  same  passage  and  then  between  w^ 
boring  passages,  and  even  between  contiguous  lobules. 

The  diameter  of  the  lobular  passages  is  from   ^  to  -^  of  v 

inch;  and  that  of  the  culls  from  jJi  tO|li 

of  an  inch  according  to  our  meunraml^ 

In  a  preparation  of  the  lang  of  tbe  nK 

given  UB  by  our  friend  Professor  Stla», 

they  measure  g^g;  and  Dr.     W.  Addim 

ninkes  them  from  ^Jj  to  jj^  of  an  incL— 

Ell.] 

B  u,t        The   skeleton  of   the   lobule  is  tboi  it 

L!"'ttat    clastic  membrane  elaborately  arranged, » 

'nJC'i'tt^"".     ^^^  '^^  '*^  """^y  ^^  brought  into  ciMiM 

[idM&r  onii    vith  it  fov  the  most  part  on  both  its  nrfiofc 

— fti^^i^oi."     '■'"■«"'     Over  this  membrane  the  wliolo  TMwmfcW 

of  the  body  is  made  to  courm  iu  a  coat^ 

stream,  so  as  to  be  snbmitted  to  the  action  of  the  air. 

Vaacular  Element. — lHha  pulmonary  arttrtf,  conveying  U)enM* 
blood  to  Ihe  lungs,  is  about  as  large  as  the  aorta,  auj  is  funnlw' 
with  a  triple  vulve  at  its  origin  from  the  right  venlricle  of  tbe  kort- 
It  soon  divides  into  a  right  and  left  branch,  which  enter  the  lunp  *> 
their  root,  and  ramify  as  far  as  the  lobules,  in  company  witti  (^ 
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roncfaia.  Arrived  at  the  lobules,  the  small  branches  of  the  pulmonary 
rtery  do  not  enter  in  company  with  the  lobular  passages,  but  dis- 
ribnte  themselves  over  the  lobules  in  the  interlobular  fissures,  pene- 
rftting  at  various  points  between  the  air-cells,  and  occupying  tubular 
hannels  in  the  angles  where  three  or  more  cells  meet.  These  chan- 
ela  are  formed  of  the  same  yellow  elastic  tissue  which  constitutes 
lie  lobular  passages  and  air-cells,  and  their  wall  blends  with  the 
roper  coat  of  the  terminal  twigs  of  the  pulmonary  artery  which 
9eopy  them.  The  capillaries  of  the  lobule  are  given  off  both  from 
lie  twigs  which  meander  over  the  lobule  and  from  those  which  pene- 
cmte  it,  and  they  form  a  network  which  covers  the  walls  of  all  the 
eUs  of  the  lobule,  as  well  as  of  the  lobular  passages,  anastomosing 
ith  some  twiffs  of  the  bronchial  arteries  where  the  passages  are 
ontinuous  with  the  terminal  bronchia.  This  network  empties  its 
lood  into  venules  which  lie  first  in  intercellular  channels  similar  but 
itermediate  to  those  which  lodge  the  arterial  terminations ;  and 
liese  venules  collecting  the  now  aerated  blood  from  the  interior  and 
Iso  from  the  surface  of  the  lobules,  converge  to  larger  veins  which 
e  in  the  interlobular  spaces  and  tend  towards  the  root  of  the  lungs, 
Dt  for  the  most  part  by  a  route  distinct  from  that  of  the  arteries 
nd  bronchia.  Thus  the  general  mass  of  the  lung  may  be  regarded 
B  containing  two  series  of  ramified  canals,  one  transmitting  the 
ronchia  (with  their  vessels  and  nerves^  and  the  pulmonary  arteries, 
lie  other  the  pulmonary  veins.  This  interesting  fact  was  well 
escribed  by  Dr.  Addison,  of  6uy*s  Hospital,  in  a  paper  in  the 
Wedieo-Chirurgical  Transactions  in  1840.  At  the  root  of  the  lungs 
mr  pulmonary  veins  result,  which  forthwith  discharge  their  torrent 
r  arterialized  blood  into  the  left  auricle  of  the  heart. 

The  cause  of  the  separate  course  of  the  pulmonary  arteries  and 
eins  is  to  be  found  in  the  opposite  position  of  their  radicles,  in  re- 
»rd  to  the  capillary  network  of  the  lobules,  it  being  a  convenient 
rrangement  for  the  terminal  arterial  and  venous  twigs  to  hold  alter- 
ate  positions  among  the  capillary  network,  so  that  each  arterial 
irig  disperses  its  blood  in  all  directions,  and  each  venous  radicle 
ollects  it  from  all  sides.  An  obvious  analogy  exists  in  respect  of 
be  course  of  the  vessels  and  ducts  between  the  liver  and  lungs,  the 
De-ducts  answering  to  the  air-passages,  the  hepatic  artery  to  the 
ronchial  arteries,  the  vena  porta  to  the  pulmonary  artery,  the 
epetic  vein  to  the  pulmonary  vein.  The  nerves  and  lymphatics 
i88  in  both  cases  with  the  ducts. 

The  capillary  network  of  the  lungs  lies  on  and  in  the  walls  of  the 
far-cells  and  lobular  passages.  These  walls  are  for  the  most  part 
neh  too  thin  to  inclose  the  capillaries  between  two  layers  of  their 
abetance,  and  therefore  the  capillaries  project  fairly  into  the  air- 
dIIs,  by  a  great  part  of  their  circumference,  being  adherent  to  the 
mil  by  a  narrow  line  only.  The  capillary  wall  is  thus  exposed  and 
are,  in  contact  with  the  air  of  the  cell,  and  nothing  besides  the 
elicate  membrane  of  the  capillary  intervenes  between  the  air  and 
lie  blood.  A  capillary  frequently  passes  through  an  aperture  in  the 
46 
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it  of  the  capnisries  and  terminal  air-pasaages,  lately  made 
by  Mr.  Rainej.  'Fhis  careful  and  acmrate  anatomist  was  tbe  first 
Id  insist  on  the  fact  that,  in  mammalia  and  birds  at  least,  the  capil- 
taries  are,  as  we  have  abore  noticed,  bare ;  exposed  on  their  exterior 
to  the  air,  not  covered  by  any  membrane,  either  mncons  or  serous, 
IT  1^  any  epithelium ;  and  that  by  this  arrangement  the  most  perfect 
wration  of  the  blood  which  traverses  them  is  provided  for.  The  Mr 
Md  the  blood  may  be  eaid  to  be  in  contact  throagh  the  delicate 
l^^llary  wall,  a  film  less  than  j—j  of  an  inch  in  thickness.  In 
Mm  of  the  mammalia,  as  the  kangaroo,  the  rat,  and  the  monee,  the 
HmBinal  ur-spaces  are  too  minute  to  contain  even  a  single  particle 
■f  epithelinm,  and  cannot  therefore  be  lined  by  a  pavement  of  snch 
nrticles.  The  elastic  ttesne  described  as  fonning  the  cell-wall  in 
tb*  human  tnng  is  in  each  instances  very  imperfect,  being  deficient 
\m  the  areolee  of  tbe  vascular  network,  so  as  to  render  the  cell-walls 
Bribriform,  or  rather  to  reduce  the  terminal  air-receptacles  into  s 
Dongeries  of  inosculating  and  most  minute  and  irregular  passages. 

In  the  bird's  lung,  the  elastic  tissue,  according  to  the  same  anato- 
wtt,  is  even  more  scanty.  Tbe  mucous  membrane  lining  the 
bronchia  ceases  at  the  commencement  of  the  lobular  passages,  and 
dwse  passages  seem  hollowed  out  in  the  substance  of  a  solid  capil- 
lar plexus,  or  one  in  which  the  capillaries  extend  and  anastomose 
iowfierently  in  all  directions.  This  vascular  plexus  forms  tbe  only 
trail  of  these  passages,  and  the 
air  has  access  from  the  passages  Fig-  ^^ 

into  the  interstices  of  the  plexus, 
■0  as  everywhere  to  surround  and 
tonch  the  whole  surface  of  every 
eapillary.  Instead,  therefore,  of 
dte  terminal  air-spacee  being  cells 
with  a  plane  network  of  capilla- 
IU8  on  their  walls,  they  are  the 
Bare  interstices  of  a  solid  vascu- 
lar plexus.  Thus,  a  mAe  abund- 
ant intermixture  of  the  blood  and 
■ir  is  secured,  and  the  ultimate 
tiviie  of  the  lung  is  reduced  to  the 
iftaple  capillary  wall,  arranged 
la  uat  air  has  access  to  its  exte- 
rior. The  adhesion  of  the  lungs  burhht  obUqiH  Bcttn  tiuonh  ■  )■ 
to   the  costal   surface,  and   the    SS^^-^ErSi  ™uX'iS:^i.*-JS 

—      ■     ■    •  •  ■'  1 1-     --  -  ■—  " — Inlbtamamlmiw, 


nf>port  afforded  by  the  cartila-    ^^'[^ 
tinone  and  other  tissues  of  the    •««.  <<. 

P  I.I.I.  11  1.       .L  bdhis  coBUiBiiia  UH  toiUBW  niBOiu 

irracnial  tubes,  as  well  as  by  tbe  ud  tiId*  nmiiTtiif  tk*  apuiur  pi« 
areolar  tissue  bounding  the  elon-  iS^JTSZ^i  u«  -.  ni-  - 
gated  lobules,   are   sufficient   to 

Maintain  the  integrity  of  so  frail  a  web.  The  aerial  interstices  of 
Ae  vascular  plexus  are  usually  even  smaller  in  diameter  than  the 
eapillarics  themselves,  and,  according  to  Mr.  Rainey,  average  08*00 
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of  an  inch.     The  above  Fig.  (208)  is  from  Mr.  Rainey's  paper,  ui 
is  drawn  from  the  lung  of  the  fowl,  highly  magnified. 


The  gradations  of  perfection  in  the  respiratory  surface,  conrndered  as  to  its ! 
organization  in  Reptiles,  Mnmmnlia,  and  Birds,  may  be  tfans  recapitalated:— 

In  lleptilea  the  cells  are  large  and  few.  The  air  has  access  to  the  rt«piratcij» 
pillaries  only  on  one  surface,  Tiz.,  that  towards  the  cavity  of  the  cell  whidi  ihcj  Sm: 
and  where  two  cells  arc  contiguous,  but  separated  by  a  septum,  the  septan  kii 
capillary  web  on  each  of  its  surfaces. 

In  Mammalia,  for  the  most  part,  the  cells  are  much  multiplied,  and  where  twob 
side  by  side,  the  septum  between  them  has  but  one  layer  of  capUlaries,  which  it,  iii 
great  measure,  commun  to  them  both,  and  aerated  on  both  its  surfaces.  Aii>i  km 
wc  may  remark  the  reason  of  the  non-isolation  of  the  lobules  by  areolar  tissue  ia  ik 
mammalian  lung,  except  at  the  borders  and  thinner  parts,  where  such  iwlailoo  i! 
necessary  for  the  movements  of  the  lung  in  respiration.  When  the  lobules  tzt  thn 
isolated,  the  capillaries  on  the  cell-walls  which  bound  the  lobule  can  hare  air  onlj  • 
that  surface  which  is  towards  the  cavity  of  the  cells;  whereas,  when  the  coDtigMB 
lobules  are  blended  by  the  fusion  of  the  cell-walls  which  form  their  exterior,  tkw 
cell-walls,  like  the  rest,  contain  but  a  single  respiratory  plexus,  which  is  aentoda 
both  its  surfaces. 

In  Jiirda  the  respiratory  capillary  plexus  is  rendered  the  most  perfect  possible.  M 
by  the  omission  of  the  elastic  supporting  tissue,  and  also  by  the  vascular  plexulxiig 
no  longer  lamellar,  but  solid,  or  extended  alike  in  all  directions.  It  is  manifat  thit 
by  this  arrangement  a  given  pulmonary  space  is  made  to  contain  the  greatest  paaiyi 
quantity  of  capillary  wall,  and  that  this  wall  is  ei^osed  most  completely  to  thetetia 
of  the  uir  admitted  around  it. 

MovementB  of  Respiration. — The  thorax  is  a  movable  framemiA 
composed  of  a  nearly  fixed  column,  the  dorsal  spine,  on  which  are 
movably  articulated  twenty-four  ribs,  curved  and  inclined  so  u  to 
embrace  a  large  conical  space,  and  ending  in  cartilages,  which,  with 
three  exceptions  on  each  side  (the  floating  ribs),  are  joined  in  front 
through  the  medium  of  a  flat  piece,  the  sternum,  the  inclination  of 
wliich  is  downwards  and  forwards.  Tlie  upper  orifice,  embraced  by 
the  vertebral  column,  first  ribs  and  sternum,  is  closed  by  a  fascia  of 
dense  areolar  tissue,  rendered  extremely  irregular  by  the  apices  of 
the  lungs  rising  sliglitly  into  the  neck,  and  by  the  varions  ^t^l^ 
turcs — the  oesophagus,  trachea,  great  bloodvessels,  muscular  and 
other  parts — that  pass  through  it.  The  lo^er  orifice,  which  is  reit 
much  larger,  is  closed  by  tlie  diaphragm,  an  arched  and  slo|iins[ 
niuseulo-tendinous  septum  between  the  thorax  and  abdomen,  through 
which  pass  the  inferior  vena  cava,  the  aorta,  and  great  absorbent 
trunk,  as  well  as  the  oesophagus  and  the  pneumogastric  and  snopi- 
thetic  nerves.  Between  the  rihs  are  placed  the  two  lavers  of  inter- 
costal muscles  with  oblique  fibres  oppositely  crossing,  and  chiefly  on 
the  exterior  of  the  bony  framework  are  added  other  musclci!.  which 
may  enlarge  or  diminish  the  area  of  the  cavity,  and  thus  act  in 
respiration,  but  which  are,  for  the  most  part,  subservient  to  the 
general  muscular  movements  of  the  body. 

The  thorfix  is  capable  of  enlargement  in  all  its  dimensions;  in 
height,  depth,  width.  Its  vertical  extent  is  increased  by  the  eleva- 
tion of  the  ribs  and  the  widening  of  the  intercostal  spaces,  hut  chiefiy 
by  the  descent  of  the  diaphragm.  Its  antero-posterior  and  trinr 
verse  diameters  are  increased  bv  the  elevation  of  the  ribs,  wLifh 
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brwards  as  well  as  raise  the  sternum  (and  the  lower  end  of 
me  usually  a  little  more  than  the  upper,  in  consequence  of  the 
'  length  and  obliquity  of  the  lower  sternal  ribs),  and  which 
em  to  undergo  a  slight  rotation  on  a  line  joining  their  two 
ities,  by  which  their  middle  part  is  raised  and  slightly  re- 
from  the  median  plane  of  the  thorax.  These  are  the  princi- 
des  provided  in  the  mechanism  of  the  thoracic  walls  for  its 
ion  in  breathing.  It  should  be  added  that  during  the  advance 
sternum  the  arch  of  the  ribs  is  widened,  chiefly  by  a  torsion 
r  cartilages,  and  that  the  elastic  rebound  of  those  parts  is  a 
nl  agent  in  expiration. 

Tved  Movements. — All  the  foregoing  modes  of  enlargement 
thorax  act  in  deep  inspiration,  but  in  ordinary  breathing  there 
nsiderable   differences 

ng   to   sex    and   age.  ^»g-  209. 

I,  an  ordinary  inspira- 
\  attended  with  very 
elevation  of  the  ribs, 
re  than  one-twentieth 
nch,  according  to  Dr. 
nson's  observations ; 
Sj  in  women,  this 
ent  is  very  obvious, 
ilarly  in  the  upper  ribs. 
>t  improbable  that  the 
of  this  may  lie  in  the 
er  waist  of  the  female, 
g  an  undue  enlarge- 
)f  the  upper  part  of 
»rax  to  compensate  for 
aller  size  and  less  dila- 
r  of  the  ample  base. 
)paration  of  the  ribs 
dening  of  the  intercos- 
ces  when  the  chest  is 
jd,  are  proved  by  mea- 
nt both  in  the  living 
.'ad.  Dr.  Hutchinson 
de  casts  of  the  interior 
both  states.  Dr.  Sib- 
ides  the  ribs  into  three 

i  superior  set  of  five,         ^     ^         ^ 

tely  joinins;  the  ster-    ^^^m^  um  bodJr'oomM  up 

•^.    ,  j»    X  i.     r     forcfd  expiration.  It  recede 

Ul  intermediate   set  Ot      cated.    From  Dr.  Hntchim 

with    conjoint    carti- 

and  an  inferior  or  diaphragmatic  set  of  four  with  floating  car- 
He  considers  that  all,  except  the  upper  four  in  their  front 
iverge  from  one  another  in  inspiration,  the  inferior  set  the 
mt  the  lowest  of  all  remaining  stationary.     Messrs.  Beau  and 


Diafcrmmj  tbowing  the  extent  of  anteroiweterior 
moyement  in  ordinary  and  ftntsed  respiration  in  male 
and  female.  **  The  back  ia  euppoeed  to  be  fixed  in  order 
to  throw  fbrtrard  the  morement  ae  much  ae  poeidhle.*' 
The  black  line  indicatce,  by  its  two  marsina,  the  limits 
of  ordinary  inspiration  and  expiration.    In  joreed  inm^ 

to  the  dotted  line,  while  in 
les  to  the  smallest  space  indl* 
Hutchinson. 
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■iftt*  describe  three  varieties  of  ordinary  respii  _ 

\«rthat  chieSy  effected  by  the  diaphragm  and  appueuiB 
.  of  tlie  abdominal  walls.  This  occurs  in  infants  19  k 
_  B  «iid  rftbe  third  year,  and  in  males  generally.  2.  CosIo-ifiEnioi, 
«r  tbit  tai  %hich  the  lower  ribs  (those  of  Mr.  Sibson'a  inicroediili 
t  seta)  are  observed  to  act.  This  is  observed  in  boj«  til 
'  1  men.  S.  Costo-sup^rior,  or  tliut  effected  in  a  c* 
f  the  upper  ribs.     This  is  observed  ia  UaJa, 

g. — The  diaphragm  has  an  arched  furm,  Ubigte 
ind.     The  fibres  pass  to  a  central  tendon  on  fiioA 
in  the  pericardium,  the  lungs  resting  chicAjB 
Its  contraction  would  tighten  and  then  itftm 
i  tendon  and  the  muscle  generally,  and  woitUiba 
1  the  curve  formed  by  the  fibres  aa  they  jwa  bm 
B  to  the  central  tendon.     Thus  the  heart  vealdit 
.,  perhaps,  tho  lungs  more,  and  the  area  of  tb 
monls  of  the  tliorux  would  be  much  ealai^eiCv 
1  at  their  wide  and  ample  base,  where  a  J^ 
H  movement  produces  a  great  effect.     In  iia<kwHii 
sses  down  the  abdominal  viscera,  and  bnlgM  It* 
In  espiration,  it  recedes  upwards,  being  pVH 
^OB  bj  thai>tiMominal  walls  through  the  medium  of  tho  rianm. 

Tht  aotioB  of  the  infercostal  mv9cle»  is  less  obvious,  ud  M  kM 
ths  salljieot  of  much  difference  of  opinion,  even  before  the  tUjitf 
Haller.  It  may  be  studied  on  mechanical  principles,  and  b»  ubtw- 
ration.  Hambergerf  has  given  tho  most  elaborate  and  com)^ 
«xpositioo  of  the  mechanical  view  of  the  subject,  and  haa  tUostnuJ 
it  vjth  diagrams  and  models.  He  shows  that  if  two  {»aralid  Un 
Qiba)  slope  downward  from  a  fixed  vertical  column  (spine)  tovU 
they  are  acparately  articulated  (beads  of  the  ribs)  and  are  lifl 
separate  at  their  opposite  ends  (as  by  the  sternum),  then  aoeotnfr 
tile  foroe  (muscle)  acting  between  them,  will  raise  or  deprest  M 
bars,  according  to  tbo  direction  of  its  obliquity.  If  the  contnocilt 
cord  slope  downward  frt^m  the  column  repreeenting  tbe  epiiu  (•lli^ 
nal  intercostal  fibres),  the  bars  will  both  be  eleratecl  by  iti  ewM^ 
tton,  and  will  carry  upwards  the  sternal  element.  As  tb^  tm,  At 
oord  is  Been  to  shorten. 

If  on  the  other  hand  the  contractile  cord  elope  dovtiirards  tmmt 
the  vertical  column  (internal  intercostal  fibres),  then  tha  ban  nib 
both  depressed  by  its  contraction.    It  is  obvioiu  -  that  tbe  qwas  fe 
twees  uie  bara  will  be  widened  as  they  rise  towards  the 
line,  and  narrowed  aa  they  fall.      Hence  it  aeema  olea^. 
entering  upon  the  mechanical  theorems  by  which  tite  above 
may  be  proved,  that  the  action  of  the  external  and  interai)  ■ 
oostals  mnst  he  antagonistic.    That  the  former  most  elercte 

•  AroliiT.  (Mo.  da  HM.  t  xr.  p.  S99. 

t  Flv>iologia  HwiiiM,  Jens,  1761,  ixo.  p.  liO,  m  Mf. 
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Sien  out  the  ribs,  the  latter  depress  and  approximate  tbem — ^that,  as 
6  fibres  of  the  one  are  shortened,  those  of  the  other  must  of  neces- 
Bty  be  lengthened. 

It  is  true  that  the  ribs  are  curved,  and  yariously  flexible,  instead 
if  straight  and  stiff;  that  their  articulations  differ  from  one  another, 
md  are  nowhere  purely  ginglymoid,  and  that  other  forces  besides 
die  intercostal  muscles  influence  their  movements. 

These  considerations,  however,  do  not  seem  to  affect  the  substan- 
kiftl  accuracy  of  Hamberger's  views,  so  far  as  relates  to  the  greater 
Nmber  of  the  ribs,  and  indeed  to  all  in  the  posterior  region.  And 
|>r.  Hutchinson  has  done  well  to  call  attention  to  them  and  to  illus- 
trate them  by  new  researches.  But  Dr.  Sibson  has  shown  by  ob- 
serrations  both  in  man  and  animals,  and.  in  the  latter  especially,  by 
a  aeries  of  careful  experiments  upon  the  actual  movements  of  the 
thoracic  walls  and  their  muscles,  exposed  during  life,  that  the  exter- 
■al  intercostals  are  not  everywhere  inspiratory,  nor  the  internal  ones 
iq>iratory.  For,  in  the  upper  two  or  three  spaces  in  front,  the  in- 
kemal,  as  well  as  the  external  intercostal  fibres,  contract  and  ap- 
proximate the  ribs.  Those  fibres,  also  of  the  internal  intercostals, 
vhich  pass  between  the  cartilages  of  the  ribs,  contract  during  inspira- 
Ipon,  and  correspond  with  the  internal  intercostals  of  the  sternal  ribs 
ft  birds,  which  are  powerfully  inspiratory,  and  slope  downwards  and 
beckwards  from  the  sternum.  These  may  have  their  action  explained 
hj  Bamberger's  views,  if  the  sternum  be  regarded  as  giving  the 
Ucrum  instead  of  the  vertebral  column.  Again,  the  lowest  external 
IBteroostal  lengthens  in  inspiration,  and  is  an  expiratory  muscle,  the 
plerenth  rib  in  inspiration  rising  from  the  twelfth,  which  is  sta- 
tionary.'* 

.  On  the  whole  we  may  conclude,  that  in  inspiration,  the  upper  ribs 
piae  by  the  action  of.  the  scaleni — that  the  rest  of  the  ribs  in  their 
hinder  part  rise  and  open  out  by  the  action  chiefly  of  the  external 
intercostals ;  while  in  front  the  intercostal  spaces  are  narrowed  above 
hj  the  rise  of  the  second,  third,  and  fourth  ribs  towards  the  first,  and 
pi  the  same  time  widened  midway  and  below,  the  flexibility  of  the 
Metal  cartilages  having  much  to  do  with  this  latter  movement.  It 
Hiy,  also,  be  regarded  as  certain  that  the  internal  intercostals, 
RBoept  in  front,  are  muscles  of  expiration,  and  approximate  the 
ribe. 

*  On  February  26,  1851,  Dr.  Sibson  exposed  the  interoostid  muscles  in  a  dog  under 
iUorofomi,  when  we  noted  the  following  as  facts:  1.  The  lower  fibres  of  the  serratus 
nagmis  contract  during  inspiration;  the  upper  fibres  lengthen.  2.  The  first  fiye 
leltreostal  spaces  diminish  deereanngly  during  inspiration.  8.  The  seTenth,  eighth, 
M(ft  mnth  ribs  diverge  increasingly  from  the  seventh  to  the  ninth,  and  the  tenths 
ijUnrenth,  and  twelfth  in  a  less  degree.  4.  The  twelfth  rib  is  stationaipr.  5.  The 
mi  external  intercostal  muscle  shortens,  the  lowest  lengthens,  during  inspiration. 
BL  The  first  and  second  internal  intercostal  muscles,  in  front,  shorten  during  inspira- 
llm ;  the  third,  also,  in  a  very  slight  degree.  7.  The  sixth  internal  intercostal  elon- 
gates during  inspiration,  and  the  ninth  also,  but  in  a  greater  degree.  8.  The  eleventh 
MBlerior  external  intercostal  of  the  diaphragmatic  ribs  shortens  during  inspiration.  9. 
Mitnd,  the  tenth  external  intercostal  shortens,  the  tenth  internal  lengthens,  during 
biq>iration. 
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Dr.  Sibson  has  well  pointed  out  that  the  forces  which  expand  dn 
thorax  act,  in  a  great  degree,  in  a  separate  and  independent  manner « 
its  several  parts ;  that  the  lover  region,  and  the  lower  lobes  of  At 
lungs  which  fill  it,  are  enlarged  by  the  diaphragm  and  lower  extend 
intercostals,  while  the  upper  region  expands  under  the  inflneneetf 
the  scaleni,  its  external  intercostals,  and  (in  front)  its  internal  int» 
costals.  A  variety  of  morbid  conditions  of  the  lungs,  where  tkee^ 
pansibilitj  of  one  or  more  lobes  is  modified,  illustrates  this  obsem- 
tion,  for  one  side  of  the  chest  may  be  observed  to  expand  ▼ithnt 
the  other,  or  a  portion  of  one  side  without  the  rest.  How  importut 
this  amount  of  independence  of  the  parts  of  the  chest  is  to  the  pre- 
servation of  life,  under  accident  or  disease,  needs  hardly  be  ei- 
plained. 

In  addition  to  the  muscles  now  mentioned,  the  levatoret  eodarwa^ 
cervicalis  ascendenSy  and  serratus  posticus  superior  are  probatlf 
muscles  of  ordinary  inspiration ;  and  those  of  the  abdominal  mB, 
with  the  levator  ani^  of  expiration ;  the  latter  action  being  aided  bj 
the  elasticity  of  the  ribs  and  their  cartilages,  and  by  the  resilienee 
of  the  elastic  tissue  entering  so  larjgely  into  the  composition  of  thi 
lungs  themselves.  This  resilience  (which  Dr.  Carson  showed  to  k 
sufficient  in  sheep  and  dogs  to  balance  a  column  of  water  from  oae 
to  one  foot  and  a  half  in  height)  occasions  the  collapse  of  the  hnp 
when  the  pleural  cavity  is  accidentally  opened,  as  sometimes  (f 
wound  of  the  parietes.  In  such  cases  the  air  passes  in  and  out « 
the  thorax  through  the  wound  in  respiration,  and  the  air  preriooslj 
in  the  lung  is  expelled  through  the  glottis  by  the  elastic  force  of  the 
pleura  and  walls  of  the  air-passages  and  cells.  If  the  lung  ilao 
be  wounded,  the  air  may  pass  into  the  pleural  sac  from  the  ai^ 
passages  under  the  same  resilient  force,  and  be  thence  pumped  by 
the  expiratory  forces  through  the  wound  in  the  parietes  into  the 
areolar  tissue  of  the  body,  as  so  often  happens  in  the  case  of  frt^ 
tures  of  the  ribs. 

Extraordinary  Muscles  of  Respiration, — In  voluntary  deep  breath- 
ing, or  when  (as  in  asthma)  the  head,  neck,  and  upper  extreni::!'*? 
become  fixed  points  for  the  muscles  passing  between  them  ami  th 
thorax,  the  lower  part  of  tlie  serratus  magnus,  the  pectorale?,  the 
subclavii,  with  the  stenio-mastoidci,  trapezii,  and  some  others,  ai'l  in 
dilating  the  chest.  Some  difference  exists  among  the  most  recenr 
authors  as  to  the  share  particular  muscles  take  in  the  movemeiit*  d 
respiration;  and  this  is  not  surprising  when  we  consider  the  com- 
plexity of  the  problem,  the  difficulty  of  determining  the  fixed  poinii, 
or  of  observing  the  muscles  in  separate  action.  In  forced  expiration^ 
the  triangulares  sterni,  the  serrati  postici  inferiores,  sacro-lumbale?. 
latissinii  dorsi,  with  their  accessories  as  hi«Tli  as  the  hif'hest  cofial 
msortinn,  probably  help  to  depress  and  approximate  the  ribs. 

I\iwtv  of  the  Ucspiratorif  Musch's. — Dr.  Hutchinson  has  larelj 
niaJr  minuMtMis  experiments  on  this  subject,  and  his  results  ami  tLiw 
of  \  !il«Mi(in  and  Mendelssohn  agree.  He  finds  .is  the  aveni^'o  «'f 
Ijt'iOO  trials  that  the  expiratory  power  exceeds  the  inspiratory  I'J 
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bird ;  that  men  of  5  feet  7  or  8  inches  have  the  greatest  inspi- 
j  power,  and  should  on  an  average  raise  a  colnmn  of  mercury 
inches ;  while,  above  this,  the  strength  gradually  decreases  as 
ature  increases,  so  that  a  man  of  6  feet  raises  a  column  of  only  two 
9  and  a  half:  also,  that  occupation  or  mode  of  life  serves  much 
odify  the  relation  which  the  inspiratory  and  expiratory  powers 
to  each  other.  Thus,  wrestlers,  boxers,  and  others,  accustomed 
iploy  the  extraordinary  muscles  of  respiration,  in  rendering  the 
X  a  fixed  point  from  which  other  muscles  might  act,  were  found 
re  an  unusual  power  of  expiration.  In  one  wrestler  he  found 
cpiratory  power  exceed  nearly  four  times  that  of  the  natural 
tttory  power.  Valentin,  in  six  experiments  on  young  adult 
I,  found  the  force  exerted  in  ordinary ^  tranquil  inspiration  and 
ition  to  be  from  about  one-seventh  to  three-sevenths  of  an  inch 
Toury.  Dr.  Hutchinson  calculates  that  a  man  who  raises  three 
s  of  mercury  by  an  effort  of  inspiration  exerts  a  force  equal 

000  lbs.  In  one  man  he  found  the  mercury  raised  to  such  a 
t  (seven  inches)  as  to  indicate  a  force  of  2,200  lbs.,  or  nearly 
• 

len  the  capacity  of  the  thorax  is  augmented,  the  air  in  the  lungs 
ids  so  as  to  keep  them  in  contact  with  the  walls,  and  the  ex- 

1  air  enters  by  the  trachea  to  restore  the  equilibrium.  When 
ilating  force  ceases,  the  walls  of  the  chest  contract  upon  the 
,  and  expel  a  portion  of  the  air,  the  lungs  themselves  conspir- 

e  of  the  Trachealis  Muscle. — That  the  trachealis  in  contracting 
diminish  the  area  of  the  trachea  and  bronchia  is  obvious  from 
rangement  no  less  than  from  experiment.  Dr.  Williams  found 
iie  lungs  taken  from  an  animal  just  killed  manifestly  contracted 
'  the  stimulus  of  galvanism.  The  fibres  are  allied  to  those  of 
acts  of  glands,  and  of  the  bloodvessels,  and  are  consequently 
biy  incapable  of  coinciding  in  action  with  the  muscles  of  respi- 
L  It  further  seems  impossible  to  assign  an  object  to  any 
»Itic  action  which  might  be  attributed  to  them.  We  are  dis- 
.  to  consider  that  the  trachealis  muscle  contracts  and  dilates  the 
bee  slowly,  in  relation  to  the  activity  of  the  respiratory  func- 
),%  different  times  of  the  day,  or  under  other  modifying  circum- 
38.  Its  contraction  would  tend  to  limit  the  quantity  of  air 
mitted  in  a  given  time,  or  would  quicken  its  passage.  It  is  in 
obability  contracted  spasmodically  in  spasmodic  asthma,  and  in 
tfly  stages  of  bronchitis.  If  it  contracts  during  the  sensation 
precedes  and  accompanies  coughing,  this  would  facilitate  the 
sion  of  mucus  by  quickening  the  expelled  current  of  air. 
'citation  of  the  Respiratory  Movements. — We  have  already  re- 
1  to  the  share  taken  by  the  nerves  in  respiration.  The  respi- 
f  acts  are  essentially  involuntary,  and  unconsciously  performed, 
ogh  we  have  a  limited  power  of  checking  or  accelerating  them, 
rying  their  rhythm  or  force,  and  can  become  aware  of  them  by 
brt  of  attention.     After  holding  the  breath  for  fifteen  or  twenty 
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wconda  during  ordinary  respiration,  or  forty  secootls  a(W  t  Jm 
iDspiration,  iheTO  arises  an  insupportable  seosation  over  tba^M 
chest,  coQceotrated  under  the  sternum,  and  no  effort  can  p-""'-^ 
the  interruption  of  the  respiratory  acts.  This  urgent  tea. 
want  of  breath,  when  carried  to  its  full  extent  by  any  mi 
impediment  to  the  aeration  of  the  blood,  is  one  of  the  moit 
and  oppressive  kind,  and  is  referable  to  the  pulmonary  pleiu 
tributed  on  the  bronchia,  and  perhaps  on  the  walls  of  the  In) 
passages  and  cells.  The  impression  made  on  these  peiipben^  ta 
by  the  absence  of  oxygen,  and  tho  undue  presence  of  carbotiic 
in  the  air  in  contact  with  them,  is  propaguted  to  tho  epihal  cord 
medulla  oblongata  by  the  sympathetic  and  vagus,  and  there  at 
those  combined  actions  of  the  muscles  of  insplrittion  which  l««d 
the  renewal  of  the  air;  and  it  may  be  fairly  concladed  ^ot 
ordinary  motions  of  respiration  depend  on  the  same  circle  of  a» 
actions,  which  thus,  voluntarily  arrested,  become  app&reot  bjr 
accumulated  force.  The  muscular  actions  of  expiration,  wliitA 
to  follow  80  evenly  on  those  of  inspiration,  ore  probably  d<i(L,if' 
part  at  least,  to  the  stimulus  of  elongation  of  their  fibres,  VHa 
the  ribs  diverge,  the  fibres  of  the  internal  intercostals,  except  in 
front,  are  extended. 

Frequeney  of  Jiespirationa  and  Ratio  to  the  J*uhe. — The  onoilM 
of  respirations  per  minute  ia  healthy  adults  is  from  eigbtocB  H 
twenty;  but,  according  to  Dr.  Ilutchinsou's  ubservations  oa  utan 
than  1,700  persons  (when  sitting),  the  range  in  health  may  be  bM 
sis  to  forty,  though  most  persons  breathe  from  sixteen  to  treilt;- 
four  times  per  minute.  The  proportion  which  the  rospirauoDB  bar 
to  the  beat«  of  the  heart  is  liable  to  much  variation,  bnt  ia  in  l^nl 
not  far  from  that  of  one  to  four.  Dr.  Guy  has  shown  lliu  lit  ■ 
respirations  are  rather  more  frequent  in  the  evening  than  in  tbi  I 
morning,  whereas  the  pulse  is  rather  slower.  Uo  has  also  dJMorend 
that  the  proportion  between  the  respirations  and  pulsations  ia  n  ' 
deranged  by  changes  of  posture,  probably  by  these  modifying 
expansion  of  tho  lunga  at  each  inspiration,  without  inducing 
oorresponding  change  in  the  tranamisaion  of  the  blood. 

Aerial  Capacity  of  the  Imngt,  and  Amount  of  Air  Bndkdr' 
When  the  lungs  have  been  emptied  as  much  as  possible  of  air,  tf  > 
forced  expiration,  they  still  contain  &  residual  qtunti^,  iriiicfc  bV 
be  estimated  at  about  forty  cubic  inches.  The  mecbwiieal  sn^ 
tioDS  under  vhioh  the  organs  are  placed  do  not  alloir  of  thdr  m^ 
ling  this  renmant.  If,  now,  the  deepest  possible  inspiimtioii  be  twi^ 
it  is  found  that  they  are  capable  of  inhaling  a  further  qnuiti^,  fHf 
ing  much  in  different  persens,  bnt  on  an  average  about  S40  <iki 
inches,  which,  with  the  former  residual  quantity,  make  a  raarfW 
oubic  inches  as  the  full  capacity  of  the  lunga  of  a  panon  of  fli' 
height  (5  feet  8  inches).  But  in  ordinary  breathing,  the  loBp  M 
eoaJUm, 


in  tnui  < 
liMorend  J 
siamsAa 

fyiDgte| 
icing  Bf  ^ 


neither  very  empty  norvery  full — theymainbun  a  middle 
and  their  range  of  movement  in  natural  or  ordinary  r 
only  sufficient  to  pomp  in  and  out  a  quantity  of  ur  eqi 
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cubic  inches.  From  the  best  observations,  it  may  be  qoncluded 
%t  a  person  whose  full  capacity  is  280  cubic  inches,  contains  in  his 
iga,  after  an  ordinary  expiration,  about  110  cubic  inches;  and 
mr  an  ordinary  inspiration,  about  140  cubic  inches,  a  quantity 
ich  he  is  enabled  to  double  by  a  fuU  inspiration.  Thus  rather 
nre  than  one-fifth  of  the  ordinary  contents  of  the  lungs  are  expelled 
each  expiration,  and  again  renewed  by  inspiration. 
Dr.  Hutchinson,  by  means  of  a  gasometer,  which  he  terms  a  «pu*o- 
eter,  has  examined  a  large  number  of  persons  with  reference  to 
nr  power  of  taking  air  into  the  lungs.  The  person  first  inspires 
the  full  extent,  ana  then  breathes  into  the  instrument  as  much  air 
he  can,  and  it  results  that  the  height  of  the  individuals  has  much 

do  with  their  respiratory  range.  Thus,  while  on  an  average  a% 
non  of  5  feet  breathes  174  cubic  inches,  one  of  5  feet  1  inch  will 
Mthe  182  cubic  inches,  and  for  every  inch  of  height  up  to  6  feet, 
II  breathe  about  8  cubic  inches  additional.  Weight  has  much  less 
Inence  than  height,  but  tends  to  diminish  the  respiratory  power 
ten  beyond  a  certain  limit.  In  males  of  the  same  height,  the 
miratory  range  {vital  capacity  of  Hutchinson)  increases  from  15 
85  years  of  age;  but  from  35  to  65  it  decreases  nearly  1^  cubic 
dies  per  year.  Bourgery  agrees  nearly  with  this :  he  states  that 
>re  air  can  be  inspired  at  thirty  than  at  any  other  age,  and  that  in 
1  persons  the  range  is  very  limited.  Bourgery  calculates  that  a 
ila  of  ten  years  of  age,  with  a  weight  three  times  less  than  that 

a  man  of  eighty,  has  a  respiratory  power  eight  times  greater. 
08  is  due  to  the  great  difierenie  there  is  in  the  range  of  the  respi- 
kHTY  movements.  The  old  man  being  able  to  increase  the  amount 
Milled  by  less  than  a  half,  while  the  child  may  increase  it  nearly 
nteenfold.  Herbst  has  shown  that  the  capacity  of  the  lungs  is 
leh  smaller  in  the  female  than  in  the  male. 
Having  now  considered  the  anatomy  of  the  respiratory  organs, 
d  the  movements  which  regulate  the  supply  of  air,  we  may  proceed 
eonsider  the  changes  which  occur  in  the  air  during,  its  s(gourn  in 
atact  with  the  respiratory  surface,  and  also  the  corresponding 
anges  in  the  blood  circulated  there. 

OkangeM  in  the  Beepired  Air. — The  air  consists  of  a  mixture  of 
yeen  and  nitrogen,  m  the  respective  proportions  of  about  20.81 
d  79.19  in  100  parts  by  volume,  with  the  addition  of  a  very  minute 
rtion  of  carbonic  acid  gas,  not  exceeding  one  part  by  volume  in 
MM).  It  contains  watery  vapour  in  variable  quantity,  according  to 
aperature  and  other  circumstances ;  and  also  non-estimable  quan* 
iea  of  other  gaseous  and  volatile  substances,  of  no  account  in  re- 
aon  to  the  respiratory  function.  In  air  that  has  been  breathed, 
a  temperature  is  found  to  have  assumed  nearly  or  quite  that  of  the 
KkI,  the  quantity  of  moisture  has  nearly  reached  the  point  of  satu- 
feion,  the  proportion  of  oxygen  has  diminished,  and  that  of  carbonic 
id  has  increased,  while  that  of  nitrogen  has  slightly  increased,  o)r 
8  undergone  little  change.  A  small  quantity  of  animal  matter 
•  also  been  received  from  the  air-passages,  as  is  proved  by  the 
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hi&itii  ooloar  Mgilmed  by  sulphuric  acid,  thrftugS^ 
lit  is  made  to  pus. 

Aqittout  FipftMr  ExliaM. — It  rpsulta  from  the  most  e 
lliuiitB,  alnoDgst  which  may  bo  mentioned  those   of  V 
Bnnuur,  snd  of  Molcschott,  that  tbo  a!r  expired  is  Dsually  s 
satsntod  viA  moisture,  and  that  the  quantity  of  v&ter  thus  « 
from  the  ajitem  in  tventy-four  hours,  may  he  estimated  in  tm , 
eEmatea  at  from  twelve  to  twenty  onnccs.     It  is,  of  course,  napa 
1)le  to  asoertain,  nor  is  it  important,  how  mach  of  this  qnuititi 
derived  from  the   respiratory  surface,  strictly  so    called,  nj  li 
much  from  the  moist  and  vasculiir  sui-faccs  of  the  nasal,  pharyng 
and  bronchial  passages. 

*    SxhdUaiiM  €jf  Carbonic  Acid  by  (he  Lvnffs.< — It   is  easy  toik 
that  oariwnio  acid  gas  is  exhaled  from  the  lungs,  by  breatbiiig  ii 
Kme-mter,  whi^  thus  becomes  turbid  by  the  formation  of  inr'-' 
oariMiiate  of  lime ;  or  into  a  phial,  where  a  taper  ia  tb«i  ■ 
eztiaffmslied. 

In  100  part!  by  volume  of  expired  air  (as   an   average  of  m 
czpenmestBj) 

Costhupe     .  faund 

"ValGiitin  ana    \  „ 


The  general  average  of  the  results  of  Valentin  and  BmoDtr.Mi  1 
Vierordt,  all  of -which  were  performed  on  adult  males,  may  be  w-  j 
eepted  for  that  ago  and  sex,  vis. :  4.85  parts  of  carbonic  acia  in  lOl  ] 
porta  of  expired  air ;  or  deducting  the  small  cjuantity  of  eartwiil  I 
acid  contained  in  the  air  when  inspired,  we  may  conclude  tlitt  i^ 
parts  per  cent,  by  volume  of  that  gas  are  derived  from  ibt  imp 
each  ordinary  jerpiration.     Taking,  as  b  '     ~  ' 
volume  of  each  expiration,  the  actual  i 
each  Till  be  1.29  cubic  inches^  about  28 
about  1,393  cubic  inches  per  honri=aboBt  27,864  cafes  fnnhr." 
16.1  cubic  feet  per  day.     In  this  last  quantity  of  oariioaia  Mi 
there  are  about  seven  and  a  half  ounces  by  weight  of  oariraa. 

A  great  variety  of  circumstances  no  donbt  modify  -the  aUntf 
with  which  carbonic  acid  is  formed  in  the  system,  and  diMMM 


from  it ;  some  of  these  are  very  worthy  of  notice, 
been  observed  to  be  attended  with  an  increased  exhalatioi  of  it  ii 
many  of  the  lower  animals ;  and  Scharling,  Valentin,  and  '¥!■■'' 
have  recently  noted  the  same  fact  with  great  aceoracy  in  Mu.  Ih^ 
one  hoar  after  a  midday  meal,  Vierordt  fonnd  that  his  pubs  *■ 
quickened  by  15,  his  respiration  by  1,  the  volume  of  the  expin'^ 
was  slightly  increased,  nearly  50  per  cent,  more  of  air,  and  ^cA 
inches  more  of  carbonic  acid  were  expired  in  one  minnte,  sad  Al 
percentage  of  carbonic  acid  in  the  expired  air  v^s  aim  aiigsiioH^ 
in  a  very  trifling  degree.     K  the  meal  were  omitted,  theao  m^ 
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lid  not  occur.     On  the  other  hand,  foMting^  especiallj  if  prolonged, 
liminishes  the  exhalation. 

Particular  substances  taken  into  the  blood  exert  a  very  remarkable 
nfluence  upon  the  deyelopment  of  carbonic  acid  in  the  system.  Dr. 
Pkont  long  since  observed  a  considerable  diminution  under  alcohol, 
Mnticularl  J  if  taken  on  an  empty  stomach ;  and  his  conclusions  have 
leen  fully  confirmed  by  Vierordt  and  Becker.  The  former  found 
hmX^  having  taken  more  than  half  a  bottle  of  wine,  the  carbonic  acid 
Ul  in  a  quarter  of  an  hour  from  4.54  to  4.01  per  cent,  of  the  ex- 
lired  air;  t.  «.,  by  about  one-ninth  of  its  whole  quantity ;  and  this 
iMted  for  two  hours.  In  addition  to  this,  the  latter  author  found 
list,  under  the  same  influence,  the  whole  constituents  of  the  urine 
IM  diminished  in  amount.  Dr.  Prout  states  that  a  dose  of  strong  tea 
IQcewise  lessens  the  exhalation  of  carbonic  acid. 

Since  the  introduction  of  ether  and  chloroform  as  ansesthetics  in 
Ihe  practice  of  surgery,  their  mode  of  action  has  been  much  invea- 
ligated,  and  by  no  one  more  extensively  or  more  accurately  than  by 
Dr.  Snow,  who  has,  among  other  matters,  turned  his  attention  to  the 
imonnt  of  carbonic  acid  gas  passing  from  the  lungs  under  their  use. 
A.  small  animal  being  placed  in  a  jar,  in  which  the  air  could  be  eir- 
Bolated  in  connection  with  a  receptacle  containing  solution  of  potash, 
br  absorbing  the  carbonic  acid,  the  quantity  of  this  gas  expired 
inring  periods  of  half  an  hour  was  estimated,  when  the  animal 
breathed  firstly  air,  and  afterwards  air  mixed  with  certain  quantities 
nf  the  vapour  of  chloroform.  The  results  were  such  as  the  foUow- 
iag :  A  dog,  eight  pounds  in  weight,  exhaled  in  air  10.1  grains  of 
Birbonic  acid  gas ;  in  air  minelcd  with  36  grains  of  chloroform  va- 
pour, only  4.8  grains.  A  half-grown  cat  expired  in  air  5.7  grains 
if  carbonic  acid  gas ;  in  air  mingled  with  20  grains  of  chloroform 
mpour,  only  2.0  grains.  And  this  diminution  was  observed,  on  this 
md  other  occasions,  to  be  in  spite  of  increased  muscular  eflbrts  on 
die  first  introduction  of  the  chloroform,  such  as  are  known  to  have 
i  tendency  to  augment  the  excretion  of  carbonic  acid. 

JExereise  increases  the  exhalation  of  carbonic  acid,  and  doubtless 
ibo  the  formation  of  it  in  the  tissues.  Mr.  Newport  observed  that 
die  generation  of  carbonic  acid  from  bees,  when  at  rest,  did  not 
ezeeed  that  from  cold-blooded  animals;  but  when  in  active  movement, 
it  was  more  energetic  than  in  any  other  animals ;  and  other  experi- 
Benters  have  produced  analogous  results.  With  more  precision,  and 
■  the  case  of  the  human  adult,  Vierordt  shows  that,  during  mode- 
Mite  exercise,  there  is  an  average  increase  per  minute  of  19  cubic 
inchefl  in  the  expired  air,  and  of  1  cubic  inch  in  the  expired  carbonic 

The  temperature  of  the  eurrounding  medium  was  shown  by  Segdn 
nd  Lavoisier  to  have  an  important  influence  on  the  exhalation  of 
wrbonic  acid,  and  their  results  were  corroborated  by  those  of  Craw- 
fard.  Vierordt  has  recently  examined  this  point  also.  In  numeroiie 
Kperiments  upon  himself,  at  temperatures  of  which  the  average  was 
17^  Fahrenheit,  he  expired  18.25  cubic  inches  of  carbonic  acid  per 
47 
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rbonic  acid  in  the  expired  air  is  less.  Thus  the  percentage  of 
m  gas  hears  a  certain  proportion  to  the  frequency  of  the  respira- 
mBj  supposing  their  bulk  to  remain  the  same. 
Xf  the  respiratory  movements  are  suspended  for  a  short  time,  the 
rmntage  of  carbonic  acid  in  the  expired  air  becomes  increased. 
M  total  quantity  expired  is,  on  the  other  hand,  somewhat  dimi- 
ihed ;  showing  that  this  increased  percentage,  in  a  given  quantity 
•ir,  does  not  compensate  for  the  smaller  proportion  of  air  entering 
a  lungs  under  these  circumstances. 

^Uen  and  Pepys  found,  that  when  the  same  air  was  breathed 
ore  than  once,  the  proportion  of  carbonic  acid  underwent  a  con- 
Imble  increase.  Air  breathed  nine  or  ten  times,  contained  9.6 
NT  cent,  of  carbonic  acid ;  but  if  the  air  was  breathed  over  again 
I  often  as  possible,  the  percentage  of  this  gas  could  not  be  in« 
■wed  above  10.  Mr.  Coathupe  obtained  as  much  as  12.75  per 
pt.  of  carbonic  acid  from  air  in  which  animals  had  been  placed 
itfl  they  were  suffocated. 

The  percentage  of  carbonic  acid  varies  also  at  different  periods  of 
ne  daring  the  same  respiration.  By  taking  the  averages  of  twenty- 
le  experiments,  Yierordt  found,  that  while  the  proportion  of  car- 
HMO  acid  in  the  entire  expiration  amounted  to  4.48  per  cent.,  the 
pi  half  contained  8.72,  and  the  last  half  5.44  per  cent.  It  has 
len  estimated,  that  the  air  from  the  air-cells  contains  as  much  as 
i88  per  cent,  of  carbonic  acid,  or  about  1.3  per  cent,  more  than 
M  air  of  an  ordinary  expiration. 

Amount  of  Oxygen  Inhaled. — The  quantity  of  oxygen  introduced 
kto  the  system  in  respiration,  is  always  greater  than  is  required  to 
inn  the  amount  of  carbonic  acid  eliminated  during  this  process. 
hie  surplus  quantity  no  doubt  is  employed  in  oxidizing  other  sub- 
Muiees  in  the  organism  besides  the  carbon ;  such,  for  instance,  as 
dphur  and  phosphorus,  which  are  eliminated  in  the  urine  in  the 
ma  of  sulphuric  and  phosphoric  acids.  Valentin  and  Brunner 
mod  that  the  proportions  of  these  gases  approximated  very  closely 
I  their  diffusive  volumes ;  for  the  quantities  obtained  by  direct  ex- 
imment,  and  by  calculation,  differed  very  slightly.  Oxygen  being 
^  lighter  gas,  a  larger  quantity  is  required  to  replace  the  carbonic 
Oftd ;  81  parts  of  the  latter  will  require  95  of  the  former  to  replace 
ir.eeoording  to  Graham's  law,  that  the  diffusion  volume  of  different 
^#ee  varies  inversely  as  the  square  root  of  the  density,  or  about  one 
rifune  of  absorbed  oxygen  corresponds  to  .85  of  exhaled  carbonic 
pid.  The  experiments  of  Dulong  and  Despretz,  as  well  as  those  of 
Icgnault  and  Reiset,  have,  however,  shown  that  this  relation  is  by 
o  means  constant. 

.  From  the  above  considerations,  it  is  evident  that  the  respiratory 
hengee  cannot  be  efficiently  carried  on,  unless  a  certain  proportion 
C  eir  be  assigned  to  each  individual  living  in  a  confined  space.  For 
F.  the  cubic  capacity  of  the  apartment  be  below  a  certain  standard, 
^  air  becomes  so  contaminated  by  the  increased  quantity  of  car- 
lOoic  add  expired,  as  to  produce  a  highly  deleterious  effect  upon  the 
leeltL 
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Probably  between  four  and  five  hundred  cubic  feet  of  >if  mI 
tbrough  the  lungs  daily,  and  in  the  same  period,  about  twenij-tMfl 
cubic  feet  of  oxygen  gns  are  absorbed.  The  size  of  an  aputaa^H 
therefore,  in  nbicb  persons  are  conGned  should  bo  euch,  and  it**(i^l 
latioa  should  be  so  arranged,  that  each  individual  may  bi  MffMB 
with  the  above  quantity  of  pare  air  as  a  mintmam.  Tbo  <4l>l 
capacity  of  such  rooms  should  not  be  less  than  ^00  oabiefMlftl 
each  person  inhabiting  them.  Leblanc  found,  that  in  tbc  CbidhU 
of  Deputies  in  Paris,  each  individual  was  supplied  with  only  EromlvV 
to  706  cubic  feet  of  air  per  hour ;  and  in  the  air  issuing  from  d(  I 
apartment,  he  found  from  2  to  4  of  carbonic  acid  in  lOOOBMafrl 
weight.  This  proportion  of  fresh  air  was  probably  too  I^^^^H 
it  has  been  found  that  1  per  cent,  of  carbonic  acid  prod^^^^^^ 
teriouB  effect  upon  the  system  when  breathed  for  a  ''^'J^^^^^l 
linuously.  In  the  Model  Prison,  Pentonville,  from  '"^^^^^1 
cubic  feet  of  fresh  air  pass  into  each  cell  per  hour.  In  t^Bl^^^^^l 
number  of  patients  in  each  ward  should  be  bo  arranged,  ^I^^^^H 
than  from  800  to  1000  cubic  feet  should  bo  assigned  toMBV^ 
the  new  King's  College  Hospital,  each  paticat  has  from  ISit'l^ 
2500  cubic  feet  of  air.  I 

Dr.  Snow  has  shown  that  the  bad  effects  of  air  deterifiratci  It  I 
respiration,  are  due  not  only  to  the  increased  quantity  of  cnbdll 
acid  which  it  contains,  but  also  to  the  diminution  of  its  oiJil^l 
From  bis  experiments  upon  animals  he  has  been  led  tu  oooelMfl 
"  that  5  or  6  per  cent,  by  volume  of  carbonic  acid  canB<||gBa| 
the  air  without  danger  to  life,  and  that  less  than  half  ^9^^^^| 
will  soon  be  fatal,  when  it  is  formed  at  the  expense  of  4^^^^| 
of  the  ^^^^^1 

Exhalation  of  Nitrogen. — MM.  Regnault  and  Reieet^^^^^H 
tLat  an  extremely  small  quantity  of  nitrogen  is  constaDD^^^^^f 
its  proportion  varying  according  to  tbe  nature  of  the  ftiB^^^^H 
prolonged  fasting,  this  gas,  however,  appears  to  be  absorbfianB^H 
of  being  exhaled.  Barral  found  that  the  quantity  of  nitngtBH^ 
baled  from  the  lungs  of  man,  was  about  ^^gth  of  the  amount  of  (#1 
bonic  acid  removed  in  the  same  time.  It  niu^t  al)io  be  obserTC<l,lM  I 
ft  very  small  proportion  of  uitrugea  is  oonstaatly  being  aqMit 
tbe  form  of  ammonia. 

Changei  in  ths  Blood  retuJtit^  from  JtetpiraUon, — Daric  iMM 
Mood  in  its  passage  through  the  capillary  vessels  of  the  IuusmmM 
the  bri^t  red  colour  oharacteristio  of  arterid  blood.  Thn  thvA 
»8  is  well  known,  depends  upon  the  removal  of  oarbonie  add  gH^ 
tbe  absorptaon  of  oxygen.  tlagDUB  showed  that  TeBont  blool  ■» 
tuned  25  per  cent,  of  its  vokme  of  carbosio  aoid,  and  fi  pw  <Ht  i 
oxygen;  and  that  arterial  blood,  on  tbe  other  hand,  iiiMlihil  ri 
mnoh  as  10  per  cent,  of  its  volnme  of  oxygen,  and  onlj  SS  pv  €tf 
of  corbonio  acid.  The  seat  of  this  change  is  olearlj  in  tbe  i«l  UmI 
oorpuades ;  but  ita  preoiee  nature  has  not  ^et  bean  atiAttaiSfi^ 
termined.  It  has  been  ascribed  to  a  ohemioal  change  taldig  (IMI 
in  the  coloured  oonstitnent  of  tbe  blood  gbbole  (page  OM^  tat  MV 
rasearchea  render  it  probable  that  it  is,  at  least  in  aome  lauiawt'*'    I 
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m  ft  pbyBical  alteration.  Henle  was  the  first  observer  who  referred 
^  change  of  colour  in  the  blood  corpuscle  to  a  change  in  its  form. 
■  Seherer  states  that  the  blood  corpuscles  of  venous  blood  are  nearly 
^herical,  and  their  walls  thin  and  transparent,  a  condition  which 
Hinnfin  them  to  transmit  light  freely.  On  the  other  hand,  the  cor- 
IliBeles  of  arterial  blood  are  bi-concave,  their  walls  thicker,  and  they 
jpAaet  light  more  readily,  which  is  considered  to  account  for  the 
HT^ghter  colour  of  arterial  blood.  Harless  has  even  been  able  to 
IHeMtiire  the  difference  in  size  between  the  blood  corpuscles  of  arterial 
iid  Tenoos  blood  of  the  frog. 

\^  Magnus  proved  that  serum  would  dissolve  twice  as  much  carbonic 
fIfSd  as  an  equal  quantity  of  pure  water,  a  power  which  Liebig  attri* 
Hrted  to  the  amount  of  phosphate  of  soda  contained  in  blood  serum. 
'.  Of  the  gases  existing  in  the  blood,  a  very  small  proportion  only 
lii^in  chemical  combination  with  any  of  the  constituents  of  that  fluid, 
jijlt  the  greater  quantity  is  held  in  solution  in  a  free  and  uncombined 
ilftle.  This  is  readily  proved  by  passing  a  current  of  hydrogen  gas 
|(hrongh  some  defibrinated  blood  placed  in  a  bottle  to  which  tubes  are 
Mbpted.  The  hydrogen  takes  the  place  of  the  gas  previously  held 
[m  solution  and  the  latter  escape ;  and  by  causing  them  to  pass 
^iroogh  lime-water,  evidence  of  the  presence  of  much  carbonic  acid 
m  Kt  once  obtained  by  the  formation  of  a  precipitate  of  carbonate  of 
Bme.  If  the  carbonic  acid  had  existed  in  a  state  of  chemical  com- 
hination,  we  should  not  have  been  able  to  obtain  evidence  of  its  pre- 
iHioe  by  this  process.  Besides  much  carbonic  acid,  oxygen,  and  a 
tttde  nitrogen,  are  held  in  solution  in  blood. 

With  reference  to  the  oxygen,  it  cannot  be  doubted  that  part  is  in 
phcmical  combination  with  the  constituents  of  the  blood  corpuscle, 
wmA  purt  in  a  state  of  simple  solution. 

The  chief  agents  in  effecting  the  absorption  of  gases  in  the  blood 
are  undoubtedly  the  blood  corpuscles,  for  it  has  been  clearly  proved 
Iht  Davy  and  others,  that  defibrinated  blood  possesses  the  power  of 
■MOrbing  gases  in  a  greater  degree  than  blood  serum.  Magnus  found 
|iuU  blood  was  capable  of  absorbiug  1^  times  its  volume  of  carbonic 
Midgaa. 

From  the  researches  of  Professor  Lehmann  upon  the  crystallizable 
eoBtents  of  the  blood  corpuscle,  originally  discovered  by  Otto  Funke, 
IM  are  led  to  conclude  that  the  colouring  matter  of  the  blood  is 
flbemically  affected  by  oxygen  and  carbonic  acid  gases. 
,  Lehmann  has  shown,  that  if  oxygen  is  allowed  to  pass  through  de- 
Birinated  blood  slowly  for  fifteen  minutes,  and  is  followed  by  the 
Itmnamission  of  a  current  of  carbonic  acid  for  five  minutes  under  the 
Influence  of  light,  these  crystals  are  formed  in  larger  quantity,  and 
pore  rapidly,  than  if  the  carbonic  acid  is  passed  through  the  blood 
Ibeti.  These  crystals  are  composed  of  a  definite  chemical  compound; 
eild  there  can  be  little  doubt  that  the  influences  which  the  gases  ex- 
ert upon  its  crystalliziug  properties  are  of  a  chemical  nature.'*' 

*  *  For  Bmeh  interesting  matter  upon  the  subject  of  blood-crystftllization,  the  reader 
1^  lefarfed  to  Lehmann's  Phytiological  Chemklry,  1858,  translated  by  Dr.  Daj, 
CbfiBdiah  Sodetj,  toL  iii. 
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It  waa  fonnerly  supposed  ttat  the  oxygen  of  the  bit 
v'lih  the  carbon  of  the  venous  blood  in  the  pnlmonary 
ind  that  the  carbonic  acid  eliminated  from  the  syatem  m 
»t  the  pulmonary  surface ;  but  later  researchea  have  shown 
gaa  exists  preformed  in  the  blood,  and  is  therefore  only  exbtlti' 
the  flaid  contained  in  the  vessels  of  the  lungs,  a  view  which  wi 
advocated  by  Lagrange  and  Hassenfratz  in  1791.  It  h&s  b*« 
that  animals  will  give  op  carbonic  acid  when  placet)  in  aimiU) 
which  do  not  contain  any  oxygen,  afact  which  could  not  heacco 
for  upon  the  supposition  that  this  gas  was  formed  bj  the  combniiWi 
taking  place  in  the  pulmonary  organ.  Again,  the  presence  of  bM 
free  oxygen  and  carbonic  acid  can  be  proved  in  the  arterial  4 
venous  blood.  Moreover,  blood  may  be  caused  to  absorb,  or  to  ^ 
up,  these  gases  after  it  has  been  removed  from  the  body. 

All  the  tissues  of  the  body  contain  a  small  quantity  of 
gases;  and  carbonic  acid  can  be  detected  in  ali  the  auiml 
even  in  the  urine. 

Frogs'  muscles,  carefully  deprived  of  nerves  and  vesMb,  wiflM 
out  carbonic  acid  if  placed  in  an  atmosphere  of  oxygen  gu,  ut' 
has  been  shown  by  6.  Liebig,  that  the  muscles  continue  to  libn 
oxygen,  and  to  exhale  carbonic  acid,  as  long  as  their  power  of  ad 
tractility  lasts,  and  that  they  retain  their  contractile  poVtr  6rl 
much  longer  period  in  an  atmosphere  of  oxygen  gas  thu  in  Ml 
hydrogen,  nitrogen,  etc.     The  careful  observations  of  Lohatann 

the  respiration  of  insects  (in  which  class  the  air  is  direolly  ts 

to  the  elements  of  the  tissues  liy  the  trachea;),  tend  still  fartbffll 
prove  the  truth  of  this  view.  We  may  therefore  conclude,  tliBtAlt 
oxygen  of  the  air  is  carried  by  the  blood  to  the  ultimate  eltnmlltf 
the  tissues,  and  that  here  chemical  combination  takes  plaoeud 
bonic  acid  is  produced ;  the  carbonic  acid  being  then  traoHP^*" 
the  lungs  in  solution  in  the  venous  blood,  and  there  exhaled. 

Quanliiy  of  Carbon  removed  from  the  Body. — The  eelim 

the  amount  of  carbon  eliminated  from  the  orgsntsm  id  a  ^tn , 

is  a  matter  of  great  difficulty,  and  the  results  of  the  experifHrtO* 
observer:^  present  wide  differences.  Allen  and  Pepys  calculatvd  dl 
daily  quantity  at  rather  more  than  11  oi.  troy,  whil«  Ifr.  OHAip* 
estimated  it  at  only  4.97  ounces,  and  Scharling  kt  7.8^  OMML 

The  method  employed  by  Liebig  consisted  in  snbtmotitig  At  M^ 
quantity  of  carbon  in  the  feces  and  urine  from  that  pntNtalkl 
food ;  the  remainder  repreaented  the  qnantity  excreted  in  Ae  tnrik 
in  the  form  of  oarbonio  acid.  From  these  d»t»,  Liebig  fldnhW 
that  an  adult  male,  taking  moderate  ezeroiae,  loHS  lO  onW* 


carbon  daily  from  the  Innga  and  skin.  In  order  to  oonTWt  tUslMI> 
quantity  of  carbon  into  carbonic  acid,  87  ounces  of  onMi  ■■!* 
sbBorbed  during  the  same  period  by  the  InngB  and  um ;  Wtffe 


quantity  of  carbon  into  carbonic  acid,  87  ounces  of  c 
sbBorbed  during  the  same  period  by  the  InngB  and  _ 
OBtimate  is  doubtless  too  high.  Andrsl  and  G»Tarret 
«»rbon  at  nine  onnoes. 

According  to  the  recent  accurate  iareBtigatiooi  of  StAariilft  ■ 
powerful  adult  man  exhales  in  the  coarse  of  twen^-fimr  Itom  aWt 
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I0*6  01.  of  carbonic  acid,  which  corresponds  to  8.84  os.  of  carbon, 
\md  this  we  may  look  npon  as  a  correct  estimate. 

Some  very  accurate  experiments  upon  this  subject  haye  been  made 
IT  M.  Barral  upon  himself  during  summer  and  winter.  The  great 
iflbrence  noticed  in  the  quantity  of  carbon  exhaled  at  different 
Miods  of  the  year  may,  to  some  extent,  explain  the  discrepancies 
m  the  results  of  various  observers — 

»  Ohvob  csckML 


Wtlgbtofbodj.    Otfbon  In  tiod.     Inftoei.  InnriiM. 

Ibi.  gn.  gn.  gn. 

bBnuier 104.6  6664.1  286.2  2S4.6  6188.8 

iR  Winter <*  4090.0  187.4  211.6  874L1 

• 

UN>nt  10.8  oz.  troy  of  carbon,  therefore,  passed  off  dafly  in  the  form 
if  carbonic  acid  in  winter,  and  7.8  oz.  in  summer.  Ijie  amount  of 
iaarl>on  eliminated  by  respiration  will  also  be  influenced  by  the 

E entity  and  nature  of  the  food,  and  by  other  circumstances,  which 
ve  been  previously  adverted  to. 

Theory  of  Respiration. — By  the  interchange  of  gases  in  the  lungs, 
fee  Tenons  blood  becomes  of  the  bright  scarlet  colour  characteristic 
bC  arterial  blood.  The  oxygen  and  carbonic  acid  both  permeate  the 
ielicate,  moist,  limitary  membrane  of  the  air-cells  at  the  same  time, 
\mlL  in  opposite  directions. 

-  The  oxygen,  having  passed  through  the  capillary  walls,  is  held  in 
irikttion  in  the  blood ;  a  small  part  entering  into  chemical  combina- 
tion with  the  contents  of  the  blood  corpuscle,  and  to  a  less  degree 
vith  some  of  the  constituents  of  the  serum. 

A  portion  of  the  oxygen  not  improbably  acts  directly  upon  certain 
ices  contained  in  the  circulating  blood,  and  contributes  to  the 
nation  of  carbonic  acid.  In  this  way  some  of  the  elements  of  the 
bod  lately  introduced  into  the  blood  may  become  decomposed,  and 
llieir  carbon  removed  in  the  form  of  carbonic  acid.  The  greater 
portion  of  the  oxygen  is  no  doubt  carried  to  the  capillaries,  and 
■ooh  of  it  then  leaving  the  blood,  and  passing  through  the  capillary 
mill,  becomes  dissolved  by  the  intercellular  fluid,  in  obedience  to 
Ae  same  physical  laws  by  which  it  was  absorbed.  At  the  same 
tiaie,  the  carbonic  acid  formed  in  the  interstices  of  the  tissues,  and 
ftaoolved  by  the  fluid  which  moistens  their  ultimate  elements,  leaves 
Aio  latter  to  enter  the  blood,  from  which  the  oxygen  has  just  been 
ronored,  and  causes  it  to  assume  the  colour  of  venous  blood. 

Here,  then,  are  two  sources  of  carbonic  acid — one  resulting  from 
Um  action  of  the  oxygen  upon  certain  elements  recently  introduced 
in  the  food,  giving  rise  to  the  production  of  a  certain  amount  of 
onimal  heat,  and  the  other  depending  upon  the  union  of  the  oxygen 
With  the  carbon  of  those  substances  which  are  produced  in  the  disin* 
tagration  of  tissues  during  the  performance  of  their  functions ;  in 
lihis  combination  also,  heat  is  developed. 

In  purely  carnivorous  animals,  the  greater  portion  of  the  carbonic 
neid  results  from  the  disintegration  of  the  muscular  and  nervous  tis- 
ioea ;  while,  in  the  herbivora,  much  of  the  food,  rich  in  carbon  and 
poor  in  nitrogeni  is  at  once  converted  into  carbonic  acid. 
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AlthoQgli  tbo  action  of  the  oxygen  upon  the  carbon  of  tli«  « 
ponnds,  from  which  tho  carbonic  acid  is  formed,  is  »  strictlj dun 
proceBB,  the  application  of  this  oxygen  to  the  Bubstsnce  to  )»i^ 
coOiposed,  and  the  removal  of  the  resulting  carbonic  aci^  b« 
dependent  solely  upon  the  physical  relations  which  these  gtuci  W 
to  each  other,  to  the  membrane  through  vhicb  they  pass,  and  to  ^ 
fluids  in  which  they  are  dissolved. 

The  blood,  loaded  with  carbonic  acid,  at  IcDgth  retnms  to  tix 
respiratory  surface,  where  it  parts  with  this  gas  and  absorbs  oijfn 
in  obedience  to  the  physical  laws  above  referred  to. 

More  oxygen  is  usually  absorbed  than  is  necessary  to  oonrertsbf 
carbon  into  carbonic  acid.  This  is  required  for  the  oiid»tion  i>f 
other  elements,  as  sulphur  and  pboephorua,  by  which  compoaodi  m 
produced  which  are  eliminated  by  other  emunctories. 

The  amountof  oxygen  inhaled  will  depend  in  great  measure ajwt 
the  quantity  and  nature  of  the  food,  and  upon  the  activity  of  lb 
vital  functions,  and  is  intimately  associated  with  the  prodoctKD  ti 
animal  heat,  as  will  appear  in  the  next  chapter. 

It  has  been  shown  that  the  activity  of  the  respiratory  fonctiui  ii 
materially  influenced  by  various  external  and  internal  conditiou. 
Temperature,  a  dry  or  moist  state  of  the  atmosphere,  the  period  o( 
the  day,  the  digestive  process,  rest,  exercise,  etc..  all  exert  an  inh- 
ence  on  the  amount  of  oxygen  inhaled  and  of  carbonic  acid  exbali^ 
These  are  points  which  must  be  borne  in  mind  by  the  careful  fT» 
titioner  in  the  treatment  of  such  diseases  as  phthisis,  pnenoiobis 
emphysema,  and  the  like. 

Respiration  is,  therefore,  partly  a  physical  and  partly  a  chcinial 
process ;  chemical  as  far  as  regards  the  results  ;  physical,  «>lb 
reference  to  the  means  by  which  these  results  are  produced.  IV 
introduction  of  the  restorative  oxygen,  and  the  removal  of  iW 
deleterious  carbonic  acid,  are  effected  solely  by  a  physical  proeMl 
vhile  the  formation  of  the  carbonic  acid  is  essentially  a  chwJwij 
process,  and  in  its  production  many  complicated  chetnical  dcvsafS| 
wtions  take  place. 

The  fn-eat  objects  of  respiration  are,  first,  the  introdnotiM  if 
oxygen,  Dy  which  the  products  resulting  from  the  duintentia  d 
tisenes  are  converted  into  compounds,  which  «r0  eanl^  nJimiiiti^ 
from  the  body  by  the  different  organs  of  seoretion ;  and,  naoopdly,  tks 
removal  of  the  most  important  and  most  doetmotire  of  riwn,  nr- 
boDiG  acid,  at  the  pulmonary  surface. 

CpoD  the  Butjeota  diwDSBcd  In  tiie  pr««eiit  ehftpt«T,  laftreiwa  taaj  b«  ■•Ji  ti  A* 
fbllowing  works;  Article  " Rcaptration,"  by  Dr.  Joho  Raid,  CjolopaAa  ttlaima 
ud  Fh;riolagr;  "Tbani,"  bj  Dr.  HuteUiiKni;    FbjMlogie^,  AaaUHM  ■■ 


FoDmon.     RoHignoI,  Bnuelles,   1818.     The  following  ijatL 

Ph/rioloe; :  Boatook'a  SjtUan  of  PhTslologj;  Prind^aa  of  Hmnaa  Pbyrialonlr 
Dr.  Cupenter. 

On  Of  JfMAantm  qf  BetpirathH.~Tit.  Sibaon,  PhU.   Trana.,  184S;   lfaii-4lfe 
TrftDi.,  Tol.  xzzi. ;  Dr.  Hatohinaon,  Hed.-Chir.  Tnna.,  voL  xkU. 


On  the  Chtmiitry  of  ficipp-neum.— M.  Barral,  Ann.  de  Chin,  at  Fbjs.,  Um.  mt 
HMan.  Regnaalt  aod  Reiaat,  AntiKiM  de  Chimle  at  d*  PhnlqiM,  IHSt  Oai«M 
BandQB,  1846 ;  Lahmun'a  Phj^ologiaal  Cli«iitBtr7,  baiMUtwl  t?  Or.  Biv.OmH 
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.CHAPTER  XXX. 

m  animal  hbat. — devblopmbnt  of  hbat  in  plants. — devblop- 
ment  of  hbat  in  animals. — temperature  of  the  human  body, 
influsnce  of  exercise,  sleep,  age,  climate  and  seasons,  food 
and  disease  upon  the  development  of  heat. — hibernation. — 
theort  of  animal  hbat. — influence  of  the  nervous  system. 
Bernard's  researches. 

The  chemical  changes  which  are  continually  taking  place  in  ani- 
baIb,  and,  at  least  nnaer  some  circnmstances,  in  plants,  are  accom- 
panied with  the  development  of  a  certain  amoant  of  heat.  The 
devation  of  temperature  maj  be  so  slight  as  to  elude  the  ordinary 
laeans  of  observation ;  and  although  the  sensible  temperature  of  the 
organized  body  is  very  slightly  higher  than  that  of  the  medium  in 
irhich  it  is  placed,  the  quantity  of  heat  set  free  in  a  given  time  may 
be  eonsiderable.  This  development  of  heat  seems  to  result  from  the 
•etion  of  the  oi^ygen  upon  the  combustible  elements  of  the  food,  and 
in  a  less  degree  upon  those  of  the  tissues.  The  chemical  combination 
b  which  the  largest  amount  of  heat  is  disengaged  in  the  higher 
Niimals,  and  upon  which  their  high  temperature  seems  to  depend, 
m  that  of  carbon  and  oxygen,  resulting  in  the  production  of  caroonic 
leid. 

Whenever  oxygen  combines  with  carbon,  hydrogen,  phosphorus, 
nlphur,  etc.,  or  with  a  metal,  heat  is  developed  in  an  amount  ex- 
leUy  proportioned  to  the  quantity  of  substance  consumed.  The 
Mnsible  temperature  produced  varies,  however,  with  the  intensity 
ud  rapidity  of  the  chemical  action.  When  the  action  is  intense, 
the  temperature  rises  very  rapidly,  and  may  reach  a  very  high  degree 
Ebr  a  short  time.  If,  on  the  other  hand,  the  action  is  slow,  the 
temperature  may  be  scarcely  elevated  above  that  of  the  surrounding 
Medium ;  but  this  slight  elevation  may  continue  for  a  considerable 
tune.  The  quantity  of  heat  developed  in  the  two  cases,  however,  is 
precisely  the  same. 

Development  of  Seat  in  P2ante.«-Heat  is  developed  by  the  seeds 
Bf  plants  during  germination ;  and  at  the  same  time  oxygen  is 
removed  from  the  air,  and  carbonic  acid  evolved.  Buds,  flowers,  and 
ripening  fruits  also  evolve  a  certain  quantitv  of  heat. 

M.  Hubert,  in  the  Isle  of  France,  encircled  a  thermometer  with 
twelve  spikes  of  the  arum  cordifolium^  and  found  it  rise  to  121^  F., 
die  temperature  of  the  external  air  being  66^.  During  the  process 
sf  flowering,  the  spathe  of  the  arum  maeulatum  consumed  in  24 
lurars  flve  times  its  volume  of  oxygen  derived  from  the  surrounding 
atmosphere,  the  termination  of  the  spadix  80  times,  and  the  sexual 
apparatus  132  times  its  volume,  in  the  same  period.  In  these  ex- 
periments it  was  found,  that  if  the  plant  was  protected  from  the 
mflnence  of  the  surrounding  air,  the  development  of  heat  ceased. 
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In  the  genninatioa  of  seeds,  the  starch  is  converted  into 
dcKtrine,  and  ultimately  into  sugar.  The  sugar  then  di 
while  oxygen  is  absorbed  from  the  air,  and  carbonic  acid 
The  temperature  at  the  same  time  rises. 

In  these  examples,  the  disappearance  of  the  starch  and  sacchanv 
matters  from  the  plant,  the  absorption  of  oxygen,  the  forraaiiot  of 
.carbonic  acid,  and  the  development  of  heat  are  all  manifeaily  cm- 
Bected.  A  corresponding  series  of  phenomena  attends  the  deVilop- 
ment  of  heat  in  animals. 

Development  of  ffeatin  Animah. — It  is  to  be  observed  in  tLeEni 
place,  that  as  all  animals  give  out  carbonic  acid  in  their  respirtbMi, 
BO  all  develop  heat,  whether  they  are  called  cold-btooditd  Infblti 
and  ull  below  them),  or  warm-blooded  (mammalia  and  birds).  Tbt 
cold-blooded  animals  are  those  which  develop  so  little  heat,  farmiBd 
give  out  so  little  carbonic  acid,  that  they  are  unable  to  maint^  i 
temperature  much  removed  from  that  of  the  medium  in  which  lifj 
live;  and  their  circulatory  and  breathing  organs  are  entirely  awwii' 
ant  with  this  feeble  calorifacient  power.  Dr.  John  Davy,  wholm 
made  a  number  of  valuable  and  exact  observations  on  this  sabjtet, 
found  that  when  the  average  temperature  around  was  79,7*  F-,  ibl 
of  reptiles  was  only  82°,  and  that  of  fishes  nearly  the  sane.  U 
the  case  of  insects,  Crustacea,  and  mollusca,  there  is  even  a  cloter 
correspondence  with  the  temperature  of  the  circumambient  mediiin. 
Insects,  however,  especially  when  housed  in  communities,  to  tbu 
their  heat  is  not  rapidly  dissipated,  have  shown  arise  of  2"°?.^ 
above  the  outward  air — provided  ihey  were  in  a  slate  of  nrtrit_ 
novfltnent.  On  thia  point,  t&e  obserrationt'  of  Ifr.  Ifwrpartiw 
nrj  T»1aabl«.  On  tfa*  other  hand,  irann-blood«d  rniwli  (IMl'tfl 
mammalia]  are  tbom  in  which  nutrition  with  sIl'iM  ■tttadMlMi*' 
aorj  ftinetions,  aaum^ation,  drmlatioti,  rM^Afioa,tt*  hMI^ 
food  and  of  oxygen,  the  formation  and  diwnghg«nellt  tt-mmtt 
aad  are  moat  aetive  and  energetia.  Then  haTto  %  BHl^irffen 
temperature  vitfain  the  limits  of  96°  and  111"  F.,  tha  aaMMli 
having  the  lower  and  birds  the  higher,  in  striet  aoeordanm  wiA  A* 
above-mentioned  circumstances.  A  bird,  for  ita  weight,  oobi—m 
much  more  ozvgen,  and  sets  free  much  more  earbonia  add,  wUkit 
maintains  in  the  same  medium  a  higher  trmp  niiHiiiu  thaiia  misbmI 
Finally,  some  degree  of  warmth  is  evolved  by  the  egg  in  ita  iefA- 
opment  during  inenhation.  In  this  process,  oxygen  ii  abaoik^ 
and  carbonio  acid  exhaled  through  the  caleareona  enTelope. 

The  amount  of  heat  developed  in  the  animal  ornniam  depnk 
very  much  upon  the  nature  and  quantity  of  the  food.  The  enki 
of  the  food  in  ita  slowly  effected  union  with  oxvgen  irithta  the  erpa- 
ism,  gives  out  probably  ae  much  heat  as  if  the  aama  qmoti^  «■• 
bornt  in  oxygen  gas.  The  development  of  animal  heat  wdl,  tkn- 
fore,  in  great  measure  depend  upon  the  actinty  of  the  f  ' 

respiration  and  circulation. 

The  ra-eater  part  of  the  oxygen  which  an  adalt  c 
twenty-four  hours,  instead  of  remaining  in  the  body,  tbanhj  ih 
creases  its  veight,  nnitea  with  carbon  and  hydrogen,  and  il  n        ' 
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e  form  of  carbonic  acid  and  water.  The  remainder  enters  into 
»ination  with  other  elements,  and  compounds  are  formed  which 
emoved  by  the  excreting  glands.  In  these  combinations  a  large 
tnt  of  heat  is  developed,  ranging  in  amoant  according  to  the 
itions  before  referred  to. 

'mperature  of  the  Buman  Body. — The  heat  of  the  interior  of 
^oay  at  those  parts  which  are  most  accessible  to  our  instruments 
sasurcment,  as,  for  instance  in  the  axilla,  within  the  mouth  or 
m,  is  found  to  be  about  97®  or  99°  F. ;  more  frequently  the 
r.  The  temperature  is,  however,  liable  to  variation  according 
rcumstances,  which  modify  the  amount  of  heat  generated  within 
»ody  or  the  rapidity  of  its  loss.  Independently  of  this,  however, 
;  differences  have  been  found  to  exist  in  the  temperature  of 
ent  parts,  according  to  the  rate  of  their  cooling,  their  vascu- 
^,  distance  from  the  centre  of  circulation,  etc.  A  good  idea  of 
nrill  be  derived  from  the  following  Table  of  Dr.  Edwards.  He 
lined  a  strong  man,  at  rest,  in  July,  the  air  being  at  71®  F., 
round 

Mouth  and  rectum 102^ 

Hands 99<>.6 

AxillsB  and  groin 99^ 

Cheeks 96^ 

Feet 96<» 

Skin  of  Epigastrium 95^ 

le  best  experiments  on  the  temperature  of  internal  parts,  are 
)  of  MM.  Becquerel  and  Breschet,  who  employed  a  thermo- 
rio  apparatus,  consisting  of  two  wires  of  different  metals, 
ired  together,  and  having  their  free  ends  brought  into  communi- 
n  with  an  excellent  thermo-electric  multiplier,  with  an  index  to 

lOths  of  a  degree.  The  wire,  passed  through  various  parts  of 
K>dy,  indicated  the  temperature  of  the  tissues  in  contact  with  the 
t  of  contact  of  the  two  metals.  Passing  this  1^  inch  into  the 
of  the  leg,  the  temperature  was  found  to  be  98^  F.,  while  at  a 
li  of  ^  inch  it  was  only  94^,  showing  the  cooling  from  the  sur- 
inwards.  The  superficial  fascia  over  the  biceps  was  nearly  8^ 
r  than  the  muscle  itself ;  on  compressing  the  brachial  artery,  so 

intercept  the  flow  of  blood,  the  temperature  immediately  fell 
*al  lOths  of  a  degree.  So  after  the  ligature  of  the  main  artery 
neurism,  the  temperature  is  well  known  to  fall,  and  to  require 
>  economized  with  increased  clothing.  Professor  Fiik  obtained 
bllowing  results  in  twelve  experiments  upon .  living  dogs.  No 
rence  in  the  temperature  was  observed  between  the  right  and 
ventricle  of  the  heart.  The  highest  degree  of  warmth  was 
ys  met  with  in  the  vagina  and  rectum  (101.75  to  105.79). 
I  exercise  is  attended  with  quickened  circulation,  more  active 
ration,  a  more  abundant  interchange  of  oxygen  and  carbonic 

so  it  occasions  an  augmentation  of  animal  temperature.  The 
Itions  are  more  copious — there  is  a  more  energetic  nutrition — 
piantity  of  food  required  is  greater,  and  we  all  know  how  much 
\  keen  our  appetites  are,  and  how  much  more  food  we  consume 
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t  b  employments  requiring  active  exerci»,  thu  b 
ipi^na.  MM.  Becquerel  and  Breschet  haveob«CTT«i, 
Aftt  tha  BDHUi  during  their  contraction  become  hotter  b;  2°  or  3* 
a ftot  wUeh  OM  bf  us  cun  attest  from  aa  experiment  on  thebieqi 
in  hil  om  ptnon^  made  bj  these  gentlemen  themselves. 

AhM  H  it  1>  attended  with  diminished  frequency  of  respiratin 
md  pilHt  sod  ft  Bnaller  evolution  of  carbonic  acid,  is  also  bbuU 
If  •dkhtUlflf  temperature,  vis.,  of  from  1*^  to  3°  F. 

^^  Eu  bom  ahowu  by  Dr.  Edwards  to  have  much  inflDenoeca 
tempantnre.  Old  persona,  and  very  young  ones,  are  alike  nDablew 
pnNrre  thdr  proper  warmth  without  external  aid,  and  liave  noltlie 
■ime  power  u  Roults  of  generating  heal.  For  example,  he  itmi 
that  Toons  oarnirorous  and  rodent  animals,  when  placed  in  an  atoo- 
§fii/tn  of  fiO*'  V.  ftpart  from  the  body  of  the  mother,  qtiickly  htamt 
•old,  tboogfa  vfaea  lying  near  her  they  continued  witliin  2°  or  3°  oj 
har  tanpanttarat  So,  young  sparrows  one  week  old  were  at  ^'  F. 
IB  Qm  Baat)  bat  irlien  removed  from  the  nest,  fell  in  one  honi  to 
66*  F.,  wfaoB  tha  external  air  was  at  62°  F. ;  and  he  showed  tbi 
tUl  reaalt  wai  Bot  to  be  attributed  to  their  un6edged  state. 

Toong  animalB,  therefore,  require  the  aid  of  external  wannth,  or 
St  laait  of  OTOTf  tbeans  of  retaining  their  own  warmth.  Th«  noa 
of  birdi  not  onfy  aerve  to  retain  the  warmth  of  the  parent  ivra^ 
manbttkis,  bat  alio  that  of  the  young  brood  during  their  l«Ddct 
aga>    91ta  homan  infant  stands  no  less  in  need  of  extraneous  wwmh 

and  it  maj  be  lafely  affirmed,  that  much  of  the  immense  murtalit; 
of  our  iofknt  population  is  owing  to  the  want  of  arti6cial  heat. 

Wammt  refer  to  what  has  been  already  said  in  the  chapter  on 
food  (Chapter  XX 1 1.),  for  observations  on  the  relation  of  thekiod 
of  food  to  the  animal  tecoperatnre. 

Infiuenee  of  CUmaU  and  StMotu. — ^The  bait  Mooont  va  p 
of  the  effect  of  climate  reanlta  from  4000  e 
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the  Bonite,  a  French  vesul,  during  her  paawm  batw—n  OapaBai  ' 
ire  of  10  B  ~       ~     ' 


and  the  tropics.     The  mean  temperature  c 
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with  the  thermometer  at  82°  F.,  was  hardly  two  dwreea 
at  Calcutta,  where  the  thermometer  stood  at  104"  F.  Tha 
tare  of  the  body  was  found  to  rise  and  fall  pereeptibW^  bvttligUj 
— to  fall  slowly  in  passing  from  a  warm  to  a  cold  eUmato,  aad  t* 
rise  more  rapidly  in  re-entering  the  torrid  tone. 

The  rate  at  which  an  animal  loses  its  heat  will  depend  both  m  th* 
coldness  of  the  surrounding  air,  and  on  the  rapidity  of  erapoiitiBS. 
In  temperate  climates  these  causes  differ  inverselj  with  tha  sesMb 
In  winter  there  is  much  loss  by  radiation,  little  by  evmporation ;  ii 
gammer  the  reverae.  But  Dr.  Edwards  has  well  shown  that  lim 
compensations  are  not  the  only  cause  of  the  nnifonnity  of  h 
80  wonderfully  maintained,  but  that  there  is  also  in  sDimals'a  i 
enoe  in  the  rate  at  which  beat  is  produced,  according  to  the  seaMi, 
"the  calorific  faculty  is  more  active  in  winter  than  in  sommer."  "!■ 
winter  there  is  a  more  active  production  with  greater  loss,  in  siiii— ^ 
a  less  production  with  smaller  loss."  To  test  thia,  Dr.  EdwaiA 
contrived  a  box  Burrounded  with  ice,  having  the  EMme  external  tern- 
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ratnre,  and  the  sarae  humidity  of  atmosphere  in  winter  and  snm- 
r,  80  that  the  loss  by  radiation  and  evaporation  should  be  the 
ne  in  both  oases.  Into  this  apparatus,  in  February,  he  placed  5 
arrows  that  had  been  living  in  a  warm  room,  and  found  that  after 
interval  of  3  hours  they  maintained  their  previous  heat  within  1^ 
Again,  in  July,  he  did  the  same  with  4  others,  and  these  after 
lOurs  were  found  to  have  lost  10^  F.  We  may  here  recall  the 
(t,  that  the  quantity  of  carbonic  acid  exhaled  is  greater  when  the 
ternal  temperature  is  low.  Mice  and  guinea-pigs  evolve  twice  as 
ich  carbonic  acid  at  32^  as  at  60^  F.,  and  birds  more  than  double, 
so  more  food,  and  of  the  calorifacient  kind,  is  required  in  winter 
ui  in  summer,  and  in  cold  climates  than  in  warm. 
The  nature  of  the  food  must  vary  with  the  temperature  of  the 
mate,  for  at  the  same  time  that  the  respirations  are  less  in  number 
hot  than  in  cold  climates,  the  air  is  less  dense,  and  contains  in  a 
ren  volume  less  oxygen  ;  hence  a  light  and  succulent  diet  is  better 
ftpted  to  the  requirements  of  the  system,  and  comparatively  little 
ftt  is  developed ;  while,  in  cold  climates,  a  large  quantity  of  highly 
rbonaceous  food  is  necessary  in  order  to  furnish  the  requisite  sup- 
f  of  heat. 

In  animals  which  are  very  active,  and  which  are  not  subjected  to 
)  cooling  influence  of  an  atmosphere  many  degrees  lower  in  tern- 
rature  than  their  own  bodies,  it  is  quite  possible  that  a  sufficient 
lount  of  heat  may  be  generated  in  the  combination  of  the  elements 
their  tissues  without  the  necessity  of  fatty  or  starchy  food  form- 
l  a  part  of  their  highly  nitrogenous  diet.  In  cold  climates,  how- 
9r,  a  large  quantity  of  readily  combustible  food  is  necessary  in 
ler  to  furnish  the  requisite  amount  of  heat. 
Lo8s  of  Seat  by  Evaporation. — The  animal  body  is  continually 
tgect  to  evaporation  of  its  fluid  parts,  just  as  any  other  moist  sub- 
mce,  and  the  amount  of  evaporation,  and  the  consequent  loss  of 
it,  will  depend  on  the  same  causes  as  in  the  case  of  inorganic 
[stances.  The  moisture,  or  dryness,  of  the  surrounding  air,  and 
state  of  motion  or  rest,  will  mainly  influence  the  result.  All  the 
ects  of  excessive  temperature  on  the  body  are  much  more  apparent 
th  a  moist  than  a  dry  atmosphere ;  because  in  the  case  of  a  dry 
nosphere  a  greater  amount  of  evaporation  takes  place,  and  hence  a 
Mter  quantity  of  heat  is  removed  from  the  system. 
In  England  it  would  be  impossible  to  sustain  a  vapour  bath  at  a 
nperature  of  110^  or  120^  for  more  than  10  minutes,  whereas  the 
dy  may  be  without  danger  exposed  for  the  same  time  to  a  dry 
nperature  twice  as  high  or  more.  In  some  well-known  experiments 
r  Charles  Blagden  remained  immersed  for  8  minutes  in  dry  air 
ated  to  the  extraordinary  pitch  of  240^  or  260^  F.  An  oppres- 
'6  day  in  summer  is  one  where  the  air  is  moist  at  the  same  time 
It  it  IS  hot  and  stagnant. 

Again,  the  refrigeration,  arising  from  simple  contact  of  cold  air, 
much  increased  by  motion  of  the  air,  t.  «.,  by  a  rapid  renewal  of 
•h  cold  particles ;  and  all  the  more  if  the  moving  air  be  dry.  A 
Id  dry  wind  is  one  of  the  most  powerful  refrigerators,  but  we  could 
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Jjordly  realize  the  full  extent  to  which  this  is  true,  without  an  a 
jimple.   Mr.  Fiaher,  the  surgeon  to  the  expeilitlon  to  the  Polu  Sm, 

Snder  Sir  Edward  Parry,  has  related  its  extra ord inn ry  elTecU.  Tm 
nrdy  sailoi's  fonnd  that  they  could  better  bear  a  cold  nbich  vodl 
freeze  mercury  (viz.,  40°  below  zero,  F,}when  the  air  was  perfttUr 
calm,  than  a  temperature  of  10°  F.  i.  e.,  50°  higher)  when  lh«  »iai 
was  up. 

The  rate  of  cooling,  and  the  amount  of  heat  parted  with  id  tlsi 
jDanner  deponds  upon  the  difference  in  temperature  between  the  baJ; 
and  that  of  the  surrounding  medium.  The  loas  of  heat  must  of  eoorw 
be  much  greater  in  the  Polar  regions,  where  the  temperature  is  K"j^ 
or  more  below  that  of  the  body,  than  in  hot  climates  where  the  ua- 
perature  of  the  air  approximates  to  that  of  the  body.  Yet  tht  ini- 
perature  of  the  body  is  the  same  in  each  case.  The  cooling  eSicca 
of  cold  climates  are  compensated  for  by  the  increased  quantity  <^ 
highly  carbonaceous  food  taken,  and  the  increased  uctiTity  of  liu  n- 
Bpiralory  functions.  A  much  larger  quantity  of  carbonic  acid  a 
«¥Olved,  and  a  much  greater  amount  of  heat  liberated,  than  in  Kara 
filimates,  where  the  food  must  be  smaller  in  quantity,  and  sbonldofr 
tain  less  carbon  and  hydrogen. 

Warm  clothing,  by  protecting  the  body  from  the  influence  of  oU 
ftir,  and  so  peventing  the  loss  of  a  certain  amount  of  heat,  nuy  U 
■raid,  as  Liehig  baa  remarked,  to  be  equivalent  in  cold  couDtrieitat 
certain  amount  of  food.  The  appetite  is  increased  in  cold  fivithtf, 
ud  if  in  winter  we  clothe  lightly  we  eball  eat  more  than  if  vatibIj 
oJad.  We  may  often  remark,  that  lean  spare  men,  who  tnke  a  gnti 
deal  of  exercise,  consume  many  times  the  quaniity  of  food  wbidi  sa- 
tisfies a  moderately  plump  iudividuah  The  former  has  usiuiliTk 
larger  respiratory  capacity,  and  ia  leas  protected  from  the  cooLn^ 
infltieDoe  of  the  ezteroal  air. 


Injluaiee  qf  Food. — If  an  inin^dent  qvuititj.9f  .j{k^.J|ii|ri|b 
lie  temperature  of  the  body  faU«,  ^nd  the  Dubon  ^d  .hjdliMp%* 
tering  into  the  compoeitioD  of  the  ttaaoas  tbaiiiwlT«%  o«vlup^iHI 


the  oxygen,  and  thoa  a  certain  amosnt  of  heat  u  famialwd.  Dii- 
ciency  of  food  is  borne  much  more  readily  Id  a  hifih  tenpenlsi 
than  in  a  low  one.  Cold  very  much  expedites  death  from  stamtiifc 
The  highly  important  and  interesting  ezperimenta  of.  Cboaiat^  sgrn 
animals  have  showQ  that  in  etarvation  the  fatty  matterif  shiA  M 
most  readily  oonvartible  into  carbonic  acid,  are  first  renoTV^  i^ 
afterwards  the  subetauoe  of  the  muscles  is  acted  npon,  in  ordar  tt 
furnish  an  amount  of  beat,  without  the  developmeat  of  whid  Efi 
would  at  once  cease;  next  the  nervous  system  girea  way  to  thiaeiiA- 
ising  pow'er — life  ceseee,  and  every  portioD  of  tbe  ornnia  lutaHdi 
with  the  exception  of  the  mineral  matters  combined.wiu  it,  is  Im^lt 
under  the  destructive  influenoe  of  the  oxygeo.  M.  Ghenat  tomi 
that,  talcing  40  per  cent,  as  the  mean,  fat  lost  98.8,  blood  7^  bvrt 
44.8,  muscles  42.8,  skin  88.^  bones  16.7,  apd  tbe  : 
only  1.9  per  cent  of  their  weight  in  fatal  starvation. 

*  RecherohM  MpdriffiutalM  nir  I'lnMiitlqB. 
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The  time  required  to  prodaoe  death  from  staryation  yaries  accord- 
to  different  circumstances.  If  the  body  be  very  fat,  life  will  be 
ported  for  a  longer  period  than  if  only  a  small  quantity  of  fatty 
;erial  be  present.  A  fat  pig,  which  was  confined  by  a  slip  of 
th,  lived  160  days  without  food,  and  during  this  period  he  lost 
re  than  120  lbs.  (Martell,  TrartB.  Linn.  Soc.^  vol.  xi.  p.  411,  quoted 
[iiebig*s  letters).  While  death  from  starvation  would  be  retarded 
warmth,  little  or  no  exercise,  and  a  moderate  supply  of  water,  it 
lid  be  much  accelerated  by  the  converse  of  these  circumstances. 
Influence  of  JDisease. — In  acute  diseases  accompanied  with  fever, 
b  as  pneumonia,  pleurisy,  acute  rheumatism,  and  in  scarlatina, 
hoid  fever,  etc.,  the  temperature  often  rises  several  degrees  above 
normal  standard,  not  unfrequently  reaching  106^  or  106^  F.  Dr. 
irards  observed  the  temperature  as  high  as  llOf  in  a  case  of  teta- 
•  This  high  temperature  sometimes  decreases  rapidly,  and  some- 
es  very  gradually,  the  diminution  being  frequently  accompanied 
free  perspiration  and  copious  excretion  of  urine,  rich  in  urea  and 
ates.  The  frequency  of  the  pulse  also  diminishes  at  the  same 
e.  This  increased  development  of  heat,  during  the  exacerbation 
he  fever,  is  associated  with  the  increased  amount  of  disintegration 
tissues  taking  place  at  that  time;  while  the  remission  is  ac- 
ipanied  by  the  elimination  of  the  resulting  compounds,  free  per- 
dition, diminished  frequency  of  pulse,  and  corresponding  decrease 
»mperature.* 

!n  those  diseases,  on  the  other  band,  where  the  activity  of  the 
mical  processes  going  on  in  the  body  is  impaired,  the  temperature 
s  many  degrees  below  the  normal  standard.  In  cholera,  where 
dark  blood  and  imperfect  respiration  mark  the  introduction  of  an 
fioient  supply  of  oxygen,  and  the  suspension  of  secretion  and 
absence  of  symptoms  characteristic  of  the  accumulation  of  ex- 
tory  products  in  the  organism,  show  that  the  chemical  changes 
ompanying  the  disintegration  of  the  tissues  are  only  taking  place 
i  slight  degree,  or  are  altogether  suspended,  the  temperature  often 
s  to  70^,  or  even  much  lower.  It  is  curious  that,  in  many  of 
Be  conditions,  the  temperature  should  rise  very  rapidly  imme- 
tely  after  death.  The  most  striking  examples  of  this  have  been 
oed  on  record  by.  Dr.  B.  Dowler,  of  New  Orleans,  and  occurred 
sases  of  yellow  fever,  etc.  In  one  instance,  just  before  death,  the 
iperature  was  104^ ;  and  fifteen  minutes  after  death,  it  had  risen 
L18^  in  an  incision  in  the  thigh.  The  temperature  still  remained 
y  high  for  several  hours  after  death. 

WU^^alian. — The  phenomena  of  hibernation  are  dependent  upon 
conditions  we  have  just  alluded  to.  Previous  to  becoming  torpid, 
animal  accumulates  a  quantity  of  fat,  which  is,  as  it  were,  laid 
as  in  a  storehouse,  to  be  consumed  slowly,  while  the  period  of 
laal  sleep  lasts.  At  this  time,  the  activity  of  the  vital  functions 
Boob  reduced,  the  animal  lies  perfectly  BtUIi  the  frequency  of  the 

See  a  reyiew,  by  Dr.  H.  Weber,  in  the  Medieo-Ckir.  Reviiw,  Jan.  1858,  on  Crises 
Critical  Daj8,  bj  Jhr.  L.  Traube.    BerUn,  1862. 
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ItMrt's  actioii  and  of  tho  respirntions  diro'mishes;  its  temptntm 
AUt  many  degrees,  and  it  is  placed  in  a  cooditioD  the  moel  fsvunreUi 
far  supportiDg  life  for  a  considerable  period  of  time  with  t  wr 
■Bull  Bupply  of  combustible  luaterial.     The  momcot  the  anitml  b   < 
noted,  the  vital  processes  again  become  active,  and  a  sopptj  of  fri 
MOb  becomes  necessary.     In  tho  case   of  the   marmot,  m  wkiii 
•riual  the  hibernation  is  complete,  the  pnlse  falls  to  abont  lo  Inii    < 
m  ■  minute,  and  the  respirations  to  about  14  in  an  hour,  irhil«B    i 
tlw  waking  State  these  are  respectively  150  and  500.     The  tenipH>   < 
tllK  of  the   body,  during  the  hibernating  period,  may  fall  m  lo*  u 
86°.     If,  however,  the  animal  be  exposed  to  warmth,  the  frequfocT 
of  the  pulse  and  respiration  increases,  a  much  larger  quantiijof   , 
'"fgen  is  consumed,  and  a  corresponding  proportion  of  carbonic  toi 
<led.     The  temperature   of  the   body  suddenly  rises,  aa<l  tin 
■mmal  soon  dies,  unless  supplied  with  food.  < 

Theory  of  Animal  Seat. — It  has  been  shown,  that  in  certaio  put  I 
t€ plants,  and  in  cold  as  well  aa  narm-hlooded  animalg,  heatilfe  , 
TMOped  coincidently  with  the  consumption  of  oxygen,  the  combofin  i 
of  flarbon,  and  the  formation  of  carbonic  acid.  The  heat  prcdoet^ 
■ltd  the  chemical  product  of  combustion,  have  been  observed  te  ktf  ' 
■  eertain  general  correspondence  one  with  the  other.  , 

To  understand  the  real  nature  of  the  development  of  beat  a  ' 
Wgknized  bodies,  it  is  necessary  to  remember,  that  the  heat  iUm»  , 
giged  during  the  oxidation  of  carbon  or  of  a  metal  (i.  e.  duriBg^i 
OomhuBiion  of  these  bodies)  is  directly  proportioned  to  the  anunBt 
Bad  not  to  the  intensity  of  the  chemical  action.  In  the  wordtrfi 
distinguished  chemist,  '^The  rod  of  iron  that  is  burnt  in  oxygen  {U, 
produces  a  heat  which  no  one  will  deny ;  but  the  iron  which  nil 
■lowly  in  the  air,  disengages  just  as  much  heat,  although  its  tenpca- 
tore  never  rises  sensibly  above  that  of  the  surrounding  atmo^um 
Phosphorus  alight  burns  brilliantly,  and  produces  abundance  of  h«tl; 
phopiiorus  in  the  cold,  still  burns,  but  with  little  lustre,  and  tbt  ben 
which  it  evolves  was  for  a  long  time  lienied."* 

It  has  been  already  stated  (p.  51&-16)  that  a  lai^  portioa  ef  dt 
food  being  destitute  of  nitrogen,  is  not  the  best  adapted  to  fbra  jpnl 
of  the  tissues  of  the  body  into  the  composition  of  which  that  deaat 
enters.  This  ealor^aeient  food  (consisting  of  rarions  qooatilMi  tf 
carbon  in  combination  with  oxygen  and  hydrogen,  in  tho  UiuauHin 
in  which  these  last  form  water,  as  starch,  sugar,  cellnloat^  or  >■% 
or  of  carbon  and  hydrogen  in  combination  with  a  1«m  prmtortiMi  rf 
oxygen  in  fatty  matters)  seems  to  be  devoted  in  the  mom  to  thip^ 
duction  of  heat  by  the  combination  of  its  oarbon  and  hydn^M  liA 
the  oxygen  furnished  by  respiration.  It  is  a  qoestion  through  iM 
changes  it  passes  ere  thus  consumed ;  bat  of  ita  erentoal  doHiMtia 
to  the  production  of  heat  there  would  appear  to  be  no  doabL 

As  was  shown  in  the  chapter  on  Respiration,  more  oxna  ii 
taken  into  the  blood  by  the  lungs  than  is  required  to  form  tMa*- 
bonio  ooid  exhaled.    This  BnperBnoiis  oxygen  disappears,  the  gnsNr 

*  Domu,  "  Balanoe  of  Orgaule  Katmo,"  p.  S7.  I 
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part  appearing  to  enter  into  combination  ^rith  hydrogen,  while  a 
•mall  quantity  goes  to  oxidize  the  sulphur  and  phosphorus.  The  air 
kreathed  is  likewise  found  to  have  lost  bulk.  Now,  gaseous  carbonic 
aeid  contains  its  own  bulk  of  oxygen — but  oxygen  uniting  with 
hydrogen  to  form  water  is  condensed.  Such  a  condensation  of  the 
oxygen  would  accord  with  the  observed  diminution  of  bulk  in  air  by 
being  respired.  It  has  been  remarked  that  herbivorous  animals 
ntarn  to  the  air,  as  carbonic  acid,  only  nine  out  of  ten  of  the 
Tolnmes  of  oxygen  absorbed  in  respiration,  and  that  carnivorous 
aoimals  return  in  the  same  form,  only  five  or  six  out  of  ten  volumes. 
The  camivora,  then,  absorb  nearly  twice  as  much  oxygen  as  they 
enploy  for  oxidising  carbon,  and  a  very  large  proportion  of  the  re- 
mainder, no  doubt,  combines  with  hydrogen  to  form  water. 

To  explain  the  prompt  oxidation  of  the  carbon  and  hydrogen 
irithin  the  body,  Liebig  has  pointed  out  that  the  oxygen  is  presented 
to  them  not  in  a  gaseous  but  in  a  liquid  or  solid  form — that  in  the 
imiQmerable  channels  of  the  circulation,  these  several  elements  are 
not  merely  brought  together  in  a  very  subdivided  state,  but  every- 
where in  close  proximity  to  membranous  surfaces,  mechanically 
adapted  to  favour  the  occurrence  of  chemical  union.  Moreover,  that 
the  carbon  and  hydrogen  are  not  offered  to  the  oxygen  in  their  pure 
and  simple  state,  but  in  combinations  already  existing  and  ready  to 
he  dissolved.  He  also  insists,  with  great  force,  on  the  analogy  of 
these  actions  to  those  promoted  by  the  presence  of  a  body  already 
mdergoing  oxidation.  For  example, "  when  weak  brandy  is  allowed 
to  trickle  over  shavings  in  a  close  vessel,  through  which  a  feeble 
earrent  of  air  at  from  93^  to  97^  F.  circulates,  the  alcohol  in  the 
kandy  remains  unchanged ;  in  spite  of  the  greatly  increased  surface, 
no  oxidation,  no  formation  of  acetic  acid  takes  place.  But  if  to 
the  brandy  there  be  added  one  hundred  thousandth  part  of  vinegar, 
heer,  or  wine,  in  the  state  of  acetification,  that  is,  of  oxidation,  the 
aleohol  disappears  with  great  rapidity,  and  is  converted,  by  the 
abaorption  of  oxygen,  into  an  equivalent  quantity  of  acetic  acid.  In 
the  vessel,  the  surface  of  the  shavings  themselves  very  soon  passes 
mto  the  state  of  oxidation,  and  from  this  period  forth,  the  brandy  is 
aeetified  without  the  addition  of  a  ferment ;  the  wood,  being  in  the 
atate  of  decay,  eremacauiiSy  or  slow  combustion,  plays  the  part  of  a 
lannent.  These  vinegar-producing  vats  give  an  idea,  if  only  a  rough 
one,  of  the  process  of  oxidation  going  on  in  the  animal  body.  As 
m  the  body,  so  also  in  these  vessels,  a  temperature  higher  than  that 
of  the  surrounding  media  is  kept  up,  without  the  aid  of  external 
heat."* 

These  actions  of  contact  or  catalysis  may  well  be  supposed  to  play 
a  large  and  most  important  part,  not  merely  in  the  production  of 
animal  heat,  but  also  in  all  the  chemical  changes  which  are  ever 
going  on  in  the  body,  from  the  first  reception  of  food  to  the  final 
azpolsion  of  its  elements  in  other  forms  of  combination.     Great 

*  *<Aiiimal  Chemistry,"  p.  S4,  8d  edition,  Port  I. 
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■Asciirity,  liowerer,  stilt  banga  over  the  Beries  of  trantfdi 
•which  the  food  undergoea  in  its  pussago  through  the  body. 

It  has  been  seen  that  both  arterial  and  venous  blood  caiitM 
oxygen  and  carbonic  acid  gas  in  a  state  of  solution ;  hut  into  ^ 
form  of  combination  the  oxygen  first  enters,  or  from  wh«  imncfloi 
•onrce  the  carbonic  acid  is  derived,  is  as  vet  matter  of  oonjntR 
only.  It  may  be  regarded  as  moat  probable  that  the  cbaieit 
«hange3  which  issue  in  tho  formation  of  carbonic  add  and  itat«r,Ml 
^Hie  disengagement  of  heat,  are  effected  in  the  tissues  thet&«elfti^« 
in  tho  systemic  capillaries,  in  the  immediate  vicinity  of  tli«  tinxi 

Influence  of  the  Nervous  ,S^»tem. — Much  difference  of  opiuon  ka 
«isted  BB  to  the  share  taken  hy  the  nervous  system  in  the  pnte 
tion  and  maintenance  of  animal  temperature,  some  distin^i>li(il  ■« 
liaving  argued  that  this  system  is  in  some  wmy  the  sooroe  of  btiL 
vhile  others  have  limited  its  operation  to  the  exercise  of  a  coUralfaf 
and  regulating  infiuence  over  this  important  function.  ThektM 
conclusion  is  that  to  which  a  just  estimate  of  the  noraermu  ImB 
advanced  on  both  sides  would  appear  to  lead.  Tbe  expcnouaUtf 
DuloDg,  repeated  and  modified  by  Despretz,  seemed,  indeed,  for  «■! 
time  to  indicate  that  fl  portion  of  the  heat  developed  in  tbeWf 
eould  not  be  referred  to  tbe  consumption  of  the  oxygen  inhaleJ;ni 
that,  therefore,  some  other  source  for  it  must  be  sought.  Tlt«y«a» 
^red  tho  heat  given  to  a  calorimeter  by  nn  nnimnl  placed  wiiUiii. , 
vilh  that  produced  by  the  combustion  out  of  tho  body  of  ai  wtA 
earbon'and  hydrogen  as  tbe  animal  gave  off  in  the  same  time,  nithi 
form  of  carbonic  acid  and  water,  and  found  that  more  heat  was  jini  ' 
off  by  the  animal  than  the  chemical  products  of  its  respiration  «i^ 
account  for,  to  the  extent  of  from  one-fifth  to  one-tenth.  It  hi 
since  been  shown,  however,  that,  on  the  one  hand,  allowttnoe  wit  Ht 
iiiB.de  for  an  actual  cooling  down  of  the  animal  below  its  normal  W-  , 
perature  by  exposure  to  the  refrigerating  influence  of  the  cakirnMM. 
BO  that  the  beat  indicated    had   not   al!   been  produced  wiihia  iV 

r'od  of  the  exp«rime&t ;  and,  on  tha  other,  that  tiw  heat  MMMifl 
the  corresponding  ohemioal  actions  out  of  tbe  bo^  Iwd  bM 
nnder-estimated.  Dalong  himsslf  furnished  a  more  correct  Mtiaril 
of  the  beat  developed  by  tne  GomboBtioa  of  hydrogen ;  and  hk  rvriH 
Have  been  confirmed  by  Fabre  and  Silbermaa.  Hence,  wU*  it 
vonid  be  premature  to  attach  too  much  ralne  to  meh  exiwiasA 
considering  our  ignorance  of  the  exact  series  of  chemical  chugB 
indicated  by  the  resultant  carbonic  acid  and  water,  thqr  unrtshl^ 
are  not,  as  they  once  seemed  to  be,  opposed  to  the  ohemical  thtaj 
of  animal  heat. 

It  may  be  regarded  as  certain  that  the  nervou  ayatem  exsrtii 
considerable  influence  upon  the  development  of  beat  in  tha  ktfy 
Tbe  experiments  of  Sir  Benjamin  Brodie,  and  snhseqiiMitly  thoN' 
"Le  Gallois  and  Chossat,  have  established  the  fact  that  leaioBS  «f  Ih 
nervous  centres  are  accompanied  with  a  diminution  of  temperatv%H' 
of  the  power  of  forming  heat.  Again,  the  temperatore  of  panl^sel 
limhs  is  almost  always  less  than  that  of  sound  umba,  and  often  itlt 
a  very  mu-ked  degree.     In  some  instances,  however,  twin  Icsioni  rf 
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Ae  nervoas  system  are  followed  by  an  opposite  effect.  Much  light 
has  been  thrown  upon  the  influence  of  the  nervous  system  upon  the 
development  of  heat,  by  the  recent  highly  interesting  and  important 
researches  of  M.  Bernard. 

Bernard  has  lately  established  the  very  interesting  fact,  that  sec- 
tion of  the  sympathetic  nerve  is  followed  by  a  considerable  elevation 
of  temperature  in  that  side  of  the  head  or  face  corresponding  to  the 
divided  trunk.  This  increase  of  temperature  occurs  immediately ; 
and  persists  after  all  increased  vascularity  and  turgescence  have  dis- 
appeared, and  after  the  wound  in  the  neck  has  quite  healed.  The 
same  observer  found  that  sections  of  nerves  of  motion  and  sensation 
produce  respectively,  besides  paralysis,  a  diminution  of  temperature, 
while,  if  a  mixed  nerve  containing  fibres  of  the  sympathetic,  as  the 
facial,  is  divided,  an  exaltation  of  temperature  takes  place,  arising, 
doubtless,  from  the  division  of  the  sympathetic  fibres.  The  increase 
of  temperature  seems  to  be  a  special  result  of  the  division  of  the 
fljmpathetic. 

Now,  if  the  upper  extremity  of  the  sympathetic,  which  has  been 
divided  in  the  neck  of  an  animal,  be  subjected  to  an  interrupted  gal- 
vanic current,  the  exalted  temperature  which  follows  its  division  is 
BO  longer  manifested,  and  the  parts  supplied  by  it  actually  fall  below 
the  normal  standard,  and  they  rise  again  when  the  current  is  stopped. 
When  an  animal,  in  which  the  sympathetic  had  been  divided,  was 
placed  under  the  influence  of  chloroform,  the  temperature  which  had 
risen  several  degrees  in  consequence  of  the  division  of  the  nerve,  fell, 
while  it  again  rose  when  the  animal  had  recovered  from  the  effects 
of  the  chloroform. 

Bernard  has  shown  that  the  increased  temperature  following  divi- 
sion of  the  sympathetic,  or  removal  of  the  superior  cervical  ganglion, 
eaanot  be  attributed  solely  to  the  increased  quantity  of  blood,  which 
is  allowed  to  enter  the  vessels  in  consequence  of  paralysis  of  their 
oontractile  coats ;  for  it  occurs  when  the  blood  is  allowed  to  stagnate 
IB  the  vessels  by  tying  them.  At  the  same  time,  it  is  necessary 
that  the  vessels  should  contain  blood.  The  enlargement  of  the  ves- 
sels and  the  increased  flow  of  blood  to  the  parts  are  to  be  looked 
Bpon  as  the  result  of  the  altered  nutritive  changes  which  take  place 
in  consequence  of  the  division  of  the  sympathetic,  rather  than  as  the 
eanse  of  the  rise  of  temperature.  Whatever  may  be  the  exact  order 
and  nature  of  the  changes  which  ensue,  they  may  be  looked  upon  as 
a  more  active  manifestation  of  the  ordinary  phenomena  of  animal 
heat 

This  increase  of  temperature,  which  is  found  ^nerally  to  accom- 

Kny  the  abstraction  of  nervous  influence,  has  been  accounted  for 
the  supposition  that  the  tissues  were  more  readily  acted  upon 
hv  the  oxygen  of  the  air  when  deprived  of  the  protective  agency  of 
the  nervous  system;  but  although  this  increased  action  of  the  oxygen, 
or  more  rapid  combustion,  may  perhaps  have  considerable  weight  in 
the  production  of  these  phenomena,  it  must,  by  no  means,  be  re- 
garded as  the  sole  cause,  nor  can  the  chemical  theory  of  animal  heat, 
as  it  at  present  stands,  be  considered  as  giving  an  explanation  of  the 


:irhole  of  the  facta  observed  in  conDection  with  this  highly  istei 

bat  abstruse  enbject. 

Upon  tho  subject  of  Anims!  Heat,  Iho  folIoiciDg  irorlci  may  be  conraltad:  Dr.  fm- 
Jbrd's  "GiperimeDUBiulObaerTiLCionBouAQinisI  HeaC17S8j  Dr.  J.  Iht*;'*  Hfnoi 
fiithc  rbiloiaphical  Tramtnctions,  1814;  "Recberch«i  ExpMmnit>lM  nr  l'b>t- 
Oon."  M.  ChoesBt,  Parin,  lUiH :  LieU^a  Animal  C^enUu?,  Sd  AdltfAB  i  Mr  B«t«i* 
J^die'B  PhjBiDlogieul  [Usp&rohes,  uid  &Uo  papers  in  Ihc  Phil.  Tnos-,  tSlI-Ui  tt 
Vtide  Anlmat  Heat,  b;  Dr.  EdTtarda,  in  Ui«  C^'elapvilia  of  AnKtMnr  wad  Pfijvihf;. 
toL  ii. :  LebmiLnii's  Phjaiologicnl  Cbamiatiy ;  Mr.  Xcwpo'^  <■»  >l>c  Ten|wnran  if 
IiiB*cta,  in  tho  Phil.  TranB.,  1837 ;  Mftm,  ■■  Sur  U  ChalBnr  Aoinwle,"  jmr  MM.  B» 
qiurc!  and  BreBchel,  in  Ann.  dea  SoLcnoM  N'at.,  Seooude  Serie,  torn.  HL  ir.  pl  ii.  H 
Beraard,  "  Becberchea  Eipinmentalea  nur  U  Grand  Sympathique,"  Parii^  lil&t. 
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Thi  high  developtQent  of  nwn'a  intellect,  M  eooiMnd  ttMt-M 
of  the  lower  uiuiuIb,  would  be  of  oompftntin)^  -  uM*  IdiMllii 
without  hit  peenlitr  endowment  of  epeadi.  Te  tlui  powwyiftW* 
till  nibsidiary  is  thst  of  produdns  rookl  eomidi  or  tom{  atiil) 
boweT«r,  he  enjoyB  in  oommon  with  *  Urge  vmahm  of  flirhM 


The  phenomena  of  raoe  sre  prodnoed  hj  m  Tny  baoBliM-  «i 

simple  mechaDical  oontrintnce,  the  lar;ni,  whioh  ie  placed  at  Al 
top  of  the  trachea,  to  take  advantage,  as  an  exciting  foree^  vt  Al 
sir  emitted  from  the  lungs  during  expiration.  Tho  ur  UtweneM 
creates  vibrations  in  certain  tense  and  elastic  membniMB  (cwkAi 
voealei),  the  bonndaries  of  a  chink  which  is  the  orifiee  mt  oneetf 
entrance  and  of  exit  for  the  supply  of  air  to  the  laaga.  111mm  fih» 
tions  generate  voice. 

That  the  larnyx  is  the  organ  of  voice  ts  proved  by  tlw  foflovi^ 
very  obvious  facts:  first,  the  least  alteration  in  tfae  oondition  of  Ik 
mucous  membrane  covering  the  vocal  chords  is  invariably  a 


by  a  change  in  the  tone  of  the  voice,  «.  g.  hoarBenaee ;  Mflwdh 
ulcerative  disease  eating  throngh  one  or  both  of  these  rooal  ^m* 
destroys  or  greatly  impairs  the  voice  ;  thirdly,  opening  tbe  tneh* 
below  the  vocal  chords,  so  as  to  divert  the  current  of  air  in  enii^ 

>.ofii 


tion  from  the  laiy  ox,  will  destroy  voice ;  and  fourthly^  i 

inferior  laryDgeal  nerves,  by  which  the  influence  of  the  wiH  ia  lieaqp 

to  bear  on  its  muscles,  and  so  the  tension  of  the  rooal  oborrii  h>*i* 
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lated.  destroys  the  voice  ;  lastly,  by  experiment  on  the  dead  larynx, 
Bounds  may  be  produced  resembling  those  of  the  voice.  If  a  current 
of  air  be  made  to  plav  on  the  vocal  chords  by  a  bellovrs  fixed  to  the 
tracheal  end  of  the  larynx,  or  by  blowing  air  through  it,  distinct 
togbI  sounds  arc  excited  which  can  be  varied  by  altering  the  tension 
of  the  rocal  chords. 

Then  ii  no  instanee  at  true  Toiea  amoaK  the  loirar  ordert  of  oreBtion  eioept  Id 
thoH  ininiBlB  tbat  hare  a  larjnic  cojmcctid  with  the  reipiratorj  apparataa,  aa  in  man. 
In  other  worJt,  all  ddiidiiIs  tbat  hare  no  larynx  are  Toicalasa  The  hum  of  insceta 
fa  •  pIwnomcDaa  easentiallj  different  from  toicb  and  ii  enuMd  by  the  npid  TibrDlion 
of  an  apparatuB  eonneoted  with  their  mnga  All  the  cither  InTertebraled  clnsaea  are 
ineapable  of  producing  Manda  Fishes,  Jikewiae,  are  toiccIcsb  The  Batraehian 
Tcpbtes  poHeia  a  luryni  and  cnn  pr[>- 


Fig  210 


dnee  *aea1  Bonnds.  The  hissiag  i 
■erpeiUa  it,  likewise,  Inrjngeal  But 
the  Chelanian  reptiles  huie  no  loice 
Id  birds  (here  are  two  organs  placed, 
tbe  one  in  front  of  the  other,  t« 
which  the  name  of  larynx  has  l>een 

gTcn  bj  aaatomiats ;  of  these  the 
wer,  or  that  nearest  (he  lungs,  u 
the  tme  tocsI  apparatus;  the  upper 
!■  merely  a  reaonating  or  reciprooat- 
ing  oaiity  destined  to  enhance  the 
intcnsily  of  the  sounds  generated  in 
the  lower.  CuTier  showed  that  an 
•pening  between  the  two  organs  did 
■ot  destroy  the  power  of  producing 
aaunde.  so  long  as  the  infeiior  laryox 
was  uniiuured. 

The  human  larynx  is  a 
kind  of  box,  composed  of 
pieces  which  may  be  moved 
on  each  other,  and  incloses 
the  membranous  bands  in 
which  the  vocal  vibrations  are 
produced.  These  pieces,  when 
articulated  together,  coneti- 
tnte  the  skeleton  of  the  larynx. 
They  are  composed  of  carti- 
lage, and  form  a  very  curious 
mechanism.  There  are  five 
distinct  pieces  (two  of  which 
are  symmetrical)  essential  to 
this  mechanism,  and  there 
are  four  smaller,  accessory 
cartilages.  The  first  are  the 
ericoid  and  the  thyroid  carti- 
lages, the  epiglottis,  and  the 
kiytenoid    cartilages,    which    or » 

are   symmetrical.     To    these    {!;;,; • 

nay  be  added  the  cuneiform  fcJ„*;j5Ji""j",IiU|i^;,BrtM^"i^J 
eartilases  and  the  cornicula,  m-nfor  .opeiior  uryng^iiitrT.,  /.pen 
which    are  merely  sesamoid  nTligtii  miHigr  laberria: 


Cartlltiix  St  Ui 
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botlies  destined  to  lecp  the  folds  of  mncous  memb 

tion. 

Tho  cricoid  catil.igo  is  a  ring,  whose  lower  margin  is  panlld  tt, 

and  united  bj  fibrous  membrane  with  the  first  ring  of  the  tn()iiii. 

Its  upper  margin  slopes  from  behind  forwards,  and  from  above  dm- 

wards,  Eo  that  the  posterior  eurface  of  the  cartilage  is  ootiBidsnU; 

deeper  than  the  anterior,  and  affords   two   large  concave  snrfiM 

for  the  attachment  of  the  posterior  crico-arytenoid  mnsclcn  In 
I  '^per  border  is  connected  in  front  with  the  lower  margin  of  the  ill 
l}tl  the  thyroid  cartilage  hj  an  expansion  of  jellow  fibrous  Ukh. 
Kwwhich  is  particularly  thick  in  front,  called  the  crico-thyroid  ligftmn), 
V^nd  which  fills  up  the  space  called  by  surgical  anatomists  the  eri<4- 
1  Uiyrnid  space.  This  space  and  ligament,  bounded  on  each  »de  tj 
y  ttie  crico-thyroid  muscle,  are  penetrated  by  the  trocar  in  the  op*- 
[■  lution  of  laryngotomy.  The  posterior  half  of  the  npper  border  rf 
I  the  cricoid  cartilage  exhibits  on  each  side  an  oval  coQTes  articular 
[  inrface  on  which  plays  one  of  the  arytenoid  cartilages. 
I       The  Oiyroid  cartilngc  oonsisla  of  two  square  plates  of  cartilajt 

{alec)  united  at  an  acute  angle  in  front ;  each  of  these  is  prDlongcd  M 
1  Ue  upper  and  lower  corners  behind,  into  a  long  superior  proem 
I  Ontpcrior  corvu)  and  a  very  short  inferior  process  {inferior  vonf^ 
I  By  the  superior  process,  and  along  the  whole  superior  border  of  hi 

Hat,  tlie  thyroid  cartilage  is  nnitcd  to  the  03  hyoides  by  the  ibjn- 
I  liyoid  ligament.     Each  inferior  process  rests  upon  the  outer  trnW 
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of  the  cricoid  cartilagCi  and  plays  upon  a  small  circular  plane  articu- 
lar facet  situated  thereon. 

By  the  angular  union  of  the  two  alae  of  the  thyroid  cartilage  in 
front,  a  projection  is  formed  beneath  the  integuments  which  is  most 

{rominent  in  the  male,  and  is  commonly  known  as  the  pomum  Adamu 
nto  the  hollow  angle  behind,  the  vocal  chords  are  inserted,  and  also 
the  stalk  and  ligament  of  the  epiglottis.  The  broad  outer  surfaces 
of  the  alao  give  attachment  to  muscles  along  an  oblique  line,  which 
is  sufficiently  conspicuous  between  the  middle  and  lower  third  of  each. 
The  thyro-hyoid  and  sterno-thyroid  muscles  are  thus  attached.  To 
the  inner  surface  of  each  ala  are  inserted  the  thyro-arytenoid  and 
the  crico-thyroid  muscles. 

By  the  gliding  of  the  inferior  horns  of  the  thyroid  upon  the  articu- 
lar facet  on  the  outer  surface  of  the  cricoid  cartilage,  a  movement 
of  the  one  cartilage  may  take  place  on  the  other,  round  an  axis 
passing  transversely  through  the  cricoid.  By  this  movement,  the 
crico-thyroid  space  may  be  enlarged  or  diminished  according  as  the 
cartilages  separate  from  or  approximate  each  other  in  front. 

The  arytenoid  cartilages  are  two  pyramidal  bodies  articulated  by 
their  bases  with  the  oval  articular  surfaces,  already  described  on  the 
upper  margin  of  the  cricoid  cartilage.  Each  presents  a  concave  pos- 
terior surface  in  which  is  implanted  the  arytenoid  muscle  which 
passes  from  one  cartilage  to  the  other;  an  inner  smooth  surface 
covered  by  mucous  membrane,  and  an  outer  surface  which  gives 
attachment  to  the  crico-arytenoid  muscles.  From  the  anterior  angles 
of  the  bases  of  the  arytenoid  cartilages  proceed  the  vocal  chords  to 
be  inserted  into  the  angle  of  the  thyroid.  The  mobility  of  the  articu- 
lation of  the  arytenoids  with  the  cricoid,  and  their  connection  with  the 
▼ocal  ligaments  give  them  great  importance  in  the  mechanism  of  the 
larvnz. 

The  eomicula  and  the  cuneiform  cartilages  are  placed  beneath  the 
mucous  membrane — the  former  at  the  apex,  the  latter  parallel  to  the 
anterior  border  of  the  arytenoid  cartilages. 

The  JSpiglottta  is  a  remarkable  valve-like  cartilage,  in  shape  like 
the  spout  of  a  ewer.  It  seems  to  issue  from  the  angle  between  the 
alas  of  the  thyroid  cartilage,  to  which  it  is  attached  by  a  stalk-like 
ligament.  It  projects  above  the  root  of  the  tongue,  and  lies  between 
that  organ  and  the  aperture  of  the  larynx,  like  a  valve,  which  is 
pressed  over  the  glottis  when  the  toneue  is  retracted.  Its  upper 
border  is  convex,  and  its  posterior  surface  is  concave,  transversely 
convex  in  its  length.  It  is  a  smooth  and  very  flexible  cartilage, 
covered  by  a  mucous  membrane,  but  penetrated  by  holes  and  depres- 
sions in  which  are  lodged  the  numerous  mucous  glands  of  the  mem- 
brane that  covers  it. 

Such  is  the  skeleton  of  the  larynx ;  it  hangs  from  the  hyoid  bone, 
suspended  by  the  thyro-hyoid  lieament  and  muscles,  and,  through  the 
hyoid  apparatus  and  some  muscles,  it  is  brought  into  connection  with 
the  lower  jaw  and  the  base  of  the  cranium. 

Vocal  Chords^  or  Superior  Thyro-Arytenoid  Ligaments. — The 
▼arious  cartilages  of  the  larynx  are  connected  to  each  other  by  liga- 
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mentfl.  Of  tbese,  tbe  most  trnportant  tnd  interMting,  u  being  tk 
cBsential  part  of  the  mechanism  for  produuog  Tocal  Boundi,  an  ik 
bands  of  fibrous  tissue  which  extend  from  the  Bnterior  angla  of  At 
base  of  the  arytenoid  cartilages  to  the  angle  between  the  vbip  4 
the  thyroid.  These  are  the  tbyro-arytenoia  ligaments,  or,  in  pIijM- 
logical  langnage,  the  vocal  eJtordt.  They  are  bkudi  of  elastic  liga- 
ment, extending  between  the  points  named  {t,  v.  Fig.  21:i).  Tbtydi 
not,  in  the  quiescent  state,  lie  parallel  to  each  other,  bat  eonnrgi 
from  behind  forwards ;  their  relatire  poeition,  as  well  as  their  ttt- 
sion,  can  be  varied  to  a  considerable  degree  by  reason  of  the  molrility 
of  the  arytenoid  cartilages.  The  length  of  the  vocal  chords  is  greiMi 
in  the  adult  male  than  in  the  female,  being  as  3  :  2. 

The  elastic  chordm  vocales  are  connected  by  an  expansion  of  dii- 
tic  tissoe  with  the  superior  tbyro-ar^tenoid  ligaments,  which  m 
small  hands  of  the  same  tissue,  extending  from  the  apices  of  tbt 
arytenoid  cartilages  to  the  hollow  angle  of  the  thyroid,  and  sepanlil 
from  the  inferior  by  a  space  callM  the  ventricle  of  the  laryii. 
These  superior  ligaments  are  likewise  known  as  the  falat  cJuiiK 
voeaUt. 

Much  importance  is  attached  by  Lanth,  Miiller,  and  others,  te 
the  fact  that  many  of  the  ligaments  of  the  larynx  are  composed  of 
elastic  tissue,  and  connected  together  by  a  fibrons  ezpanuon  ef  a 
similar  atructnre.  Lanth  describiES  the  elastic  ttssae  of  the  Itrju 
as  starting  from  the  angle  of  the  thyroid  cartilage  between  the  iiKi^ 
tions  of  the  thyro-arytenoid  muscles,  whence  the  fibres  radiste  don- 
wards,  obliquely  backwards,  and 
f>8-  212.  even  somewhat  upwards,  fonniaga 

f  continuous  membrane,  which  panes 

to  the  cricoid  and  arytenoid  carti- 
lages, lines  the  Tentricles  of  tht 
larynx,  and  is  connected  with  the 
cricO'thyroid  ligaments  and  tbc 
vocal  chords,  both  trne  and  h]tt. 
The  thyro-hyoid  ligament  is  lil^ 
vise  elastic;  and  also  the  fibraai 
bands  which  connect  tbc  epiglottis 
to  the  thyroid  cartilage,  and  hyoid 
bone,  and  the  tongue.  "  If,"  hts 
Miiller,  "we  add  to  these  parts  the 
elastic  longitudinal  fibres  in  the 
membranous  part  of  tho  traehei 
anil  bronchi,  ne  shall  have  an  idea 
of  tho  great  extent  of  the  tissnei 
susceptible  of  consensual  vibratioa 
M  mn«^  *"''  resonance  in  the  parts  sar- 
coid cy   rounding  the  organ  of  voice."' 


i'nnflHi 


r:;Ji. 


The   mucous   membrane   of  the 
larynx  is  part  of  the  great  respiit- 


*  Miiller'i  Physiologj-,  by  Bal;,  toI.  ii.  p.  lOOS. 
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toiy  tract,  described  at  page  523,  and  possesses  the  same  anatomical 
ehuraetera  at  many  points,  being  covered  by  ciliated  epithelium.  It 
is  involuted  to  a  ooneiderable  extent,  forming  nnmerous  glands,  which 
eoTcr  the  epiglottis,  and  are  scattered  over  tiie  interior  of  the  l&rjnx. 

We  have  seen  that  the  cricoid  cartilage  may  move  freely  on  the 
thyroid,  or  vice  veria ;  and  the  arytenoids  may  be  moved  in  various 
direetions  on  the  upper  border  of  the  cricoid.  Moreover,  suspended 
•■  it  is,  loosely  in  front  of  the  pharynx  and  tesophagns,  the  whole 
Apparatus  of  the  larynx  may  be  moved  freely  up  and  down  in  the 
neck,  approximating,  or  receding  from  the  lower  jaw.  For  these 
TKrious  movements  the  larynx  is  provided  with  two  sets  of  muscles — 
the  extrintie,  by  which  the  whole  organ  is  moved,  and  the  intrinticy 
destined  to  regulate  the  movements  of  the  rarioos  segments. 

The  extrintie  muscles  are  those  which  connect  the  larynx  to  the 
itemum  below  and  the  hyoid  bone  above  ;  the  sterno-tbyroid,  the 
thyro-byoid,  and,  indirectly,  the  sterno-hyoid,  omo-byoid  and  stylo- 
hyoid, and  stylo- pharyngeal  muscles. 

The  intriniic  muscles  ars  the  crico-thyroidei,  the  arytenoidei,  the 
orico-arytenoidei-postici  and  laterales,  and  the  tbyro-arytenoidei.  We 
most  refer  to  works  on  descriptive  anatomy  for  the  details  of  the 
monections  of  these  muscles ;  it 

must  snffice,  here,  to  state  that  ^s-  ^13. 

their  names  denote  very  accu- 
rately their  attachments  to  the 
Mgments  of  the  larynx  upon 
which  they  can  exert  tneir  force. 

Action  of  Laryngeal  MuacUi. 
—The  arytenoid  cartilages  arc 
attached   by   ligaments   to   the 
posterior  surface  of  the  cricoid, 
irfaich  permit  a  considerable  ex- 
tent of  rotation  upon  an  articu- 
lating  surface   formed   on    the 
■naimit  of  the  latter;   by  this 
arrangement  the  chordae  vocales 
may   be   stretched   or   relaxed, 
and  the  aperture  of  the  glottis 
incTeased  or  diminished,  accord- 
ing to  the  direction  of  the  force 
vhich  acts  upon  the  arytenoid 
cartilages.     The  posterior  crico- 
arytenoid  muscles    render   the 
Toeal  chorda  more  tense,  but  at 
the  same  time  cause  them    to      Bumiai^  thw  of  iDtom 
diverge  from  each  other,  and  so    xabi  Air.  ■»«  wiun,  ihoi 
the  width  of  the  aperture  of  the    "o,  rl^Arii  ts  mniniiUoB 
glottis  is    enlarged.      On    the    i^^i^''  ^."^^,°;  ^,™te 
other  hand,  the  thyro-arytenoid    !'icu'',""T''MV*'ta^.iMiiIfl'J 
mnacles,  by  drawing  the  aryte-      ^  crta-aTrteBou  ijsjihbii 
noid  cartilages  towards  the  thy-  T  vX'ili?!^t. '''         '' 
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roid,  relax  the  yocal  li^mente,  while  the  orico-arytenoidei  latmhi, 
by  causing  the  arytenoid  cartilages  to  rotate  inwards  Qpon  iheir  sio, 
approximate  the  vocal  chords  and  diminish  the  apertnre  of  the  gloctk 
The  arytenoid  mosole  draws  the  two  cartilages  towards  each  otkr, 
and  so  tends  to  diminish  the  aperture  of  the  glottis,  eapeeialfy  atitt 
posterior  part. 

These  different  movements  are  further  accelerated,  or  ineKMoi 
in  extent,  by  the  action  of  certain  other  intrinsic  and  eztrinne  ■» 
des  of  the  larynx. 

Thus  the  arytenoid  cartilages  being  fixed  by  the  contraction  rf 
the  arytenoid  and  posterior  crico-arytenoid  muscles,  the  vocal  chordi 
will  be  stretched  by  the  descent  of  the  thyroid  cartilage  over  tk 
cricoid,  a  movement  performed  by  the  crico-thyroid  and  stemo-tky- 
roid  muscles.  The  thyro-hyoid  muscle,  by  drawing  the  thyroid  m- 
tilage  upwards  towards  the  hvoid  bone,  will  assist  the  action  of  tb 
thyro-arytenoids,  and  relax  the  vocal  chords. 

By  the  action  of  these  various  muscles,  the  tension  of  the  mil 
chords  may  be  increased  or  diminished,  and  the  size  of  the  opening 
of  the  glottis  regulated  at  will. 

Modes  ofaUermff  the  apertMte  of  the  GloUit  and  the  tendon  oftki  YooaX  Ckmh. 
Crico-thyroidei stretch  the  tocAI  chords .     .     .     .      ^  ^* 

Th^arytenoidei {'•^SiSlTfr^^^^^}  l''^!^ 

Crico-a^tenoideipcUci.    .    .     { T^l^'ca^"!^  ^' }      ^ 
Crico-arytcnoideilaterale.    .    .     {^Te'X'Jid^'c.ltS^g:;}  >    1.* 

Nervei, — The  nerves  of  the  larynx  are  derived  from  the  ticpcriir 
and  inferior  laryngeal  branches  of  the  vagus.  Those  from  the  fn<- 
mer  are  distributed  to  the  mucous  membrane,  and  to  the  crico-thjroii 
muscles,  by  the  external  laryngeal  branch,  those  from  the  latter  to 
all  the  other  intrinsic  muscles  of  the  larynx.  Both  these  nerm 
anastomose  with  each  other  beneath  the  mucous  membrane,  near  tlie 
arytenoid  muscles. 

The  inferior  laryngeal  or  recurrent  nerve  has  relations  to  the 
innominata  artery  on  the  right  side,  and  to  the  aorta  on  the  left, 
which  often  implicate  it  in  aneurismal  tumors,  especially  of  the  litter 
artery.  These,  by  compressing,  weaken  and  paralyze  the  nerve  anJ 
the  muscles  which  it  supplies,  and  give  rise  to  those  alterations  of 
voice  which  are  sometimes  among  the  earliest  indications  of  the 
formation  of  an  aneurism  within  the  chest. 

Action  of  the  Larynx  and  Theory  of  Vocalization. — In  the  little 
apparatus  of  vocal  chords  attached  to  movable  cartilages  and  bounded 
by  a  free  space  above  the  laryngeal  ventricles,  and  by  a  free  space 
below  the  tube  of  the  trachea,  in  which  they  vibrate,  are  found  the 
chief  conditions  necessary  for  the  production  of  the  vocal  sounds 
over  an  extensive  though  variable  range  of  pitch. 

Although  all  physiologists  are  agreed  that  this  apparatus  is  the 
seat  of  the  production  of  vocal  sounds,  there  has,  nevertheless,  bcea 
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neh  differenoe  of  opinion  as  to  whether  the  larynx  should  be 
"egarded  as  a  stringed  instrument,  in  which  the  sound  depends  npon 
he  Tibrations  produced  by  the  moyement  of  the  stretched  strings, 
18  a  wind  instrument,  in  which  sounds  result  from  the  vibration  of 
he  column  of  air  within  them,  or  as  a  reed  instrument  which  deve- 
ops  sound  by  the  vibration  of  one  or  more  highly  vibratile  tongues 
i^ed  on  by  a  current  of  air  passing  over  them. 

By  the  mechanism  we  have  described,  the  vocal  chords  are  placed 
D  a  position  favourable  for  the  production  of  sounds  by  their  vibra- 
ion,  and  the  pitch  of  the  sounds  so  produced  modified. 

Ftofessor  Willis  showed,  that  in  an  ordinary  respiration  the  aper- 
■re  of  the  glottis  assumed  a  V  form  ;  and  its  lips  are  inclined  from 
•eh  other ;  the  apex  of  the  V  is  situated  towards  the  thyroid  car- 
ilage.  When  sound  is  to  be  produced,  the  lips  of  the  glottis  are 
iftde  to  approximate  each  other,  and  their  inner  edges  become  paral- 
si.  If  now  a  current  of  air  be  forced  through  the  chink,  a  sound 
I  produced,  the  pitch  of  which  depends  entirely  upon  the  tension  of 
he  Yocal  chords.  De  Kempelin  says,  that  in  the  production  of  sounds 
he  lips  of  the  glottis  are  approximated  to  the  one-tenth  or  one- 
welfth  of  an  inch.  The  chords  in  vocalisation  vibrate  throughout 
heir  whole  length ;  but  no  voice-sounds  can  be  produced  by  the 
Massage  of  air  through  the  posterior  portion  of  the  chink  of  the 
;lottis  between  the  arytenoid  cartilages.  Even  when  the  chords 
xe  in  contact,  sound  is  produced  by  the  forcible  transmission  of  air. 

When  the  vocal  chords  are  rendered  tense,  a  high  note  is  produced ; 
rhen  they  are  relaxed,  a  note  of  low  pitch  results.  A  greater  num- 
ler  of  sonorous  vibrations  takes  place  in  the  former  case  than  in  the 
atter.  It  has  been  shown,  that  m  the  case  of  stretched  strings,  the 
litoh  of  the  note  varies  in  direct  proportion  to  the  amount  of  tension, 
leeording  to  the  law  that  the  number  of  vibrations  produced  by 
trings  of  similar  length  vacries  in  proportion  to  the  square-roots  of 
he  forces  which  stretch  them.  A  string  stretched  by  a  certain  force 
rill  produce  twice  the  number  of  vibrations,  if  the  force  be  increased 
bur  times;  or,  if  a  stretched  string  is  caused  to  vibrate,  and  so  to 
irodnce  a  certain  note,  if  four  times  the  force  be  employed,  we  obtain 
i  note  which  is  the  octave  of  the  first,  requiring  for  its  production 
iwice  the  number  of  vibrations.  These  results,  however,  cannot  be 
ibteined  upon  the  larynx,  so  that,  as  Miiller  has  proved,  the  pro- 
hetion  of  vocal  sounds  in  this  organ  cannot  be  compared  with  those 
srodnced  in  a  stretched  string. 

The  distinguished  phyneian^  M.  Savart,  was  among  the  most 
tetive  supporters  of  the  explanation  of  the  formation  of  voice,  on 
he  principle  of  wind-instruments.  He  likened  the  larynx  to  a  bird- 
mil,  and  referred  the  exact  seat  of  the  development  of  sound  to  the 
tir  contained  in  the  ventricles  of  the  larynx,  which  would  be  affected 
IT  the  upward  current  from  the  trachea,  just  as  the  air  in  the  cavity 
>f  the  bird-call  is  by  the  current  from  the  mouth.  But,  to  pass 
»yer  the  argument,  that  it  is  very  doubtful  whether  the  bird-call  can 
)e  referred  exclusively  to  the  class  of  wind-instruments,  Mk  Savart's 
riews  are  decidedly  negatived  by  the  fact  that  in  the  class  of  rumi- 
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nants  the  superior  or  false  vocal  ligaments  are  absenti  and, 
quently,  the  ventricle  of  the  larynx. 

Ferrein  was  the  first  to  show,  by  experiment,  that  vibration  of  dw 
vocal  chords  was  the  essential  cause  of  voice.  His  experimati, 
published  in  1741,  were  performed  on  the  dead  larynx.  By  tka 
he  was  enabled  to  show,  that  the  note  varied  according  to  the  laig& 
and  tension  of  the  vocal  chords,  the  same  laws  regalating  the  fn- 
duction  of  sound  by  these  chords  as  by  strings  which  are  tfanm 
into  sonorous  vibrations  by  currents  of  air. 

The  most  important  experiments  upon  the  production  of  vocd 
sounds  are  those  of  Professor  J.  Muller,  of  Berlin,  and  of  Profcaor 
Willis,  of  Cambridge.  Muller  investigated  the  action  of  membna- 
ous  bands,  or  of  tongues  formed  of  caoutchouc,  in  generating  MOid 
under  the  influence  of  a  current  of  air.  The  human  organ  of  voioi 
is, imitated  by  a  tube,  capable  of  being  varied  in  length ;  to  oneeii 
of  this  are  applied  two  membranous  vibrating  tongues,  attached  ti 
the  wall  of  the  tube,  but  separated  from  each  other  by  a  duik, 
through  which  passes  the  current  of  air  necessary  for  throwing  tim 
into  sonorous  vibrations.     Willis  employed  a  similar  inatnmieat 

The  results  of  these  experiments  may  be  thus  briefly  stated— 

Ist.  That  elastic  bands,  forming  the  lateral  bonndanea  of  a  eUak 
through  which  a  current  of  air  is  driven  by  a  pair  of  bellows,  mq 
be  thrown  into  vibrations  so  as  to  produce  sounds  which  reiadib 
those  of  the  human  voice. 

2d.  That  for  such  vocalization  it  is  necessary  that  these  bsadi 
should  have,  in  addition  to  a  certain  degree  of  tension,  a  partiethr 
position  likewise.  This,  which  is  called  by  Willis  the  voealmngpm^ 
tiony  consists  in  the  parallelism  of  the  margins  of  the  bands,  h 
the  quiescent  state,  during  breathing,  the  lips  of  the  glottis  are  in- 
clined from  each  other ;  but  in  the  vocalizing  position,  or  that  nccei- 
sary  for  the  production  of  voice,  they  become  parallel.  In  the 
former  condition,  the  glottis  is  a  triangular  space,  with  divergent 
sides  and  apex  in  front ;  in  the  latter,  it  becomes  a  simple  slit,  or 
nearly  so,  with  parallel  sides.  In  the  human  larynx,  the  thjro- 
arytenoid  muscles,  lying  on  the  outside  of  each  of  the  vocal  chords, 
exercise  a  principal  influence  in  determining  their  relative  position, 
and  in  adapting  them  for  vocalization. 

3d.  If  a  tube  be  adapted  to  the  membranous  tongues,  in  such  a  man- 
ner that  the  air  may  play  upon  them  through  it,  and  may  pass  through 
another  tube  after  it  has  acted  upon  them,  an  influence  is  exercised 
not  only  on  the  timbre  of  the  sounds  produced,  but  also  upon  tbe 
pitch,  which  varies  with  the  length  of  either  and  of  both.  In  the 
human  organ  of  voice,  the  larynx  and  bronchi  represent  a  tube  pre- 
fixed to  the  membranous  tongues  and  chordae  vocales  ;  and  the  cavit; 
in  front  of  the  inferior  ligaments  of  the  larynx,  a  tube  placed  belov 
the  tongues.* 

*  The  reader  is  referred  for  the  detail  of  MUUer's  experiments  to  p.  988  ti  <^^  ^ 
Dr.  Baly's  Translation,  vol.  ii.,  and  to  Muller's  separate  work,  Ueber  CompeoitucA 
der  ph^'s.  Krufte  am  menschlich.     Organ — Berlin,  1839. 
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The  Toeal  aounde  may  be  prodnced  hj  blowing  air  from  the  trachea 
tbroogb  the  apertnre  of  the  glottis  in  a  larynx  removed  from  the 
4Md  body ;  and  by  adopting  means  to  vary  the  tension  and  the  rela- 
tJTS  position  of  the  vocal  chords,  the  phenomena  of  the  voice  may  be 
Tcrj  closely  imitated.     When 

•ir  ia  thos  blown  through  the  ^'B-  ^'^- 

g^ottia,  the  vocal  chorda  being 
approximated,  clear  and  full 
toDM  are  generated.  They  are 
produced  most  readily  and  cer- 
tunly  when  the  posterior  part 
of  the  glottis,  situated  between 
the  arytenoid  cartilages,  is 
el06ed.  A  certain  constriction 
flf  the  glottis  appears  neces- 
Hry,  as,  when  it  is  too  open, 
HI  indiatinct  noise  is  merely 
prodnced.  The  pitch  of  the 
Botfl  is  determined  by  the  ten- 
Hon  of  the  vocal  chorda,  that 
of  both  being  equal ;  it  is  not 
inflneneed  by  changes  in  the 
indtfa  of  the  aperture  of  the 
^ttis.  By  increasing  the 
ireight  which  stretches  the 
▼ooal  chords,  the  height  of  the 
notes  is  raised ;  on  the  other 
hand,  the  relaxation  of  the  ' 
ahords   lowers    the   notes :   a 

register  of  about  three  octaves  may  be  formed  in  this  way.  Even 
•iter  all  the  parts  which  lieover  the  vocal  chorda  have  been  removed, 
these  variations  of  sound  may  still  be  prodnced. 

The  action  of  the  vocal  organ  in  man  appears  to  approach  more 
nearly  to  that  of  a  reed  instrument  than  to  a  stringed  instrument. 
The  former  ia  characteriied  by  being  provided  with  a  flexible  vibrat- 
ing tongue,  against  which  the  air  can  be  propelled  so  as  to  throw  the 
tongue  into  vibration,  and  to  excite  a  musical  sound.  Such  is  the 
mechanism  in  the  organ-pipe,  hautboy,  bassoon,  accordeon,  and  other 
instruments ;  the  form  and  disposition  of  the  tongue,  and  the  mate- 
rial  of  which  it  is  made,  differing  in  each  instrument. 

(^ett  Voice. — In  the  larynx,  as  before  remarked,  the  note  may 
be  changed,  by  varying  the  tension  of  the  vocal  chords,  provided 
they  be  parallel  and  sufficiently  close  to  each  other.  When  a  high 
note  is  to  be  produced,  the  head  is  raised  and  the  larynx  elevated,  in 
order  that  the  vocal  chords  may  he  rendered  tense ;  on  the  other 
hand,  if  we  wish  to  sound  a  very  low  note,  the  chin  must  be  de- 
pressed upon  the  chest,  so  as  to  facilitate  the  relaxation  of  the  vocal 
ligaments.  At  the  same  time,  the  strength  of  the  blast  of  air  exerts 
a  considerable  inSaence  upon  the  pitch  of  the  note.     In  reed  instru- 


teetaU,  it  haa  been  found  that  the  note  can  bo  rendered  higher  bf» 
ereasing  the  force  of  the  blast. 

Fakftto  Notes. — The  sounds  to  which  we  hare  been  referriigai 
produced  solely  by  the  vibration  of  the  cfaordie  vocftles  ;  modiMH 
aouht  by  the  epiglottis,  soft  palate,  etc.,  aod  the  laryngeal  CuKji 
below.  These  notes  are  all  termed  chest  notes ;  but  in  mu  tea 
can  be  generated  very  different  from  tboso  which  can  be  inutatolkj 
experiments  npon  the  dead  larynx.  These  are  tbe  falsette  aML 
The  precise  mode  of  their  prodaction  is  obscure.  From  tlie  ei|M^ 
ments  of  Mutter  and  Lehfelilt,  it  is  probable  that  these  falsetto natM 
are  produced  by  the  vibration  of  the  inner  portion  of  the  bonlen if 
the  vocal  ligaments  solely.  Magendie  and  Mayo  accdnnted  CorlkB 
upon  the  view,  that  only  half  the  length  of  the  chords  was  Ifanl 
into  vibration. 

Mr.  Bishop  has  shown,  that  in  the  transition  from  tbe  cbtatMli 
to  the  falsetto  note  tbe  crico-thyroid  chink  opens,  having  beeadtaid 
immediately  before,  during  the  production  of  tbe  highest  not*  of  At 
chest  voice;  so  that  the  vocal  ligaments  become  relaxed;  aduap 
which  necessarily  follows  must  take  place,  if  they  are  to  proAic»» 
similar  note,  by  vibrating  only  along  half  their  length. 

Singing. — In  singing,  a  certain  succession  of  tones  is  prodiufdiii 
definite  order  by  altering  the  character  of  the  glottis,  joii  mIij 
varying  the  conditions  under  which  the  air  is  thrown  into  vibratioai 
in  musical  instruments  we  are  enabled  to  alter  the  nature  of  tl)< 
note. 

The  different  varieties  of  the  voice  are  arranged  accordiag  lotli* 
pitofa,  which  depends  apon  the  length  aad  stfasr  «ODdiliiM!iMi 
Tocal  lisaments,  and  toej  are  oompriMd  in  the  foOamiam.Mmt 
Sail,  Zmor,  AUe  or  CoiUralto,  Soprano;  the  two  Ibi^Mv^dai^ 
to  tbe  male,  and  the  two  latter  to  tbe  female  mtx.  BnilHifl^n 
the  Barytone  is  placed  between  the  Base  and  Tenor,  ■ad- lha%Mafr 
Soprano  between  the  Soprano  and  Oontndto>     The 


Toice  varies  from  one  to  three  ootares.  Few  aiagsn  poOTHrapiriK 
range  of  voice  than  the  latter,  bat  some  of  the  moM  edemrf 
have  much  exceeded  this — Gatalani's  voice  included  thrae  andahiX 
octaves.  The  compass  of  each  kind  of  voice  is  shown  in  tbe  foUnr- 
ing  table : — 

[  COWTBIU.TO.  i 

CDEFGABO'D'E"PG'A'B'i»D'E'F»G'A»B'C»D»E>E«G*A'BHJ' 

I \ I      -         I 


Before  paberty,  the  pitch  of  tbe  male  and  female  Toiee  is  ncsitf 
tbe  same ;  but  at  this  period  the  larynx  of  the  male  becomse  IsrgB 
and  more  prominent,  and  the  vocal  ligaments  elongated,  in  nrtv  rf 
which  obauges  tbe  pitch  falls  an  octave  in  extent.  In  eoDmln  tUl 
alteration  does  not  take  place,  and  they  retain  the  puerile  obi 
of  voice,  which  is,  nevertheless,  louder  and  stronger  than  in  l 
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In  men  tbe  vocal  chords  are  one-tbird  longer  than  in  women,  and 
lie  larynx  is  altogether  much  larger. 

Unlike  musical  instruments,  the  human  voice  is  capable  of  pro- 
lacing  a  vast  number  of  notes,  intermediate  between  the  successive 
ooea ;  and  Dodart  estimates  the  number  of  these  which  can  be  ap- 
ireciated  by  the  ear  at  three  hundred. 

Jnfluenee  of  the  Nerves  an  Voice, — The  inferior  laryngeal  and  the 
rieo-thyroid  branch  of  the  superior  laryngeal,  from  the  pneumo- 
gastric,  are  the  sole  channels  through  which  the  operations  of  the 
rill  affect  the  mechanism  concerned  in  the  production  of  the  voice- 
Mninds,  and  as  occurs  in  the  case  of  other  muscles,  the  movements 
if  those  muscles  whose  office  it  is  to  regulate  the  tension  of  the  vocal 
diords,  and  govern  the  aperture  of  the  glottis,  are  much  more  rapid 
md  perfect,  much  more  under  the  control  of  the  will,  and  capable 
vf  executing  more  delicate  movements  in  some  persons  than  in  others; 
md  hence  the  wide  difference  between  individuals  as  to  their  capa- 
Alj  for  singing  and  vocalisation.  Something  in  the  difference  of 
roealising  power  is  due  to  minute  and  inappreciable  differences  in  the 
bngth  of  the  vocal  chords — size  of  glottis — quantity  of  the  elastic 
rocal  chord  tissue — of  the  mucous  membrane  (slight  affections  of 
wbich  create  hoarseness). 

The  movements  of  the  laryngeal  muscles,  as  are  the  movements 
Bf  respiration,  are  much  influenced  by  mental  emotions.  In  laugh- 
ker,  crying,  sobbing,  we  have  a  combined  excitement  of  respiratory 
and  vocal  actions. 

In  health,  the  emotions  of  grief,  joy,  and  surprise,  affect  both 
rcioe  and  speech — the  latter  more  frequently  and  intensely  than  the 
former.  Diseases  which  involve  more  or  less  disturbance  of  the 
Mntre  of  emotions,  affect  both  voice  and  speech.  Hysteria,  and 
riiorea,  may  be  referred  to,  the  former  generally  affecting  the  pro- 
Inetion  of  voice,  the  latter  of  speech. 

In  certain  affections  of  the  brain,  speech  is  impaired  or  altogether 
lestroyed,  or  at  most  limited  to  a  monosyllable,  Ye$  or  No.  This 
Meors  under  various  conditions;  sometimes  in  consequence  of  a 
bhronic  disease,  sometimes  of  a  shock :  a  diseased  state  of  the  convo- 
Intions  or  hemispheres  is  the  most  frequent  concomitant  of  this  symp- 
tom, but  no  precise  part  of  the  brain  can  be  assigned  as  a  special 
man  of  speech. 

In  many  diseases  of  a  spasmodic  or  convulsive  character,  the  action 
of  tbe  muscles  of  the  larynx  is  affected.  In  the  spasmodic  croup  or 
Browing  inspiration  of  children,  the  chink  of  the  glottis  is  frequently 
BO  firmly  closed,  and  for  so  long  a  time  as  to  endanger  life.  The 
peculiar  **hoop"  of  hooping-cough,  and  the  curious  voice-sounds 
BO  common  and  so  varied  in  hysteria,  show  that  either  these  nerves 
themselves  or  the  precise  part  of  the  centre  with  which  they  are 
Donnected,  are  influenced  by  the  morbid  action.  In  chorea  the  same 
Irant  of  power  of  co-ordinating  the  movements  is  observed  in  the 
little  muscles  of  the  larynx  as  in  those  which  preside  over  the  move- 
Dsents  of  the  limbs  and  other  organs. 

In  some  of  the  conditions  to  which  we  have  referred,  it  is  difficult 


756  voiOB. 

to  say  whether  the  motor  nerve  or  its  central  origin  is  affected,  or 
whether  the  disturbance  is  not  excited  in  the  centre  through  the  ii> 
fluence  of  an  afferent  nerre.  Anything  irritating  the  delicate  muoai 
membrane  of  the  larynx  creates  violent  spasmodic  action  of  tki 
muscles  of  the  glottis,  in  which  those  of  respiration  frequendj  tab 
part,  through  the  medium  of  the  afferent  superior  laryngeal  nem. 

Pressure  upon  the  inferior  laryngeal  excites  spasmodic  cough,  wUd 
often  forms  an  important  symptom  of  aneurism,  or  of  mediiitiiil 
tumor.  Section  or  disease  of  the  inferior  or  laryngeal  nerre  eoa- 
pletely  destroys  the  power  of  vocalization. 

Stammering,  at  least  in  the  greater  number  of  instances,  is  u 
affection  of  the  nervous  system,  not  of  the  articulating  orgam.  It 
consists  in  a  defective  control  over  the  will,  and  an  imperfect  powv 
of  co-ordinating  the  muscles  of  speech.  Stammering  is  mack 
increased  by  any  mental  excitement,  sudden  anrprise,  etc.,  and  om 
of  the  most  important  points  to  be  kept  in  view,  in  the  treataentrf 
this  condition,  is  to  avoid  all  cause  of  excitement  to  the  patie&ti  aid 
to  prevent  him  from  thinking  about  his  condition  as  much  m  yimt' 
ble,  so  that  he  may  gradually  obtain  that  command  over  the  nm* 
ments  of  the  muscles  which  is  required  for  conversation. 

Speech, — In  the  vocal  apparatus,  notes  of  very  variooa  pitch  cin  be 
produced  at  will.  The  different  sounds  of  voice  have  been  shown  to 
be  due  to  variations  in  the  size  of  the  aperture  of  the  glottis,  tsd 
in  the  tension  of  the  chordse  vocales.  The  vocal  organ,  howeTor, 
is  not  capable  of  producing  those  articulate  sounds  by  which  we  ire 
enabled  to  communicate  to  each  other  our  ideas ;  but  this  end  is 
obtained  by  an  alteration  taking  place  in  the  cavity  situated  tbofe 
the  glottis,  and  in  the  position  of  the  organs  which  it  contains. 

The  most  important  conditions  affecting  speech  are,  first,  the  siu 
of  the  oral  aperture ;  secondly,  the  size  of  the  buccal  cavity;  and 
thirdly,  the  position  of  the  tongue. 

The  production  of  vowel  sounds,  which  are  continuous,  and  can 
be  prolonged  at  will,  depends  entirely  upon  the  size  of  the  boccal 
cavity  and  outlet.  In  the  sound  of  the  a  in  a/i,  these  are  opened  tD 
their  widest  extent,  while  in  sounding  a  in  fatCy  the  buccal  caviij 
requires  to  be  much  reduced  in  size,  by  the  lateral  expansion  and 
elevation  of  the  tongue.  When  we  sound  the  e  in  me^  cavity  auJ 
outlet  are  made  still  less.  The  o  in  no^  results  from  a  still  farther 
diminution  of  the  oral  aperture,  while  the  buccal  cavity  is  mnch 
increased;  and  in  the  oo  in  hoot^  the  former  is  contracted  to  a  mini- 
mum, and  the  latter  increased  to  its  largest  size. 

The  sounds  just  enumerated  are  the  vowel  sounds  of  continent!! 
languages,  and  they  can  all  be  prolonged  for  a  time  limited  onlj 
by  the  passage  of  the  air  through  the  vocal  apparatus.  The  Eng- 
lish i  may  be  looked  upon  as  a  diphthongal  sound,  and,  like  the  true 
diphthongs,  cannot  be  prolonged  like  a  continued  vowel  sound.  Ttit 
diphthongal  sounds  appear  to  be  produced  by  causing  one  particalir 
vowel  sound  to  pass  into  another  with  a  considerable  degree  of 
rapidity,  thus:  ou  is  formed  by  the  transition  of  the  a  in/cirtoih« 
00  in  cool. 
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n  the  pronunciation  of  consonants,  the  soft  palate,  the  tongue  and 
more  especially,  take  part ;  and  in  order  to  produce  many  of  the 
ids,  it  is  necessary  that  the  air  should  be  forced  through  the  pas- 
^  suddenly,  and  often  with  a  considerable  degree  of  force,  while 
iTS  can  be  produced  as  continuous  sounds,  like  the  vowels ;  hence 
divisions  into  explosive  and  continuous  consonants. 
I'be  former  class  includes  the  b,  p,  d,  t,  g,  k,  the  latter,  the  v,  f, 
,  n,  r,  the  sibilant  consonants  s  and  z,  and  the  Greek  o  {theta)  thj 
cb,  like  shj  is  a  perfectly  simple  sound,  and  might  be  represented 
3ne  letter.  The  manner  in  which  these  sounds  are  produced,  by 
alteration  of  the  position  of  the  organs  concerned  in  the  produc- 
L  of  speech,  can  be  studied  by  every  one  in  his  own  person ;  but 
»  full  description  of  the  position  of  the  several  parts  concerned 
producing  them,  the  reader  is  referred  to  the  works  enumerated 
he  end  of  the  present  chapter. 

Mr  information  upon  the  subjects  treated  of  in  the  present  chapter,  the  stadent  is 
Ted  to  the  following  works:  Dissertatio  de  Loquela,  1700;  Rev.  Mr.  Willis  in  the 
mbridge  Philosophical  Transactions,"  vol.  iv.,  1882;  Lauth,  **Meni.  de  TAcade- 
Royale  de  MMecine,"  1885;  J.  MQller,  *•  Elements  of  Physiology,"  translated  by 
Baly ;  Articles  **  Larynx"  and  **  Voice,"  by  Mr.  Bishop,  in  the  CyclopsBdia  ii 
tomy  and  Physiology. 


CHAPTER  XXXIL 

SECRETION. — SECRETIONS  AND  EXCRETIONS. — SECRETIONS  WHICH 
.BE  EXCREMBNTITIOUS. — SECRETIONS  WHICH  ARE  NOT  EXCREMEN- 
ITIOUS,  WHICH  SERVE  ULTERIOR  PURPOSES. — VICARIOUS  SECRB- 
lON. — INQESTA  AND  EGESTA. — ANATOMY  OF  SEORBTlNa  ORGANS 
GENERALLY. — OF  THE  GLAND-CELL. — OF  THE  DUCTS  OF  GLANDS. 

The  function  of  secretion  is  that  bj  which  organized  bodies  sepa- 
I  from  some  portion  of  their  internal  or  external  surfaces  a  ma- 
aI  which  thereby  becomes  free  or  loose,  and  capable  of  removal, 
I  which  is  likewise  commonly  known  as  the  secretion  from  such 
faces.  It  is  not  sufficient  that  this  material  should  be  separated 
ply  from  the  blood ;  for,  if  this  were  so,  all  the  tissues  would  be 
retions ;  but  it  must  also  be  separated  from  a  tissue  of  a  special 
d,  hence  known  as  a  secreting  tissue.  The  blood,  then,  furnishes 
materials  which  are  to  form  the  secretions  ;  but  certain  tissues 
required,  without  which,  these  materials  could  not  become  secreted 
ducts  :  and  the  secreting  tissues  are  anatomically  arranged  so  as 
save  one  surface  adapted  to  set  free,  in  the  form  of  secretions,  the 
terials  derived  on  the  opposite  surface  from  the  blood. 
^  aecretion  may  be  solid  or  fluid,  living  or  dead,  near  to,  or  dis- 
t  from,  the  constituents  of  the  tissues  in  chemical  constitution, 
table  of  re-entering  the  blood,  and  being  further  serviceable  ia 
49 
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the  economy,  or  requiring  to  be  expelled  from  the  system  u  useloi 
or  hurtful.  Thus,  a  great  variety  of  very  dissimilar  prodacU  m 
conveniently  classed  together  as  secretions,  in  virtae  of  their  log 
separated  from  the  body  by  tissues  provided  for  that  purpose. 

JExcretian$, — Some  secretions  consist  mainly  of  substances  xmk 
ing  from  the  waste  of  the  tissues  coincident  with  their  nutrition « 
renewal,  and  which  are  thrown  off  from  the  blood  throu^  the  » 
creting  surfaces  almost  as  soon  as  the  capillaries  receive  them  bm 
the  tissues.  Such  are  the  urine,  and  portions  of  those  matters  wkid 
escape  in  the  form  of  faeces ;  and,  allied  to  these,  is  the  csrboiic 
acid,  which  is  eliminated,  without  the  intervention  of  a  true  atcn- 
ting  tissue,  directly  from  the  capillaries  of  the  lungs.  If  theie 
matters  were  retained,  they  would  accumulate  in  the  blood  wti 
tissues,  and  prove,  sooner  or  later,  incompatible  with  life ;  and  era 
a  simple  delay  or  retardation  in  the  process  of  their  remofsl,  ti 
whatever  cause  it  may  be  attributable,  must  be  attended  with  mn 
consequences  to  health.  It  is,  therefore,  impossible  to  over-estnsiti 
the  importance  of  distinguishing  these  products  from  other  seen* 
tions,  and  of  acquiring  the  habit  of  considering  them  under  mi 
common  head.  They  are  known  as  the  exeremeniitiaui  MeeretiMM^ 
or,  simply  as  excreiwn$. 

The  kidneys  are  organs  through  which  a  large  portion  of  tk 
blood  is  constantly  flowing,  and  in  which  the  general  mass  of  that 
fluid  becomes  so  far  purified  as  to  be  freed  from  certun  waste  as- 
terials  which  have  just  been  thrown  into  it  by  the  nouscular  and  other 
tissues.  The  blaod  which  leaves  the  kidneys,  though  rendered  Tesou 
by  the  nutrition  of  the  glandular  tissue  itself,  is  more  free  thu 
before  to  receive  the  refuse  of  the  other  parts.  Ilence  the  kidnejs 
must  be  regarded  as  a  depurating  organ,  subservient  to  the  functioM 
of  other  parts  of  the  frame.  To  prove  this,  it  is  only  necesssfj  to 
extirpate  the  kidneys  from  an  animal,  or  to  see  their  function  arrested 
by  disease :  in  either  case,  the  blood  and  tissues  become  more  ui 
more  loaded  by  the  urinary  matters  which  continue  to  be  formed  in 
tlie  body,  and  which  should  have  been  eliminated  as  soon  as  formed 
by  the  extirpated  or  diseased  organs.  So  essential,  indeed,  to  animal 
life,  is  this  excretion  of  nitrogenized  matters,  resulting  from  the  ^s*it 
of  the  nitrogenous  tissues,  that  it  may  be  safely  said  to  be  universallj 
present,  and  to  have  a  kidney,  or  analogous  organ,  assigned  to  lU 
wherever  animals  exist  having  an  arrangement  of  different  and 
mutually  dependent  parts,  on  such  a  scale  as  to  render  the  direct 
expulsion  of  the  waste  materials  at  the  points  where  they  are  forme'l 
impossible. 

The  principal  excretions  maybe  thus  enumerated:  1.  earhni^ 
acid  gasj  formed  by  the  action  of  the  oxygen  upon  carbon,  an  J 
separated  by  the  lungs;  its  accumulation  in  the  blood  is  very  rapiJlv 
fatal  to  life.  2.  Urea^  uric  acid  (in  herbivorous  animals  hipj'U^i^' 
acid),  kreatine,&T\(l  /creatinine:  all  nitroc^cnized  principles  of  definite 
composition,  resulting  principally  from  the  waste  of  the  tissues,  anJ 
elimmated  by  the  kidneys ;  their  retention  in  the  blood  is  soon,  but 
less  rapidly,  fatal.     3.  Various  saline  mattersy  separated  by  the  kill- 
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lieys  and  skin.  4.  Lactic  acid^  principally  by  the  skin.  5.  Cer- 
tain portions  of  the  hile^  already  considered  (see  p.  602),  by  the 
liTer.  To  these  may  be  added  sundry  constituents  of  the  fsoces, 
of  imperfectly  known  composition,  but  supposed  by  Liebig  to  be  im- 
perfectly oxidiied  matter,"^  escaping  by  the  mucous  lining  of  the 
intestinal  tract,  probably  by  the  tubes  of  Lieberkuhn  and  by  the 
■olitary  glands ;  and  lastly,  also,  whatever  substances  are  taken  in 
u  food  and  absorbed  into  the  blood,  but  which  fail  to  be  assimilated, 
either  from  their  being  superfluous  in  quantity,  or  incapable  of  serving 
may  purpose  in  the  economy. 

'  Secretumn  which  are  not  componed  of  ezcrementitious  9ub8tance$j 
mnd  which  serve  important  offices  in  the  economy. — Other  secretions 
(and  this  is  a  large  and  diversified  class)  do  not  consist  of  waste 
materials,  the  results  of  the  disintegration  of  the  tissues,  but  are 
thrown  off  in  certain  situations  where  they  are  to  perform  a  part 
weful  or  necessary  to  the  protection  or  preservation  of  other  organs, 
or  of  the  whole  body,  or  of  the  species.  Of  these,  speaking  generally, 
it  may  be  said  that  they  are  formed^  as  well  as  eliminated,  by  the 
aeveral  organs  which  furnish  them ;  that  they  retain  more  or  less 
fesemblance,  in  chemical  constitution,  to  the  food  and  the  nutritious 
parts  of  the  blood ;  and  that,  in  many  respects,  they  are  allied  to 
the  living  tissues  of  the  body  from  which  they  are  separated. 

The  highest  example  which  can  be  given  of  these  qualities  is  that 
of  the  male  and  female  elements,  the  semen  and  the  ova,  which  go 
to  form  the  new  being,  and  which  are  the  production  of  organs  es- 
ientially  secreting.  Here  the  secreted  matter  retains  its  organized 
form  and  its  living  properties,  which  latter  are  of  so  elevated  a 
character,  as  to  end  in  the  development  of  an  entire  organism  like 
that  which  has  furnished  the  secretion. 

Other  examples,  in  which  these  qualities  meet  less  decidedly,  are 
presented  by  the  milk,  and  by  some  of  those  secretions  which  have 
oeen  already  considered  under  the  head  of  the  digestive  function,  such 
as  the  saliva,  the  gastric  juice,  and  the  pancreatic  fluid.  These  are 
poured  out  to  mingle  with  the  food,  and  variously  to  facilitate  its 
entry  into  the  blood ;  and  there  can  be  no  doubt,  that  after  having 
dniy  effected  this  object,  they  become  in  a  considerable  measure 
themselves  reabsorbed  with  the  food,  so  as  to  be  further  serviceable 
for  a  time  in  the  ever-moving  circle  of  the  functions  of  vegetative 
life.  There  is  no  waste  here ;  and  we  may  suppose  that  they  d  >  not 
become  finally  expelled  until  they  have  been  reduced  to  forms  of 
combination  in  which  they  can  no  longer  minister  to  the  life  of  the 
tissues.  Such  secretions  are  conveniently  classed  together  as  recre- 
mentitiotis. 

But  it  would  be  an  error  to  suppose  that  all  matters  separated 
from  the  natural  surfaces  of  the  body  fall  exclusively  under  one  of 

*  The  feces  have  lately  been  subjected  to  chemical  inyestigationbjDr.  W.  Marcet, 
who  has  discovered  an  organic  crystalline  substance  of  an  alkaline  reaction,  to  which  he 
glres  the  name  of  Exeretine,  an  acid  oliTe-coloured  substance  of  a  fatty  nature,  Ex- 
imolie  acid,  and  a  fktty  acid,  having  the  properties  of  Margaric  add,  bat  not  con- 
■Cuitly  present — **  Proceedings  of  Uie  Royal  Sodety,"  toL  tu.  No.  6. 
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^ing  hoadB;  on  the  contrary,  it  happens  in  some  cutslirt 
)d  product  19  of  a  mixed  kind,  partly  excrement'iUoin  ■! 
Kretuentitlous — partly  rejected  as  needless  or  injoruM— 
P^rown  ofT  that  it  may  auhsequcntly  fulSl  a  useful  porptHil 
tM  ecoTtomy  of  the  individual  and  species.  Thus  the  bile  oooMI 
cennin  matters  which  are  expelled  with  the  excrements,  whiles  Im 
proportion  of  its  elements  is  reahsorbed  in  the  blood,  afur  tbn 
dsraniixture  with  the  chyme  in  the  intestines,  and  thus  fotnriia 
mtterial  for  the  production  of  animal  heat  in  respiration. 

The  chief  sccretiom  serving  an  ulterior  purpose,  and  which  HI 
thrown  out  with  that  object,  are  the  fallowing :  The  geomiiTt 
elements — the  milk,  the  salivary,  the  gastric,  pancreatic,  and  illid 
flnitls  ;  parts  of  the  biliary  fluid ;  the  mucut^  from  some  surface; :  tlie 
epidermis  and  its  appendages  from  the  skin ;  tbe  sebaceooi  as4 
odoriferous  matters  from  certain  glands;  the  tears. 

Water,  as  it  forms  a  neeesBary  part  of  tbe  living  frame,  anJ  il 
probably  in  constant  course  of  formation  wiihin  it,  and  u  rt  II, 
Miidea,  continually  received  in  large  quantities  as  food  and  drink, 
il  h  constant  ingredient  of  the  secretions,  being  ibrown  off  e*pMttllf 
by  the  lungs,  skin,  and  kidneys.  By  the  two  rormer  its  loot  ii 
determined,  in  a  great  degree,  by  simple  evaporation  into  theis- 
rounding  air ;  and  this  is  necessarily  influenced  much  by  tbe  hygre- 
netric  state  and  other  conditions  of  that  medium.  By  tlt«  lau«r, 
whose  office  is  complemental  of  that  of  tbe  preceding,  a  specut 
apparatus  is  furnished  for  draining  off  the  water,  while  this  Hoidil 
mftile  uaeful  in  extracting  the  ingredients  of  tbe  most  impartau  of 
the  excretions  from  the  surface  over  which  it  is  subsequently  auk 
to  flow. 

Viearioiu  Secretion — It  hu  been  remarked,  that  Utttm  ■  ft  Ml 
of  compenuting  aotioa  betweeo  the  skin  tnd  kid&^ji  in  Um  wnd 
condition  of  the  system,  dependent  upon  v»riatinM  in  tamfK^Ki 
and  other  oondttioDS.  A  similar  power  exiata,  in  m  man  VmMd 
extent,  in  other  Becreting  atmotures,  by  virtue  of  whieh  OM  WM 
may  take  upon  itself  tbe  work  of  another,  whose  healthy  fmcMi 
has  been  temporarily  suspended  or  impaired  by  disease.  Adrutaai 
is  taken  of  this  circumstance  in  the  treatment  of  kidney  diBeuM,n 
which  the  functions  of  those  organs  are  temporarily  or  pensKMith 
impaired.  In  each  cases,  the  removal  of  the  urinary  coostitDeDli  a 
promoted  through  the  skin,  or  from  tbe  inteatioa]  tnbe,  bygiviH 
purgative  medicines,  and  by  promoting  secretions.  The  excretioa  « 
biliary  matter  in  tbe  urine  in  cases  of  jaundice,  and  the  sepantiia 
of  the  menstrual  fluid  from  tbe  mucous  membrane  of  the  InngiV 
stomach,  are  familiar  examples  of  this  vicarious  action.  Very  nuM- 
rous  cases  of  metastasis  of  the  urinary  secretion  are  on  reeord;  mJ 
elements  of  tbe  urine  have  been  met  with  in  vomit,  in  the  stooli^il 
tbe  tears,  and  secretions  of  the  ears  and  nose ;  in  the  milk,  and  npO 
the  cutaneous  surface  generally,  particularly  about  the  navel. 

If  the  kidneys  of  an  animal  be  extirpated,  the  elements  of  Al 
nrine  may  be  detected  in  many  situations  in  which  they  aT«  not  IM^ 
Daily  present.    Id  disease,  when  tbe  fanctions  of  the  kidoeya  in 
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impaired,  it  is  not  nncominon  for  the  elements  of  the  urine  to 

iff  from  the  stomach  by  vomiting. 

festa  and  Ilgesta. — It  is  obvious,  that  if  the  weight  of  the  body 

ns  the  same,  the  quantity  of  matter  removed  by  the  different 

;ory  channels  will  exactly  correspond  to  the  ingesta,  although 

Tangement  of  the  elements  will  be  changed. 

3  proportion  in  which  the  different  elements  entering  into  the 

>sition  of  the  food  are  removed  by  the  various  secreting  organs 

wn  in  the  following  table,  the  result  of  some  excellent  experi- 

•  of  M.  Barral : 


Ingested 

ti  Food. 

Bzereted. 

fa  Urine. 

In  Faoee. 

Bj  Lang*  and  Skin, 

•          • 

21,770-4  gn. 

1060-7 

798-8 

19,911-4 

m 

•          • 

1,649-0 

766-6 

1420 

760*4 

len 

•          • 

8,370  6 

2181 

122-0 

8,086  6 

I 

•          • 

16,446-7 

668-6 

467-8 

16,416-8 

48,286-7 


2,694-0 


1,6801 


89,112-6 


)  quantity  of  water  removed  from  the  body  was  usually  one- 
>r  one-sixth  more  than  that  taken  in,  showing  that  water  is 

produced  in  the  organism. 

neral  View  of  the  Anatomical  Plan  of  Secreting  Organs, — We 
said  that  the  secreting  tissues  are  arranged  in  such  a  manner 
)  body  as  to  have  an  external  anatomical  position,  so  as  to  be 
0  set  free  the  secreted  product  when  formed.  Some  Qrgans  of 
:tly  secreting  kind,  pour  their  material  directly  into  the  blood. 
)ear8  most  reasopable  to  regard  the  whole  lymphatic  system  as 
paratus  of  this  description,  calculated  not  merely  to  restore  to 
irculating  current  the  superfluous  or  altered  plasma,  thrown  by 
.pillaries  into  the  interstices  of  the  tissues,  but  destined  by  its 
ular  parts  especially  to  act  on  the  passing  fluid,  and  to  pour 
t  additional  secreted  matters,  which  pass  by  the  efferent  vessels 
nd  with  the  general  mass  of  blood.  The  inner  surface  of  the 
latic  vessels  is  here  the  external  free  surface,  to  which  we  refer 
.t  from  which  the  secretion  is  liberated."^ 
ain,  there  are  other  organs,  viz.,  the  synovial  and  serous 
ranes,  which  are  usually  and  correctly  classed  as  secreting 
8.  They  have  been  already  described  (p.  126).  The  fluid  they 
e  seems  furnished  for  the  purpose  of  lubricating  their  surface, 
to  facilitate  motion.  It,  consequently,  does  not  leave  the  sur- 
n  which  it  becomes  free,  but  remains  in  contact  with  it,  and 
mdergoes  the  same  slow  renewal  and  absorption,  as  all  other 

and  fluids  with  which  blood  in  motion  is  brought  into  close 
;nity.  We  have  no  reason  to  suppose  that  the  effusions  on  these 
tea  suffer  much  deterioration  by  their  continued  contact.  They 
r  to  differ  but  slightly  from  the  serum  of  the  blood,  contain 
me  saline  matters  in  solution,  and  in  nearly  the  same  propor- 
The  epithelium  of  these  surfaces  is  no  doubt  concerned  in 


lis  Tiew  results  fh)m  Professor  Goodsir's  anatomioal  researches,  and  from  con- 
oos  which  have  been  ably  stated  bjr  Dr.  Carpenter. — See  aii/e,  p.  616. 
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furnishing  these  fluids,  but  exerts  little  catalytic  power  over 
liquor  sanguinis,  which,  consequently,  is  little  altered  by  being 
secreted.  Mr.  Rainey  has  well  pointed  out  that  the  epitheliam  in 
certain  situations  is  developed  in  a  particular  manner  upon  the  pro- 
jecting folds  and  fringes  of  synovial  membrane,  known  as  glanda  of 
Havers ;  and  has  shown  it  to  be  probable  that  the  viscid  synovin 
owes  its  origin  chiefly  to  the  surface  of  these  parts.  He  has  foul 
this  disposition  not  only  in  the  joints,  but  also  in  the  sheaths  of  to* 
dons,  and  in  the  bursse  mucosae. "^ 

But,  dismissing  these  structures,  we  arrive  at  that  great  system 
of  parts,  which  we  have  before  designated  the  mucous  system,  in- 
cluding, under  one  common  title,  the  skin,  mucous  membranes,  and 
true  glands  ;  the  term  true  glands^  meaning  those  which,  by  a  doct, 
or  otherwise,  pour  their  secretion  on  the  external  surface,  and  not 
into  the  blood.  For  a  summary  account  of  the  tissues  forming  thii 
order  of  parts,  the  note  at  p.  522  of  the  present  volume  should  be 
referred  to.  The  skin,  and  most  of  the  great  regions  of  the  mucoH 
membranes,  together  with  some  of  the  glands,  have  been  already 
minutely  described  in  different  parts  of  the  preceding  pages ;  and  it 
now  only  remains,  before  passing  to  a  description,  in  detail,  of  th« 
great  remaining  glands,  to  offer  some  observations  on  the  genenl 
plan  or  scheme  of  structure,  discoverable  in  these  special  organs  of 
secretion. 

Between  skin,  mucous  membranes,  and  glands,  there  exists  every 
gradation  of  structure,  by  which  one  can  be  conceived  to  pass  into 
the  other.  They  are  modifications  of  a  common  type.  The  two 
former  arc  secreting  organs,  in  an  expanded  form,  sometimes  pr^ 
scnting  glandular  involutions  in  their  thickness.  But,  in  propor- 
tion as  the  glands  difier  from  mere  membranes,  we  find  them  assum- 
ing a  more  solid  form,  gathered  up,  as  it  were,  into  a  more  compact 
mass,  in  which  are  to  be  still  recognized  all  the  elements  of  the  simple 
membrane  in  their  true  relative  positions — the  free  surface  being 
still  the  free  surface,  though  now  forming,  it  may  be  the  lining  of 
ducts,  and  composing  the  internal  tubular,  or  follicular  rece.<5i-s  of 
the  solid  organ — and  the  deep,  or  vascular  surface  preserving  tlie 
same  relation  as  before  to  bloodvessels,  lymphatics,  nerves,  or  areo- 
lar tissue,  under  its  various  modifications.  In  particular  the  epithe- 
lium, or  proper  glandular  tissue,  remains  capable  by  its  anatomical 
position  in  regard  to  the  external  surface,  to  discharge  its  product 
on  that  surface.  Thus  the  epithelium  of  the  parotid  gland,  the 
liver,  or  the  kidney,  has  such  a  relation  to  the  remote  parts  of  the 
excretory  ducts  of  those  organs,  as  that  the  secretion,  resulting  from 
the  mutual  action  of  that  tissue  and  the  blood,  is  set  free  into  th"'« 
cliannels,  which  are  in  reality,  continuations  of  the  integument,  anl 
therefore,  in  one  sense,  portions  of  the  external  surface  of  the  hodj. 

It  will  be  readily  seen  how  close  and  intimate  must  be,  in  all  casi?, 
the  proximity  of  the  glandular  epithelium  to  the  ducts.  In  fact,  ia 
many  instances,  the  epithelium  of  the  ducts  is  beyond  doubt  the 
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■tereting  tissae,  and  the  gland  is  a  congeries  of  finely  dinded  pas- 
wge§,  or  dncU,  whose  epitheliam  (though  in  a  modified  form)  is 
directly  eoDtinuoua  with  that  of  the  onter  snrface,  on  which  the 
doct  opens.  This,  for  example,  is  the  case  in  the  sweat  glands, 
IB  the  sebaoeons  glands,  already  described  (pp.  868,  869,),  and  in 
the  kidney.  But  in  other  instances,  whether  owing  to  the  form 
■named  by  the  terminal  extremities  of  the  dact,  or  to  an  actnat 
(Ufference  in  the  arrangement  of  the  gisndnlar  epitheliam,  the 
greatest  difficalty  exists  in  determining  the  exact  nature  of  the 
anatomical  relation  of  the  glandular  and  ductal  epithelium,  and  of 
awertaining  whether  they  arc  continuous  at  all  times  or  only  at  cer- 
tain periods  when  the  secretion  is  discharged.  For  example,  in  the 
salivary  glands,  the  pancreas,  and  some  others,  the  terminal  parts 
of  the  gland  are  vesicular,  while  the  ducts  are  tubular.  Vesicular 
tmninations  of  the  ducts  may  be  rendered  apparent  by  mercurial 
injection ;  but  it  is  by  no  means  easy  to  demonstrate  the  permanent 
continuity  of  the  epithelium  lining  or  filling  these  vesicles  with  that 
which  lines  the  ducts. 

It  is  probable  that  moat  or  all  gland  follicles  were  originally  closed 
Tflaiclea.  This  has  been  shown  by  Dr.  Allen  Thompson  to  be  the 
ease  in  the  early  condition  of  the  gastric  glands ;  and  Henle  applies 
this  view  to  other  gland-structures.  In  his  beautiful  investigations 
npon  the  testicle  of  Squalus  Cornubicus,  Professor  Goodsir  has 
shown  that  the  primary  or  mother  cells  are  developed  by  the  growth 
of  iaolated  nucleated  cells  attached  to  the  side 
of  the  duct.  These  cells  grow  and  become  the 
fntare  acini,  being  connected  with  this  duct 
by  a  hollow  pedicle ;  in  their  interior,  second- 
ary cells,  in  which  the  epermatoioa  are  deve- 
loped, appear.  Still  the  mother  cell  is  a 
elosed  cavity,  and  separated  from  the  duct  by 
its  original  wall.  At  length  it  gives  way 
at  this  point  and  discharges  its  progeny  of 
oells,  containing  spermatozoa,  into  the  duet. 
The  follicles  then  appear  to  become  atrophied. 
There  is  another  class  of  gland-stmotores  in 
vhich,  according  to  this  view,  the  mother  cell 
mnains  persistent  after  it  has  discharged  its 
first  progeny  of  cells,  and  continues  to  pro- 
duce successive  generations  of  cells ;  the  deve- 
lopment of  theae  cells  commencing  at  the 
cvcal  extremity  of  the  follicle.  The  point  at 
which  they  originate  is  looked  upon  by  Pro- 
feSBor  Goodsir  as  the  persistent  nucleus  of 
the  original  parent  cell ;  and  it  is  termed  by 
him,  the  "germinal  centre."  Although  it  is 
floarcely  possible  to  demonstrate  the  existence 
of  this  germinal  centre  in  the  gland-follicle, 
there  are  many  instances  in  which  this  view 
oertunlj  appears   to  be   borne  out   by   the 
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strnctnre  of  the  part  when  snbjected  to  a  careful  microscopicftl  a- 
amination.  In  the  accompanying  drawing  of  one  of  the  csecal  toba 
of  the  liver  of  the  craj-fish  {a$tacus  affiniM\  after  Leidy,  the  gradul 
transition  from  the  granular  matter  at  the  bottom  of  the  follicle  to 
the  perfectly  formed  cells  which  are  being  discharged  from  its  m- 
mit  is  well  seen. 

In  the  glandules  of  Peyer,  already  described  (ante^  p.  581),  it 
would  seem  that  yesicles  form  underneath,  but  in  immediate  cn- 
tiguity  with,  the  mucous  membrane,  and,  becoming  filled  with  glandi- 
lar  contents,  having  the  nature  of  nuclei,  exhibit  a  great  pronencM 
to  burst,  and  liberate  their  contents,  perhaps  periodically,  on  tke 
free  surface  of  the  membrane.  The  ova,  too,  are  very  geoenllj 
elaborated  in  the  first  instance  in  a  matrix,  or  stroma,  placed  beneitb, 
and  not  upon,  the  surface  from  which  they  are  to  be  dischargei 
But  notwithstanding  these  difiierences,  which  will  be  further  cqb« 
sidered,  it  must  be  borne  in  mind  that  the  gland-cella,  or  secretiBg 
elements,  in  the  true  glands,  are  always  so  placed  aa  to  be  aUe  to 
discharge  themselves  or  their  products  on  the  outer  surface. 

Of  the  Gland- Cell — The  gland-oells  select  and  separate  from  Ae 
blood  the  substances  which  form  their  secreted  product.  These  ele* 
ments  form,  in  fact,  in  a  certain  sense,  a  part  of  the  food  or  pabahm 
of  these  secreting  cells,  which  is  set  free  when  the  cell  has  arriTcd 
at  maturity,  either  by  its  rupture  or  by  its  complete  detachment  fnm 
the  surface  upon  which  it  has  grown,  or,  as  occurs  in  other  instanen 
merely  by  transudation  through  its  walls  upon  one  side^  while  nev 
matter  is  supplied  to  it  from  the  plasma  upon  the  other.  Thus  tbe 
function  of  secretion  bears  a  certain  analogy  to  nutrition.  The 
cells  in  both  processes  select  from  the  blood  certain  elements  adapted 
for  their  growth ;  but  in  secretion,  these  separate  products,  after 
having  probably  undergone  some  changes  in  the  cell,  are  destined 
soon  to  be  cast  ofi*,  and  no  longer  form  an  integral  part  of  the  orgia- 
ism ;  while,  in  nutrition,  these  elements  serve  to  keep  up  the  int^ 
grity  of  the  structure  by  which  they  have  been  appropriated.  It 
may  be  remarked  that  the  period  of  existence  of  the  secreting  cell, 
or  the  length  of  its  life,  varies  considerably  in  different  orgaos. 
Sometimes  a  very  short  time  is  sufficient  for  its  development,  growth 
and  decay,  while  in  other  instances,  it  may  persist  for  a  long  period 
of  time.  Some  of  the  most  important  modifications  of  secreting 
cells  will  be  described  under  the  head  of  the  glands,  into  the  com- 
position of  which  they  enter. 

Of  the  Ducts  of  Glands. — Ducts  are  tubular,  usually  branche<l 
passages,  forming  continuations  between  the  secreting  tissue  of  tbe 
glands  and  the  surface  of  skin,  or  mucous  membrane,  on  which 
the  secretion  is  eventually  poured.  They  are  a  contrivance  bj 
which  a  large  mass  of  secreting  tissue,  packed  in  a  small  solid  space, 
can  discharge  its  product  at  a  given  point.  They  often  present 
dilatations,  wherein  the  secretion  may  be  delayed  for  a  time,  aD<l 
where,  in  many  instances,  it  may  undergo  changes;  and  they  verr 
commonly  contain  a  layer  of  unstriped  muscle  in  their  walls,  bv 
whose  agency  their  contents  are  propelled  in  the  proper  directioD, 
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against  gravity.  This  contractile  tissue  is  sometimes  developed 
teir  orifice  into  a  sphincter  muscle.  It  is  only  the  minuter 
Is  vhich  open  directly  on  a  surface  {e.  jr.,  those  of  Lieberkiihn 
rew,  in  the  intestinal  mucous  membrane),  which  are  without  a 

le  walls  of  ducts  present  most  internally,  an  epithelium  and 
aent  tissue,  continuous  with  those  of  the  skin  or  mucous  mem- 
).  Outside,  there  are  (when  present)  the  muscular  coat  and 
ireolar  tissue,  which  is  prolonged  upon  their  exterior  in  a 
Sed  form.    Bloodvessels  and  nerves  ramify  upon  and  within  the 

*  coats.  We  owe  the  best  description  of  the  anatomy  of  ducts 
Bnle. 

e  epithelium  may  vary  from  the  scaly  to  the  columnar  or  gland- 
variety,  and  it  is  sometimes  ciliated.  The  most  common  is  the 
inar,  particularly  in  large  ducts.  In  immediate  connection  with 
roper  mucous  tissue,  comes  the  muscular  element,  arranged  in 
ets  of  fibres,  one  longitudinal,  the  other  circular,  of  which  the 

*  can  usually  be  seen  to  be  the  more  internal.  The  fibrous  ele- 
s  are  commonly  nucleated,  and  resemble  those  of  the  muscular 
of  bloodvessels ;  then  follows  areolar  tissue,  forming  an  outer 
together  with  bloodvessels  and  nerves.  The  areolar  coat  gives 
^h,  toughness,  and  elasticity  to  the  duct ;  the  bloodvessels  servo 
»  nourishment,  and  the  nerves  supply  its  muscular  coat,  and 
w  it  with  a  peculiar  sensibility,  which,  under  particular  circum- 
es  of  pressure  or  detention  (as  in  the  passage  of  a  biliary  or 
ry  calculus),  may  rise  to  the  height  of  the  most  exquisite  pain, 
ing  fearfully  on  the  whole  nervous  system. 

e  smaller  ducts  very  generally  are  without  muscular  parietes, 
ire  reduced  to  a  homogeneous  basement  membrane,  lined  with 
alinm.  Indeed,  there  is  reason  to  believe  that,  in  some  eases, 
*rj  smallest  consist  either  of  simple  epithelium  or  of  mere  base- 
tissue.  The  lobular  passages  of  the  lungs  are  an  example  of 
atter  constitution. 

is  not  diflBcult  to  prove  that  the  larger  ducts  are  muscular. 
f  for  example,  the  ureter.  Open  a  small  animal,  just  killed  for 
(urpose,  and  this  canal  will  be  seen  to  present  occasional  peris- 
contractions,  passing  rapidly  from  the  kidney  to  the  bladder, 
I  may  be  easily  excited  by  a  mechanical  or  galvanic  irritation, 
yy  do  not  appear  spontaneously.  Besides  this  peristalsis,  they 
ibtedly  undergo,  like  the  bloodvessels,  a  slow  and  uniform  dila- 
I  and  narrowing,  according  to  the  bulk  of  their  contents  or 
conditions. 

some  of  those  dilatations  of  the  gland-ducts,  which  are  provided 
temporary  reception  of  the  secretion,  such  as  the  urinary  blad- 
nd  the  vesiculse  seminales,  the  muscular  coat  attains  such  a 
lesB  as  to  allow  of  being  readily  shown.  The  muscularity  of 
oats  of  the  urethra  was  demonstrated,  for  the  first  time,  some 
ago,  by  Mr.  Hancock.  In  the  gall-bladder,  muscle  is  certainly 
Hfei  to  a  far  less  extent;  but  even  here,  Dr.  O.  H.  Meyer 
that,  by  meana  of  a  powerful  galvanic  battery,  he  has  caused 
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ihis  receptacle  in  the  ox  to  contract,  so  as  to  diminish  its  ciptdtj 
one-foarth.  The  Fallopian  tabes,  ntems,  and  vagina,  are  pirti 
rightly  falling  onder  the  head  of  gland-dacts,  thongh  wonderfbllj 
modified  in  accordance  with  the  functions  they  have  to  perfonn. 
The  uterus  in  particular,  under  the  condition  of  pregnancy,  olen 
an  example  of  the  highest  development  of  the  involuntary  or 
unstriped  muscular  fibre-cells  anywhere  met  with. 

We  shall  now  proceed  with  a  description  of  those  glands  wluek 
have  not  yet  been  treated  of.  Of  those  pertaining  to  the  alimentarj 
canal,  the  salivary  glands  and  their  secretion  (p.  539),  and  tbe 
secretion  of  the  pancreas  (p.  592)  and  the  liver  (p.  600),  bare 
been  already  spoken  of,  and  the  structure  only  of  the  two  latter 
remains  to  be  considered.  The  kidneys  and  their  secretion  will  fol* 
low;  and  we  shall  defer  the  consideration  of  the  glands  relating  lo 
the  reproductive  function  to  the  chapters  devoted  to  that  snbJML 
Such  are  the  ovaries,  the  testes,  the  prostate,  Cowper'a  glands,  the 
mammss. 

The  following  works  may  be  consulted  upon  the  subject  of  seeretion:  ArticH 
«  Secretion"  and  **  Macous  Membrane,"  in  the  Cyclopcedia  of  Anatomjr  and  Phja^ 
logy;  "Anatomical  and  Pathological  Observations,"  Professor  Goodsir,  ISIo;  **Ln- 
tures  on  Nutrition,"  Professor  Paget;  Medical  Gaiette,  1S47 ;  Principles  of  Hums 
Physiology,"  Dr.  Carpenter. 


CHAPTER  XXXIII. 

SECRETING  GLANDS. — OF  THE  PANCREAS. — OF  THE  LIVER. THE  LIVM 

IN    INVERTEBRATA. — LOBULES  OF  THE  LIVER. PORTAL  CANALS.— 

PORTAL  VEIN. — HEPATIC  ARTERY. — HEPATIC  DUCT. GALL  BLADDEH. 

— HEPATIC  VEIN. — NERVES  AND  LYMPHATICS. — LIVER  CELLS.— OP 
THE  CONNECTION  OF  THE  SMALLEST  DUCTS  WITH  THE  LIVER  CELLS. 
— OF  THE  PASSAGE  OF  THE  BILE  INTO  THE  DUCTS. OF  THE  QUAN- 
TITY AND  USES  OF  THE  BILE. 

Of  the  Pancreas, — This  is  a  large  gland,  placed  across  the  spine, 
beliind  the  stomach,  in  physiological  relation  with  the  duodenum  or 
the  first  portion  of  the  intestine.  It  is  flattened  from  before  back- 
wards. Its  left  extremity,  or  tail,  tapers  off  towards  the  spleen ;  its 
right  extremity,  or  head^  is  much  larger,  lying  close  within  the  curve 
of  the  duodenum,  and  presenting  a  recurved  extremity  following  the 
lower  portion  of  that  intestine,  and  sometimes  termed  the  lesser  pan- 
creas. The  ordinary  weight  of  the  pancreas,  according  to  Cruveil- 
hier,  is  from  2  to  2J  ounces,  but  may  rise  to  6  ounces.  Its  colonr 
is  gray,  inclining  to  pink. 

The  pancreas,  like  the  salivary  glands,  is  imbedded  in  areola 
tissue,  and  receives  its  blood  from  several  neighbouring  vessels.  Iw 
arteries  are  derived  from   the  splenic  and  hepatic  branches  of  ih< 
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ooaliac  axis,  and  from  the  superior  mesenteric.  The  blood  is  re- 
timed by  the  corresponding  veins  into  the  yena  porta.  Its  nerves 
oone  from  the  solar  plexus. 

In  structare,  the  pancreas  appears  to  resemble  the  salivary  glands. 
It  18  subdivided  into  lobules  separated  by  septa  of  areolar  tissue,  which 
dip  inwards  from  that  which  forms  a  common  envelop  to  the  whole 
riand.  The  lobules  are  subdivided  into  smaller  parts  by  similar, 
oQt  less  complete  and  more  delicate  inflections  of  the  areolar  tissue ; 
and  these  minute  ultimate  granulations  or  acini  of  the  gland,  corre- 
ipond  to  the  terminal  extremities  of  the  common  duct.  The  excre- 
tory duct  is  concealed  within  the  substance  of  the  gland,  and  takes 
a  course  from  the  left  to  the  right  extremity,  receiving  very  nume- 
roiis  tributaries  on  its  way,  and  thus  increasing  in  size,  till  it  joins 
tbe  common  bile  duct,  close  to  its  entrance  into  the  duodenum.  At 
ita  termination  it  is  as  large  as  a  crow-quill.  Its  coats  are  thin  and 
extensible,  its  internal  surface  smooth.  It  frequently  happens  that 
the  duct  belonging  to  the  lower  end  of  the  curved  portion  or  lesser  pan- 
creas opens  separately  into  the  intestine.  In  the  rabbit  the  pancreatic 
doct  opens  by  a  separate  orifice,  sixteen  or  seventeen  inches  lower 
down  the  intestine  than  the  bile  duct  (p.  595). 

It  is  not  diflScult  to  inject  the  duct,  and  through  it  the  ultimate 
accreting  structure  of  the  pancreas,  with  mercury.  This  may  be 
beet  done  in  some  of  the  smaller  mammalia,  where  the  glandular 
ticBue  is  disseminated  in  lamellated  grains  between  the  layers  of  the 
mesentery,  and  where  consequently  the  ramifications  of  the  duct  are 
naturally  spread  out  towards  the  ultimate  acini.  The  metal  easily 
penetrates  to  these  parts,  and  appears  in  the  form  of  clusters  of 
minute  globules,  having  an  average  diameter  of  ^J^^  of  an  inch. 
These  indicate,  with  probable  truth,  the  terminal  vesicles  in  which 
the  duct  ends,  and  which  are  lined  with  the  epithelium,  or  true 
accreting  tissue,  continuous  with  that  of  the  duct. 

The  vesicular  terminations  lie  in  the  meshes  of  the  capillary  net- 
work, as  is  the  case  with  the  follicles  of  the  salivary,  and  other  con- 
glomerate glands. 

The  secreting  cells  are  more  or  less  spheroidal  in  form,  and  vary 
somewhat  in  character  according  to  their  age.  The  mature  cells  are 
about  the  y^oi^  of  an  inch  in  diameter,  and  are  opaque,  in  conse- 
quence of  being  filled  with  numerous  minute  oil  globules.  The  young 
cellB  are  smaller  than  these,  and  are  not  so  opaque. 

The  epithelium  in  the  large  ducts  is  of  the  columnar  variety. 
Ibe  wall  of  the  duct  appears  to  be  composed  of  fibrous  tissue,  m 
vbich  elongated  nuclei  make  their  appearance  upon  the  addition  of 
acetic  acid.  The  secretion  of  the  pancreas  has  been  described  in 
Obapter  XXV.,  p.  598. 

Liter. — The  liver  is  a  large  solid  glandular  organ,  of  firm  consist- 
ence, of  a  dark  reddish-brown  colour.  It  measures  about  twelve 
inches  from  side  to  side,  and  six  or  seven  inches  from  its  anterior  to 
ite  posterior  border.  According  to  the  observations  of  Krause,  the 
balk  of  the  liver  corresponds  to  about  eighty-eight  cubic  inches ;  its 
veight  is  between  three  and  four  pounds,  and  m  the  adult  usually 
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amounts  to  about  l-36th  of  the  weight  of  the  whole  body ;  bat  intbe 
foetus  it  is  comparatively  much  larger.  The  female  liver  vei^ 
somewhat  less  than  that  of  the  male.  The  specific  gravity  of  the 
liver  is  about  1*05  in  health. 

The  following  is  an  analysis  by  Prof.  Beale  of  a  liver,  presumed 
to  be  healthy.  The  organ  was  taken  from  the  body  of  a  man  thirty- 
one  years  of  age,  who  was  killed  by  falling  from  a  second-flow 
window,  while  in  the  enjoyment  of  perfect  health. 


IWcT 

SoUdlhttcr. 

Water 68  68 

Solid  matter 81-42 

Fatty  matter 8-82  12-16 

Albumen 4*67  14-6C 

Extractive  matter 5-40  17-18 

Alkaline  salts 1-17  8-72 

Vessels,  etc.,  insoluble  in  water       .        .        .  16-08  61*01 

Earthy  salts '88  1-05 

100-00 

In  disease,  the  proportion  of  these  constituents  is  liable  to  Ter; 
great  variation.  In  fatty  degeneration,  an  enormous  amount  of  fsttj 
matter  may  accumulate  in  the  organ.  In  one  remarkable  case,  tna- 
lyzed  by  Dr.  Beale,  the  liver  contained  75.07  per  cent,  of  solid 
matter,  and  of  this  65.19  consisted  of  fatty  matter.*  In  scrofnlou 
degeneration  of  the  liver  the  albuminous  materials  and  the  water  are 
increased,  while  the  fatty  matter  is  diminished  in  quantity. 

The  liver  is  situated  in  the  right  hypochondrium,  and  reaches  over 
to  the  left,  being  thick  and  indented  behind  where  it  crosses  the  pro- 
jecting bodies  of  the  vertebrae,  convex  on  its  upper  surface  where  it 
lies  in  the  hollow  of  the  diaphragm,  and  concave  below  where  it  rests 
against  the  stomach,  colon,  and  right  kidney.  It  is  covered  to  » 
great  extent  by  the  peritoneum,  the  reflexions  of  which  on  to  neigb- 
bouring  parts,  serve  as  ligaments  to  bind  it  in  place,  as  well  as  to 
allow  of  the  entrance  and  exit  of  the  nerves  and  vessels,  some  of  the 
latter  being  sufficiently  large  and  strong  to  aid  materially  in  the 
mechanical  support  of  the  organ. 

The  liver  is  an  unsymmetrical  organ.  In  the  foetus,  it  is  situate-l 
more  equally  on  each  side  of  the  median  line  of  the  trunk ;  but  in  the 
adult  the  right  side  enormously  preponderates,  by  the  wasting  or  want 
of  development  of  the  left.  It  is  still,  however,  divisible  into  a  right 
and  left  lobe  by  the  broad  peritoneal  ligament  above,  and  by  the 
longitudinal  fissure  beneath,  both  of  these  commencing  in  front  by  a 
notch  in  the  border,  across  which  passes,  between  the  layers  of  the 
broad  ligament,  the  cord-like  remnant  of  the  umbilical  vein,  and  both 
tending  towards  the  notch  in  the  posterior  border  which  lodges  the 
vena  cava ;  these  divisions,  however,  are  both  of  them  on  the  surfaw 
only,  and  are  rather  vestiges  of  the  imperfect  conditions  of  foetal  ex- 
istence than  of  value  in  the  study  of  the  physiological  anatomy  of 
the  gland. 

•  Diseases  of  the  Liver.     Dr.  Budd.     Second  edition,  1852. 
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Od  the  under  surface  of  the  liver,  is  obBerved  a  groove  passing  off 
rom  the  longitudinal  fissure,  transversely,  for  a  certain  distanco,  oa 
Jie  surface  of  the  right  lobe,  and  lodging  the  biliary  ducts,  the  sinna 
if  the  vena  porta,  the  hepatic  artery,  with  lymphatics  and  nerves, 
Jl  enveloped  in  areolar  tissue,  called  the  capsule  of  Glissou,  and 
■rought  to  this  tran»ver»e  JUsure  between  the  layers  of  the  gastro- 
lepatic  omentum.  From  this  groove,  there  extends  throughout  the 
nbatsDce  of  the  organ  a  series  of  tubular  passages,  so  numerously 
minified  and  uniformly  distributed,  that  no  part  whatever  of  the  he- 
latic  substance  is  at  a  greater  distance  from  them  than  about  the 
hirtieth  of  an  inch.  These  are  called  the  portal  canaU  (fig.  216), 
<o  named  by  Mr.  Kiernan,  because  they  lodge  the  branchee  of  the 
wriai  vein,  from  which  the  plenus  of  capillaries  surrounding  the 
liliary-cells  takes  origin.  The  portal  canals  also  lodge  the  bile- 
tnots,  which  are  thua  conducted  to  that  aspect  of  the  mass  of  bile- 
wlk,  where  the  capillary  plexus  commeDcee.  The  same  canals  also 
mnvey  the  hepatic  artery  with  the  lymphatics  and  nerves  of  the 
iver. 

On  the  posterior  border  of  the  liver  already  referred  to,  is  a  deep 
mwve  placed  obliquely,  the  figture  for  the  it^erior  vena  cava;  from 
Uiia  there  penetrate  the  substance  of  the 
organ,  another  series  of  ramified  tubular  ^'v-  318. 

DMsagea,  which  are  completely  occupied 
by  B  nearly  corresponding  namber  of 
twanches  of  the  hepatic  veiru,  or  vena 
cava  h^atica,  which  open  into  the  vena 
nvB.  These  canals,  called  by  the  same 
distinguished  anatomist,  hepatic  venous 
emuUt,  are  so  distributed  throughout  the 
organ  that  some  part  of  them  comes  within 
^  of  an  inch  of  every  portion  of  its  sub- 
stance, and  they  are  intermediate  to  the 
nunificatioDs  of  the  portal  vein.  The 
Imms  of  the  lobules  adhere  to  these  veins, 
and  when  they  are  cut  across  they  do  not 
eoUapse.     The  hepatic  veins  occupying   \ 

these  canals,  throughout  the  organ,  re-  bnntiiM.  a  umitiiBii  or  u*  toio. 
enve  the  blood  of  the  portal  vein  after  it  \em<^  "ij  xr  K^rnim,  "i!giD!^ 
baa  traversed  the  plexus  of  capillaries  pJtT/S^ry!"  "'p""  *""■  *■  ■** 
which  envelops  the  series  of  biliary-cells. 

This  plexns  of  capillaries  we  therefore  term  the  portal-hrpatic  plezui. 
It  is  s  plexns  containing  venous  blood,  from  which  the  bile-cells 
daiive  the  materials  which  they  secrete.  The  space  which  the  blood 
passes  over  in  traversing  this  plexus,  in  contiguity  to  the  cells,  is 
measured  by  the  distance  between  the  ramified  portal  turfaee  and 
the  ramified  hepatic  venoat  turfaee  of  the  liver.  The  series  of  bile- 
oells  discharge  >  the  bile  into  the  biliary  ducts  on  the  portal  side  of 
the  plexus,  I.e..  where  the  blood  is  entering  it,  and  their  most  remote 
parts  commence  on  the  hepatic  venous  side  of  it,  t.  e.,  where  the 


blood  is  Ipaving  it,  bo  that  the  blood  circulates  in  the  reverse  (lim> 
tion  to  that  io  vhich  the  bile  mngt  flow. 


llomitn  llTiM-  in  which  thr  |hirl*l  «Hn  (rfl  hil  hrisB  Injrctrd  whlw,  tha  wttrr  M  id.  iiJ  -it 
hi-pmiir  irrlBlriliikv:A»n  tliamrnien.  Muallrd  13  diau-tcni.  Tbe  apUlniy  plnw  bialfdn-- 
lu  ■  R'lr  jitiicv*.    «.  l»i>rilnBiif|*inii1  liiTiiil'pt''>in".    b.  Ponilhi-pitic  plrsuincpiTtuutut-n. 

,..,n;ilrl>iiil>.  'f.  Itniurl„'-»r  Ik"  1M.ml  ii'in.  ..  One  of  Ih.-  l.ri.urliM  uf  111,  uwtj-.Vv^.-  ■ 
hi.^h^W^"  ■""""""  '"l-"!'""    ""■>""      'li^f*   '■^  «■"    »  f"   "nl      "Pl  BfTpim. 

TVit  J,!itr  in  [nrtrtrhrala. — Tho  \vtn  ja  on«  of  tbe  most  conitant  glwtdaUr  orpE', 
beiiiic  met  witli,  in  sumv  fiTin.  iii  nil  aiiimnU  [irnviiled  wilh  ft  digeativc  CKTitj.    la  tb; 
C'.loureii  cells  ronnJ  llie  stomach.     In  nj:; 
c  wen  surrnuiidiiig  ihc  civcal  pR)l<Mip*Ti< u if 
Hie  ilipi-Kt'iTii  UHTit.r.     In  tlic  KkIih  (one  uf  the  nuilil'mnchinte  gftstcropmlaus  iib'>Uii<i! 

a  s uirliiit  idinilar  umnceuieiit  in  obncrml,  tlie  follicles  uf  the  alimeatar;'  lube  l«h>; 

prnliiiijiol  inlu  the  ]m])illii-,  OTetiiig  the  A\<r>a\  i>urfBcc  uf  llic  uniuial.  In  uiihI  i-:!.'^ 
mallu:ikt,  liciirvTer.  tlie  lircr  (-xiHtn  iia  n  Jii<tinrt  aTfa.ii.  and  is  coniposeil  at  hn[.,-fafl 
foUiule!!,  iHTsnj(o<]  niuuil  tcnniiml  ilncta.  The  rutliolca  coiitain  coloured  celis.  in  vL-ifi 
oil  t;liiiiule9  lire  ufleu  present  In  oiiisiilcnblu  uumbi-r.  Id  manj  of  the  rrun-ani.  tht 
liTcr  is  ilclnehcil  from  Ilit  inleatinnl  milN.  iiml  cunsists  of  nuuierous  Urpt-  cj'n  t:. 
215},  which  |iunr  their  cunlent:!  into  Bmitll  diicta,  nithoupli  in  others  it  !>eeiiij  tn  c 'iis'i 
simply  uf  C«t1s  nrrnngeil  in  fi>11icle!9,  whivh  are  cunne«te>l  with  thp  itite»tine.  ■<  in  &' 
lowest  clniiiiei  In  ia^rlf,  the  hepniic  urjciin  tHkea  the  form  of  limple  vr  Imiioiri 
tnheH,  fn>m  tvo  to  six  in  iiumlier,  wliluli  open  iutu  the  iatci>tiuc.  AckiirUiiif  ii  -J 
obscriiitious.  the  eelln  ili>  n<>l  np)<i;»r  tu  be  urrangcd  round  (he  tube,  sa  na  t.>  Uve  i 
dislliict  cenlnil  ch^mnel.  ns  in  the  urinifvrou.'i  tubnie,  but  lie  within  the  liaimnl 
memlinine,  without  orilrr  or  refrulnrity.  nrten  ciini]>lcte1y  filling  the  tube,  iinil  n(>t  ai- 
frequciitlj,  from  Iheir  liiriw  t-'ue,  fnu-iii};  il  to  bulge.     We  shutl  prewullv  m*  lh>t4 
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rimilir  ■TTBOgflment  exists  Id  the  tobalaT  nstirork  of  bkumGnt  membniM,  l|luah 
HUB  the  liTcr-cella  In  T«rt«br«te  Knimftls. 

irongboat  the  whole  inimkl  Mriea,  tfaellrar  oon^ata  ■■wntlallj  of  eellt  eoBtkintag 
iring  nutter,  and  uauHlj  oil  globnles,  ohich  lie  within  >  Inba  or  foUiole  *t  bwe- 
:  membniDe,  oontinuoos  with  the  klineatsTj  omwI. 

IsTing  premiaeti  these  gener&l  points,  we  shall  now  proceed  to 

jider  the  anatomy  of  the  liver  more  in  detail. 

jobuUt  of  the  Liver. — The  terminal  twigs  of  the  portal  veins  and 

commencing  radicles  of  the  hepatic  vein,  thas  diBtrtboted  through 

liver  with  a  definite  thickness  of  capillary  plexus  with  nucleated 

-cells  interposed,  are  further  arranged  in 

1  a  manner  as  that  the  intervening  mass  ^-  2l(L 

athered,  not  into  a  folded  sheet,  bnt  into  h  .i  . 

;reat  number  of  small  portions,  termed        /C^JKv^  I 

(fed.     These  lobules  are  apparent  to  the      ■i  f  tTi-^^  Vi   -Jf 

in  man;  animals ;  bat  in  the  pig  they  are  '\ 

b  of  them  invested  by  a  separate  and  \ 

inct  membranous  envelope  or  capsule,  ~ 

ch  is  composed  of  delicate  fibrous  tissue  i   '  v 

,  218),  In  this  animal,  each  lobule  may  ponion  of  fibnu  apni*  of 
■egarded  as  an  isolated  and  separate  liver,     »ioirai»ofiinpig'iUT«rjjihow- 

the  whole  gland  as  an  agglomeration  of 
Her  ones,  connected  by  the  penultimate 
aches  of  the  portal  vein,  artery  and  duct,  which  run  between  the 


Fig,  218. 


id«  nf  ■  ot'a  llTPT  partlallr  lBj«t»l  thronf li  Iba  |>orttI  toIb,  wd  ilio  ihtonfli  tk*  hopiHc 
O.  Twlnot  iMrUL  Tdln.  b.  C*pl1Urlea  mpHuglBfttea  IlifiD,  whlcbHtra  tomirklhaonttlDO 
lltkalM/  il.  &plll>ri»  lolligcnin  of  lia  lobBtaa  lajceled  hon  tlw  hopallo  lain.  a.  Sltaa- 
•I  wUeh  Iha  li^Mtlaii  forced  lata  lb*  Im  raaaile  hu  aat.    k  Canlnl  pula  of  liAala  ant 
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lobales,  and  by  the  areolar  tiBSoe  which  accompaDiCB  them ;  hot  not 
by  any  inosculation  or  coalescence  of  the  nltimate  secreting  eleins&t^ 
the  liver-cella,  or  the  capillaries.  In  other  animals,  and  in  the  hoau 
subject,  the  lobules  are  not  thus  isolated,  but  are  only  imperfetilj 
marked  out  by  the  several  points  of  their  exterior,  to  which  thiiL 
timate  twigs  of  the  portal  vein  and  duot  arrire.  The  twigs  of  ikt 
vein  terminate  in  a  plexus  of  capillaries  common  to  all  theesitt- 
guous  lobules,  and  con  tinuons  between  tbetn,  so  that  the  lobules  tk» 
selves  bavfi  no  definite  limit  (Gg.  219),  but  blend  with  each  otW, 
except  at  certain  points  of  their  exterior.  It  is  not  likely  that  thae 
differences  in  the  iaolation  of  the  lobules  in  various  animals  art  of 
any  physiological  importance,  but  they  have,  probably,  given  hk  u 
much  of  the  difference  of  opinion  which  exists  among  anatomisu  tn 
this  subject. 

The  shape  of  the  lobules,  whether  completely  defined  by  an  iunit- 
ment  of  fibrous  tissue,  or  merely  mapped  out  by  the  posiiioD  d 
the  several  twigs  of  the  portal  vein,  hepatic  artery,  and  duet,  mij 
be  said  to  be  determined  by  the  mode  of  distribution  of  these  vmdii 
The  intralobular  hepatio  vein  occupies  the  central  axis  of  the  lobnlei, 
and  usually  consists  of  a  stem,  into  which  three  to  five,  or  even  more, 
subordinate  twigs  empty  the  blood  derived  from  the  capillary  pleiu. 
The  lobule  is  elongated  on  this  vein,  and  presents  a  process  for  nch 
of  the  subordinate  twigs. 

In  all  cases,  the  terminal  braDcha 
of  the  porta]  vein  and  the  doct 
arrive  at  the  surface  of  the  labnic 
at  several  points ;  and  the  sarfict 
of  the  lobule,  whether  complete  or 
incomplete,  is  continuous  wiihtbit 
of  the  portal  canals.  From  thii 
surface,  in  all  cases,  the  capillv; 
plexus  tends,  by  the  slight  elongi- 
tion  of  its  close  meshes,  and  coo- 
verges  towards  the  intrslobolir 
hepiitic  vein  in  the  axis  of  tbe 
lobule.  It  probably  follows  that, 
in  this  latter  situation,  the  bli>i"t. 
after  having  been  nearly  doprinii 
of  those  constituents  from  viaA 
the  bile  ia  formed,  circulates  mure 
rapidly  thnn  at  the  more  e.viemil 
parts  of  the  lobule,  whither  it  hii 
just  been  brought  by  the  pDttii 
veins,  rifhiy  charged  with  tL« 
constituents. 

J'ortal  Canalt. — It  has  b«n 
alrcndy  observed  that  the  purUJ 
cauiils  contain  a  branch  of  ih< 
portul  vein,  with  a  brunch  of  ik 
hepatic  artery  and  of  the  Liliir/ 


Fig.  220. 
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dmt;  BOt  niifr«qnentlj  the  vein  ia  accompanied  bj  two  branchea  of 
lk«  artery  and  dact. 

The  branches  of  the  artery  and  duct  are  connected  with  those  o( 
ths  portal  vein  by  areolar  tiaane,  which  is  abnndant  in  the  transverse 
fctore  of  the  liver,  and  in  the  larger  portal  canals,  but  in  the  Bmaller 
floats  chiefly  on  that  aide  of  the  vein  where  the  artery  and  duct  lie ; 
while,  aa  the  vessels  diminish  in  size,  the  amonnt  of  this  areolar  tis- 
ne  becomes  less  until  it  entirely  ceases,  where  the  small  branches 
irilieh  supply  the  lobnles  are  given  off.  This  investment  of  areolar 
dHoe^  descnbed  nndcr  the  name  of  Glieson's  capsule,  from  its  dis- 


uss, 


If  Ihalobnlu 


tb«  pnrtftl  <r<lB,  tod  t, 


:,  haa  been  stated,  hy  many  subsequent  writers,  to  be  prolonged 
into  every  part  of  the  gland,  separating  the  lobules  from  each  other, 
ud  forming  an  investment  for  each — a  description  which  we  have 
ftOed  to  verify  in  every  mammalian  animal  which  we  have  examined 
•zeept  the  pig,  where  this  areolar  tissue  ia  really  prolonged  between 
Ihe  lobules. 

Portal  Vein. — The  larze  portal  vein  is  formed  by  the  union  of  the 
mna  of  the  stomach  and  intestines,  the  pancreatic  and  splenic  veins, 
and  the  Teius  of  the  mesentery,  omentum,  and  gall-bladder.  The 
portal  circulation  haa  been  descnbed  in  p.  676,  and  we  have,  there- 
fore, only  to  describe  the  distribution  of  the  vein  in  the  liver.  The 
branches  of  the  portal  vein  may  be  said,  in  general  terms,  to  be 
MTanged  round  the  lobules;  but  the  branches  upon  different  sides 
do  not  anastomose  so  as  to  encircle  each  lobule  with  a  venone  ring, 
M  many  authors,  following  Kieman'e  diagram,  have  described  and 
represented,  but  communicate  with  each  other  only  throogh  the  inter- 
TMition  of  capillaries.  Even  in  the  pig  there  ia  no  vaacnlar  ring, 
60 


7T* 


tht.;liak«d  eye  it  might  appear  so.  Id  tlie  lir<r  ol 
a  nbieoti  Mkd  in  livers  allied  to  it,  small  branches  of  the  p 
Y^n  oui  onHii  Im  tnoad  from  the  interlobular  BsHores  into  the  lobolt, ' 
breaking  ip  Into  n|rillariea  as  the;  go.  The  arraDgemenl  ttftka; 
branahM  w  Ike  portal  rein  round  one  of  the  smallest  lobal«8  of  tW 
tHs'i  Kw,  Tith  ft  fur  of  the  lobular  capillaries  injected,  iaabtnii'' 
If.  SSI.  J 

S^atte  ArUrjf,—TA».ny  branches  of  the  artery  pass  to  Uie  e^ 
Bale  of  the  liver,  in  wkich  they  ramify  abundantly,  forming  a  kI> 
work,  haring  large  meshes.  These  capsular  branches  and  the* 
anastomoees,  are  readily  injected  in  the  liver  of  the  fixtus  or  diDil 

The  artery  giroi  off  numeroii.'j  branches  in  the  portnl  canals.  T^' 
neater  namber  of  th«e  are  distributed  upon  the  coata  of  the  doo. 
The  thick  walla  of  the  larger  ducts  are  abandantly  supplied  «ilk , 
arterial  blood;  but  ike  smaller  branches  of  the  dact,  the  eoaU  <(' 
which'  are  extremelj  delicate,  pass  through  the  meshes  of  an  artaiat 
network.  In  the  m^  this  nelnork  may  be  demonstrated  apon  thei 
■nrfaoe  of  eaoh  nDOM  (fig.  222),  but  in  the  bnioan  subject,  ikt, 
branohee  are  Um  anmerous,  and  are  seen  only  in  the  inlerlobahrl 
fiaBorea;  other  brandies  supply  the  conis  of  the  portal  and  bcftiie 
Trina.  The  greater  anantity  of  blood,  after  passing  ihrougb  ikitt' 
■mall  arteriea,  ia  eollected  by  venous  radicles,  which  empty  then- 
eelvei  into  tbe  branoheB  of  the  portal  vein.  A  few  very  small  utt- 
rial  hranchea  nay  be  traced  from  the  portal  aspect  of  the  lobale  fw 
a  short  dietanee  into  its  interior,  whore  they  join  tbo  portal  hftfit 


a.  Pirlof  utaiiil  rinc,  with  bmchea  imaUyiBx  npu  thaiq>nl«of  ihatobdwsfUiiMaMt 
».  ADerlftl  nMirorli.    b.  PuRIob  of  lobulu  upllhTr  sMirork  lolaoM  bum  (ka  H«WT.  Hi  ^ 

plexQS  of  capillaries.  The  whole  of  the  arterial  blood,  theiefoR^ 
which  supplies  nutriment  to  the  several  stractorea  of  the  Iirer,iaWl 
through  tbe  eapilUries  of  tbe  lobule  before  it  ia  returned  to  thebwt, 
and  no  doubt  furnbhcs  a  small  portiou  of  the  matters  from  whicb 


the  bile  18  fome<l.  The  artery  was  rightly  regarded  by  Kieman  as 
ODe  of  the  Bourcea  of  the  blood  conveyed  to  the  secreting  Btructnre 
of  th«  liver,  by  the  branches  of  the  portal  vein. 


The  gall-bladder  is  also  supplied  largely  with  arterial  blood.  The 
arteries  are  arranged  so  as  to  form  a  beautiful  network.  Each 
branch  of  the  artery  is  accompanied  by  two  branches  of  the  vein, 
ODe  on  either  side,  and  when  the  arterial  and  venone  networks  are 
injected  with  different  colonre  a  most  beantiful  appearance  is  pro- 
doced.  A  similar  disposition  of  arteries  and  veins  occurs  in  the 
transverse  fissure,  and  also  in  the  large  portal  canals.  This  arrange- 
nent  has  probably  the  effect  of  insuring  free  circulation  through 
the  veins  in  those  changes  of  size  and  position  to  which  the  vessels 
■re  liable. 

Duet. — At  least  one  branch  of  the  duct  accompanies  each  branch 
of  the  portal  vein,  but  frequently  there  are  two  or  three.  From  the 
branch  or  branches  accompanying  the  vein,  several  emaUer  onea 
Mu  off  to  the  secreting  stractnre.  In  the  pig,  the  interlobular 
dDCts,  while  running  between  contiguous  lobules,  are  applied,  bs  it 
were,  to  the  exterior  of  their  capsules,  and  give  off  much  smaller 
tnigfl  on  either  aide,  which  perforate  the  capsules,  and  become  con- 
nected with  the  cells  in  the  manner  presently  to  be  described. 

Parittal  Saceuli  and  Appendaget  of  the  Dueta. — In  ducts  of 
•bout  the  yjg  of  an  inch  in  diameter,  and  larger,  there  are  many 
little  saccular  dilatations  situated  in  the  coats.  These  are  the  so- 
Mlled  glands  of  the  ducts,  and  in  the  pig,  and  most  other  animals 
which  we  have  examined,  are  arranged  all  ronnd  the  tube.    Dr. 
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jlpilll,  who  Iu»  «(aaiined  tfaem  with  great  csre,  (leacnb»t^Mk 
ibr  ihe  DUMfe  part,  UDiple  oval  pouches  connectcil  with  tW»vnj«f  ( 
Um  doefc  bj  a  Terr  barrow  neck,  often  not  tbo  go'so  '^^  inindia 
diametar.  In  the  larger  ducts,  they  are  branched,  and  ofieiirulii 
aoma  ^Btaaoe  in  tlie  coats.  Occasionally,  the  branches  ol  tat 
gland  anaatomoae  with  those  of  another.  The  largest  are  sitigdH^ 
aomplioatad,  and  project  some  distance  from  the  duct  Ijricg  b  lit 
areolar  tiisne  which  surrounds  it.     Fig.  224. 

In  the  human  aabject,  a  different  arrangomeot  occurs.  InstnJtf 
being  utaated  entirely  round  the  tube,  the  openiogs  form  tiro  roii 
or  lines  ntnated  upon  opposite  sides  of  the  ducts.  The  gmitt 
nnmber  of  theM  openings  are,  however,  the  orifices,  not  of  flunl^ 
bnt  of  small  irregiuar  tubes,  which  run  obliquely  for  some  dzstuoi 


^^x^jms^Sx&ei 


a.  Porllnor&laiialaator  O*  ptg,  injMUi  wia 

la  Ul«  omU  of  Uu  dneU.    Tha  luiMt  —' '  — 

when  k  (BiaUar  bnuh  !■  BSnluWft 

MiCBiB«d tbnituo dluutcn.   rnvXiawl^br 

in  the  co&te  of  the  duct  and  anaatomoae ;  some  of  these  bruckl 
leave  the  ducta  anastomose  with  each  other  jnet  ontaide  the  trvk 
from  vhich  they  are  given  off. 

Many  of  the  small  ducta  abont  the  g^g  of  an  inch  in  diamet«r,b>it 
numerous  csecal  pouchea  connected  with  tfaem,  arranged  pretty  dw 
together,  gradually  becoming  ahorter  as, the  dact  becomes  wnillMi 
and  giving  off  branches  composed  of  basement  membrmaa  enb. 
These  irregular  ducts  with  cecal  pouches  are  very  nnmeroas  is  On 
transverse  fissure  of  the  liver,  where  they  form  an  intricate  netndl 
connected  with  the  larger  branches  of  the  duct  in  tbb  sitaatioL 
These  were  described  by  Theile  as  branching  mocons  glandi^  bat  ■•■ 
first  noticed  and  named  vaaa  aberrantiabj  Weber,  who  alw  '^ 
scribed  the  anastomosis  between  the  right  and  left  hepatie  dsM 
in  the  transverse  fissure,  by  the  intervention  of  these  impl* 
brancbea. 

In  the  portal  canals,  the  vasa  aberrantia  occur  ■•  already  »- 
tioned,  but  in  diminished  number.     Dr.  Eeale  conaiders  thssa  <sfr 
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ties,  or  irregular  branches,  connected  with  the  ducts,  as  little  reser- 
voirs in  which  the  bile  in  ducts  with  thick  coats  is  brought  into 
doser  proximity  with  the  numerous  yessels  surrounding  them,  by 
which  means  it  loses  some  of  its  water,  and  probably  undergoes 
other  changes.  He  observes,  that  the  arrangement  of  the  vessels 
around  these  ducts,  both  in  the  transverse  fissure  of  the  liver  and 
in  the  portal  canals,  is  similar  to  that  which  exists  in  the  coats  of 
the  gall-bladder.  A  small  cavity  with  a  narrow  neck  seems  scarcely 
adapted  for  pouring  out  viscid  mucus ;  moreover,  the  bile  of  animals, 
in  which  these  so-called  glands  are  very  few  in  number,  as  in  the 
rabbit,  seems  to  contain  as  much  mucus  as  that  of  the  pig,  in  which 
animal  the  glands  are  very  numerous  and  well  developed.  Accord- 
ing to  this  view  of  their  office,  these  cavities  may  be  regarded  in  the 
light  of  little  gall-bladders. 

The  coats  of  the  larger  ducts  appear  to  be  principally  composed  of 
condensed  fibrous  tissue,  but  there  is  reason  for  supposing  that,  at 
least  in  some  of  them,  there  are  a  few  muscular  fibre  cells,  although 
they  do  not  form  a  distinct  layer  or  muscular  coat. 

The  epithelium  of  the  larger  ducts  is  of  the  columnar  variety. 
The  cells  are  large  and  well  formed,  often  exhibiting  a  distinct  nu- 
cleus. They  are  frequently  tinged  with  yellow  colouring  matter, 
and  often  contain  yellow  granules.  In  the  smaller  ducts,  this  epi- 
thelium becomes  shorter,  until,  in  the  smallest  branches,  it  approaches 
more  nearly  to  the  tesselated  variety. 

Gall-Bladder. — The  gall-bladder  may  be  looked  upon  as  a  diver- 
ticulum of  the  hepatic  duct.  It  lies  in  a  fossa  underneath  the  liver. 
It  is  of  a  pear  shape,  and  its  fundus  is  directed  downwards  and  for- 
wards ;  it  terminates  in  the  cystic  ductj  which  is  about  an  inch  in 
length.  The  hepatic  duct^  leaving  the  liver  by  the  transverse  fissure, 
passes  downwards,  and  soon  joins  the  cystic  duct  at  an  acute  angle, 
%o  form  the  ductus  communis  choledochus^  which  is  about  three  inches 
in  length,  and  lies  between  the  layers  of  the  gas tro- hepatic  omentum. 
After  coming  into  close  proximity  with  the  pancreatic  duct,  the  com- 
aion  duct  enters  the  coats  of  the  intestine  with  the  latter,  and  passes 
obliquely  between  them  for  three-quarters  of  an  inch.  The  ducts 
open  by  an  orifice  common  to  both  at  the  junction  of  the  descend- 
ing and  transverse  portions  of  the  duodenum.  The  mucous  mem- 
brane of  the  gall-bladder  is  thrown  into  reticulated  folds,  which  form 
tbe  boundaries  of  numerous  polygonal  depressions,  so  that  upon  its 
internal  surface  it  presents  a  honeycombed  appearance.  It  is  highly 
Tascular,  and  is  covered  with  columnar  epithelium.  The  folds  are 
|m>Ionged  into  the  cystic  duct,  where  they  are  arranged  in  a  cres- 
centic  manner,  their  general  direction  being  that  of  a  spiral,  and  they 
liave  been  compared  to  a  spiral  valve.  The  peculiar  arrangement  of 
the  vessels  of  the  gall-bladder  has  been  already  referred  to.     The 

2 'Stic  artery  is  derived  from  the  right  division  of  the  hepatic,  and 
e  veins  empty  themselves  into  the  vena  portie.  The  lymphatics 
•re  very  numerous.  The  greater  part  of  the  thickness  of  the  walls 
of  the  gall-bladder  is  composed  of  fibrous  tissue,  but  there  also  exists 
m  thin  layer  of  delicate  muscular  fibre  cells,  which  take  partly  a 


lijngUadinal  and  parti;  ft  transverse  direction.  The 
bludder  is  capuble  of  contaiDuig  about  an  ounce  of  fluid,  liiititw- 
4ergacs  grcnt  alterationa  in  volume,  and  in  it  the  bile  boooBKib- 
ftpisEatod,  and  probably  undergoes  other  chaDges. 


ThU  niseas  is  abspnt  in  manT 

tllier  hIrJa  ;  is  llie  clepliUDt,  »lag.  '■ 
kncl  viMlape.  It  is  ■Iwiijg  founJ 
Uie  aiiimaU  abote  alluded  tu  its  Qot 


;«ii«r*  iif  fiHh«R ;  io  pigvona,  twHau*,  uJ  «■ 
ora«,  Bad  tapir;  liDt  it  ia  prcBcal  io  tin oi, iba, 
MDODgst  re{'tllea.  Tbe  reftsoo  of  lb  ilMim  > 
ret  BatisfMtorilj  eipUined. 


JTepalic  T't'j'n. — The  branches  of  tbe  hepatic  vein  run  in  cIimu'K 
vbich  sre  situated  between  the  portal  canals  (6g.  217),  and  id  m- 
feequence  of  the  small  quaniit;  of  areolar  tissue  surrounding  tb 
hepatic  vein,  tho  bases  of  the  adjacent  lobules  are  in  eootaclTJil 
It,  BO  that  trbcn  a  branch  of  the  hepatic  vein  is  cut  acroM,  it  Jm 
Hot  coHap!<e,  but  remains  open.  Tho  small  twigs  vrhich  colleellit 
blood  from  the  lobules  surrounding  the  trunk  of  the  vein  open  * 
once  into  it,  except  iu  tbe  case  of  tho  largest  branohes,  wbera  d> 
eoftts  nro  vorj  thick.  This  arrangement  is  sbowa  in  fig.  HA.  iTic 
"       Kternan.       In    ihi*  ini- 


Kg.  225. 


ing  iho  openings  of  tho  snail 
brancbea  of  the  hejMie  niii 
(intralobular  vein)  are  swn  ia 
the  centre  of  each  lobule,  a^ilt 
in  Hg.  220,  irhich  reprcMDU  i 
portal  vein  laid  open,  tbe  oriiiM 
of  the  smallest  brancbcl  »f» 
seen  in  the  spaces  betwcfti  im 
lobules  (interlobular  vciai). 

The  capillaries  in  the  ceaini 
part  of  the  lobule  op«n  iiitD  tk 
small  twig  of  tbe  hepaiictnt 
upon  all  Bides.  Thcce  point) 
fere  well  seen  in  the  pig's  lifw, 
where  the  lobules  artr  distinct, 
but  in  the  human  ami  olker 
livers,  the  arrangement  »»ri« 
slightly  in  consequence  of  ilif 
lobules  communicatingKithwi 
other  in  the  intervals  bttwM 
the  interlobular  fissurei  (^ 
217). 

Nerve*  and  Xyfiip)U(«><— 
The  nerves  of  the  hnt  Mt 
derived  chieflj  from  tbe  ijap** 
thetic,  but   k   few   bnndm  ' 


the  vftgoB  ftre  also  d 

the  organ.     The;  consist  of  tabnlar  and  gelstinons  nerre  tbrm,  ■■' 
are  distributed  principally  upon  the  walls  of  the  axtorj  over  iHA 
they  form  a  network. 
Branches  may  be  traced  into  Olisaou's  capsule,  snd  to  AtOMli*' 
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the  gall-bladder  and  larger  ducts,  ss  well  as  to  the  coata  of  the  larger 
branches  of  the  hepatic  vein. 

The  lymphatics  are  found  in  considerable  abundance  in  the  liver ; 
thej  are  distributed  to  the  gall-bladder,  and  form  a  network  upon 
the  surface  of  the  organ  underueath  the  peritoneum.  An  abundant 
network  of  lymphatics  exists  in  the  largest  portal  canals,  and  when 
the  ducts  are  injected,  it  not  nnfrequently  happens  that  a  small 
branch  bursts,  and  the  injection  escapes  into  the  lymphatics.  In  this 
mj,  some  lymphatic  glands  near  the  liver  are  often  injected,  and 
the  injection  sometimes  even  reaches  the  thoracic  duct,  as  occurred 
to  Mr.  Kiernan,  and  also  to  Dr.  Beale. 

(^  the  Liver  CeUa. — From  what  has  been  already  stated,  with 
regard  to  the  arrangement  of  the  solid  capillary  venous  plexus  of  the 
lobules,  it  will  be  inferred  tfaat  the  cells  occupy  the  meshes  of  this 
network.  It  has  long  been  a  question  whether  the  cells  lie  amongst 
these  capillary  vessels,  or  are  enclosed  in  a  basement  membrane,  as 
we  should  expect  from  the  analogy  of  other  glandnlar  organs.  It  has 

Fig.  226. 


been  admitted  by  all  who  have  examined  the  liver  carefully,  that  in 
•ections  made  in  a  particular  direction,  the  cells  are  seen  to  form 
lines  which  radiate  from  the  centre  towards  the  circumference  of  the 
lobule;  these  lines  being  connected  with  oblique  or  transverse 
branches.  Such  an  appearance  is  not  presented  in  every  section,  but 
only  in  those  made  exactly  at  right  angles  with  the  small  twig  of  the 
hepatic  vein.  This  b  well  seen  in  Gg.  226.  The  cells  are  described 
by  KoUiker  and  others,  as  being  placed  end  to  end,  forming  solid 
cylinders,  but  not  invested  with  basement  membrane.  Usually  there 
is  only  room  for  one  row  of  cells ;  but  in  some  situations,  two  or  three 


w 


«i 


y^fMB  bat^een  two  capillary  ressele.     Dr.  Haodfield  Jmi 

■  been  led  bj  hn  reseatchea  to  adopt  the  same  codcIusiod  witkt» 
■yrd  to  thyirwMcment  of  the  liver  cells,  and  Dr.  Ciirpenter  hu 
.eiMiiiWill  H^y)''"  favour  of  a  similar  view. 

On  the  otfw  jbvid,  Retzius,  Loidy,  and  some  other  obsemi^ri- 
TOeuM  Aa  pNMBOe  of  a  tubular  basement  membrane,  in  whi^dii 
ttO*  lU,  MM  vluok  is  continuous  with  the  hepatic  ducts. 

Tbe  ninnte  HMtomy  of  the  liver  has  laielj  been  subjected  1i< 
eueftl  inTeetigation  b/our  friend  and  former  pupil,  Dr.  BeaJf  ;i)ij 
we  believe  he  has  established  the  existence  of  this  basement  «em- 
brane  by  Bereral  difTerent  methods  of  preparation.  Kis  obserTsiiou 
hkTe  been  tude  tipon  injected  as  well  its  uninjected  prepan^ant 
Tl^a  membrane  ia  bo  esceedioglj  delicate,  that  it  can  be  denio» 
Itratad  alone  bj  ike  granular  matter  which  adheres  to  it.  Br.  Bnle 
baa  asoeaeded  in  injecting  the  tubular  network  ID  which  the  oUt 
lie;  and  tha-iaiaation  has  been  seen  to  pass  round  the  oeUft,«fi»- 
rating  dwB  duhtly  from  each  other.  When  the  celU  are  hrvkm 
down  by  tba  action  of  chemical  reagents,  the  outline  of  the  tube  as 
often  ba  aeen  diatinctly.  This  delicate  basement  membrane  in  moit 
Htnationi  ^ppeaia  to  be  incorporated  with  the  walls  of  the  capilknt*, 
bat  in  aome  plaoaa  it  is  to  be  demonstrated  distinct  from  tbetn. 

Not  nnfr^ne&t^  cells  are  met  with  in  the  fluid  surrODmling  i 
aaotion  of  livor  with  shreds  of  membrane  attached  to  them  ;  and  int 
fow  rare  initaneai  this  membrane  may  be  seen  in  the  form  oft  tube, 
in  whieb  the  oell  ia  evidently  contained.  Injection,  however,  aSordi 
the  most  astisfactory  proof  of  the  existence  of  this  basement  iikbi- 
brane.    In  well-injeoted  apemmena  the  ontUna  of  tha  tobo  in  riM 


-^"■'^^^ 


Tamaa  ot  tobnlar  nMirarlc  orbuamaiit  B»nibi*iie  la  wlilch  the  Ilnr  ortla  lie,  a.  frMi  u  ftjiM 
•paeliiiin— Iha  ifaidad  porl1<Huahowth>p(»lilaii  ortbelnJwilDn.  t.rMit-"--  --  '-^"-"-^ 
_.,>.r.  ....  ._v.     .   . — ■ -"eh  tl,  »11*  li«Te  bwn  dWntagnw*. 


Dr.  BwhT 
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[Is  are  contained  can  be  seen  in  some  parts  of  the  lobule,  sepa- 
from  that  of  the  capillary  vessels.* 

liver  cells  may  be  broken  down  in  some  specimens,  and  the 
r  membrane  contain  only  granular  matter  suspended  in  fluid, 
resented  in  fig.  227  e. 

peculiar  and  characteristic  cells  of  which  the  substance  of 
er  is  chiefly  composed,  are  of  a  more  or  less  spheroidal  form, 
ten  somewhat  flattened  and  many-sided  from  mutual  com- 
m. 

y  vary  from  the  y^^^^^  to  the  j^^i^jf  of  an  inch  in  diameter,  and 
mes  even  smaller.  Their  surface  is  smooth,  and  their  outline 
;t  and  well  defined.  Each  contains  a  distinct  nucleus  in  the 
r,  and  occasionally  cells  may  be  observed  with  two  nuclei.  In 
cleus  a  highly  refracting  nucleolus,  with  several  granules,  can 
f  be  distinguished. 

contents  of  the  cell  appear  to  be  of  a  firm  viscid  consistence, 
t  when  pressed  between  glass,  the  contents  do  not  escape  sud- 

but  the  whole  cell  becomes  flattened.  Usually  there  are,  in 
;erior,  several  oil  globules,  which,  as  regards  size  and  number, 
bject  to  great  variations.  In  some  cells  the  entire  cavity  is 
ed  by  globules,  in  others  not  one  can  be  observed ;  besides  oil 
es,  distinguished  by  their  light  centre  and  dark  well-defined 
»,  the  cell  contains  in  its  interior  numerous  amorphous  granules, 
may  vary  in  size  from  a  scarcely  visible  dot,  to  a  particle  as 
IS  a  blood  globule,  or  even  larger.  Granules  of  a  bright  yellow 
,  composed  of  biliary  colouring  matter,  are  often  met  with,  but 

occur  constantly.  In  cases  of  jaundice  from  obstruction  of 
ict,  the  number  and  size  of  these  coloured  particles  often  in- 
to an  enormous  extent,  so  that  the  cell  appears  to  be  entirely 
ed  with  them,  and  in  extreme  cases  no  distinct  cells  whatever 

detected, 
lighly  fed  animals,  and  in  that  condition  termed  fatty  degene- 

of  the  liver,  so  common  in  cases  of  phthisis,  the  cells  seem 

entirely  occupied  by  large  oil  globules,  without  any  coloured 
es.  The  cells  at  the  portal  aspect  of  the  lobule  usually  con- 
lost  oil,  while  those  in  the  centre  contain  a  greater  number  of 
3d  granules,  but  frequently  these  yellow  granules  are  present 
cells  in  both  situations. 

lilute  caustic  soda,  or  potash,  the  cells  swell  up  and  become 
.nd  of  a  more  rounded  form  ;  after  a  short  time  they  are  dis- 
»  unless  the  solution  is  very  weak.  Acetic  acid  produces  a 
hat  similar  change,  but  the  cell  membrane  does  not  appear  to 
lolved.  The  nuclei  always  appear  more  distinctly  defined  after 
dition  of  the  acid ;  cells  which,  at  first,  were  found  to  contain 
>nred  granules,  by  being  soaked  for  some  time  in  dilute  acetic 
chibited  many. 

the  imallest  Branches  of  the  Hepatic  Duct  and  of  their  Con^ 
\  with  the  Hepatic  Cells. — Of  the  manner  in  which  the  ducts 

n9  8p«oimeD8  were  prepared  bj  ugecting  the  ducts  with  Pnusian  blue,  and 
al  Teasels  with  plain  site. 
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commence  in  the  liver,  there  has  been  much  difference  of  opinioD, 

and  the  most  conflicting  views  hiTe 
^«-  228.  been    entertained.      Mr.   Kiernas 

considered  that  the  dacts  oobk 
menced  in  a  lobular  plexus  althoogk 
he  was  never  able  to  prove  the  ex- 
istence of  such  an  arrangement 
Kolliker  gives  a  diagram  to  ilhit> 
trate  his  view,  which  supposes  that 
the  open  ends  of  the  ducts  impinge 
against  the  columns  of  the  hepatic 
cells  at  the  margin  of  the  lobole. 

Terminal  portion  of  interlobular  dact.  with  ^^'  Handficld  JoueS  traceS  the 
epithelium  within  it.  Four  hepatic  cgUk  to  QUCtS  tO  tho  Same  pomt.  wherC,  Dt 
show  relative  bize.    ToillustrateDr.  Handfleld      i.i«  ^i  ,•  -y 

joDM'view.  beheveSy    they    termmate   witboot 

having  any  direct  communieatio& 
with  the  hepatic  cells ;  and  he  considers  that  the  small  cells  in  these 
ducts  are  alone  concerned  in  the  secretion  of  the  bile  (fig.  228).  If 
this  view  of  the  anatomy  of  the  liver  be  correct,  this  Targe  organ 
must  be  nearly  related  to  the  vascular  glands.* 

Dr.  Beale's  researches  show  that  Mr.  Kiernan's  original  view  is 
more  nearly  allied  to  the  truth. 

In  the  interlobular  fissures  numerous  finer  branches  leave  the  small 
trunk  of  the  duct  and  pass  towards  the  secreting  cells.  In  the  haman 
subject,  many  of  these  may  be  followed  for  some  distance  without 
giving  off  branches  or  anastomosing  with  each  other.  These  small 
ducts  lie  around  the  small  branches  of  the  portal  vein,  and  their 
course  is  often  tortuous. 

In  some  animals,  particularly  in  the  rabbit,  the  small  ducts  auasto- 
mose,  forming  a  network  round  the  vein.  This  network  is  continuoDS 
with  the  network  of  the  lobule  in  which  the  cells  lie.  In  the  human 
subject,  and  in  most  mammalia,  the  small  ducts  do  not  form  a  network 
in  this  manner,  but  pass  off  at  once  to  the  cell-containing  network 
with  which  they  are  continuous.  In  the  pig,  the  smallest  branches 
of  the  duct  penetrate  the  capsule  of  the  lobule  at  various  points,  an-i 
immediately  become  connected  with  an  intimate  network  which  lies 
immediately  beneath  it,  and  partly  within  its  substance.  This  net- 
work may  be  regarded  as  the  most  superficial  portion  of  the  cell-con- 
taining network,  and  where  the  liver  is  fatty  it  contains  cells  dis- 
tended with  oil  globules. 

In  the  human  liver,  and  in  those  of  most  animals,  except  the  pig. 
some  of  the  smallest  branches  of  the  duct  pass  for  a  short  distance 
beneath  the  surface  of  the  lobule,  and  become  continuous  with  some 
of  the  branches  of  the  cell-containing  network  in  that  situation.  In 
a  cursory  examination  these  narrow  ducts  appear  to  lie  amongst  the 
cells  without  being  connected  with  them.     The  greater  number  o: 

*  Vide  Kollikcr*s  Manual  of  Human  Histology,  translated  by  Busk  and  Huxlej: 
Sydenham  Society,  1853-54.  Dr.  Carpenter's  General  and  Comparative  Physiologj", 
4tii  edition. 
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branclic!!,  however,  join  the  cell-conbuning  network  round  the  margin 
of  t)ie  fitisures. 

Near  to  the  point  where  the  dnct  joins  the  cell-containing  network 
it  becomes  very  much  narrowed,  and  is  often  not  more  than  the 
^s'dd  °^  la'uo  '^f  i^i  ^^^^  >"  diameter,  and  even  less,  in  the  oninjected 
Btatc.  Several  of  the  narrowest  ducts  in  the  pig  are  represented  ia 
«g.229. 


I  ilo(t— pii.  b.  Mo.t  inpsriltlil  p»rt  of  »11-n<nUlnln|[  ordrnrll, 
r  oil  itluhulri.  r.  :;iirniwnt  rKini.iDg  or  (he  iua.  UbkhLIIoI  SU 
w  Ihc  p>iliitii  la  *hloti  ILiF  Lnjccilun  mchcd.    Ader  Dr.  B«]e. 

Fig.  230  represents  Bome  of  the  small  ducts  and  a  part  of  the  cell- 
containing  network  at  the  surface  of  a  lobule  in  the  human  liver. 
The  cells  have  been  nearly  destroyed  by  the  action  of  reagents  in 
preparing  the  specimen. 

The  epithelial  cells  which  lino  these  minute  ducts  approach  to  the 
tesselated   variety.     They  are,  for  the   most   part,  round   or  oval 
granular   cells,   some   of   them    about   the 
jg'finth  of  an  inch  in  diameter,  while  others  F'g-  230. 

are  leas.  They  preseni  very  similar  cha- 
racters in  the  different  animals  which  we 
have  examined,  and  the  same  general 
arrangement  of  the  minute  ducts  has  been 
shown  to  occur  in  birds,  reptiles,  and  fishes, 
with  certain  unimportant  modifications 

The  epithelium  of  the  ducts  does  not  pass 
by  gradations  into  the  secreting  epithelium, 
but  terminates  at  the  point  where  the  latter 

commences.     The  narrowing  of  the  excre-       __. , _  .  , 

tory  portion  of  the  tube  ia  met  with  in  many  il,Y«i»rr  fo"D*iikin''w'iiii°iio^JI.H' 
other  glands,  hut  in  none  is  there  a  more  ^^1,^'SSr"'^ ''T™on"™'i'iiJT 
striking  contrast  between  the  excretory  and  "d  iimiii  '■"■■ftiof  th-«rwj 
secreting  portions  of  the  gland,  or  between  fwr/^iVThUvo  b€^ndT-iwy»d  bj 
the  epithelium  lining  the  ducts  and  that  by  i^'  °Mi*.4?J"IEI?^ili'rn'  ot'7h" 
which  the  secretion  ia  formed,  than  in  the  ^'^"j^Tir'i^'KiS;'''"''*''™'' 
liver. 


TM  liver. 

••tSf  Hi*  Patlttge  ff  t\t  Bile,  into  the  Ihtett.—lt  tlicrieirorffiB 
taaimmj  of  die  liver  which  we  have  described  be  correct,  tte  mct«- 
iug  MlW'fltdw  surface  of  the  lobule  are  those  which  take  tbenast 
•otiTS  put  ia  the  Becretion.  These  are  the  cell!)  which  the  pirul 
Uoe^BlinMAes;  and  it  is  !□  this  situation  that  the  celU first  sW 
9  qnftntity  of  oil  globules  within  them  in  cases  of  f»nj 
A.  The  bile  is  not  formed  in  the  central  part  of  tke 
loAll^  and  tnnamitted  from  cell  to  cell,  as  has  been  descriM  If 
•ome  Kathoritiee,  bnt  the  bile  formed  by  each  indiridnal  ceU  esespti 
through  the  interstices  between  the  cells  until  it  reaches  the  dn«. 
IF  it  be  orged,  bs  an  objection  to  this  view,  that  no  visible  int^ndcn 
raiBt  between  the  cells,  it  may  be  answered  that  injection  can  be  miAt 
to  flow  by  these  channels  in  a  direction  the  reverse  of  that  which  tbt 
bile  natamlr  takes,  and,  therefore,  under  the  greatest  disadranUn. 
Tkare  qui  tnen  be  no  obstacle  to  the  passage  of  the  bile  towwjj  ua 
diMti;  moTOOTer,  the  great  changes  in  bulk,  which  we  know  the  liter 
edla  ao  reftdilj  undergo,  will  readily  account  for  the  close  ciinua  ia 
irhioh  thej  are  often  observed  to  lie. 

From  %  eareful  consideration  of  the  anatomy  of  the  paru^  n 
riioald  be  led  to  look  upon  the  liver  as  a  large  gland,  in  which  a  ctni- 
rider»ble  qnantity  of  a  highly  elaborated  secretion  was  slowly  formed, 
and  alowlv  transmitted  in  a  more  highly  concentrated  form  toirarli 
tiie  inteatme.  The  arrangement  of  the  vasn  nberrantia  and  of  tlit 
little  flftTttiee  iu  the  coats  of  the  thick-walled  ducts,  the  aboadaiM 
of  ▼essels  and  lymphntica  in  such  close  proximity  to  the  dads,  vA 
the  great  Bimilarity  of  their  disposition  with  that  of  the  veBsek  rf 
the  gallbladder,  where  we  know  absorptJon  of  flnid  tekai  |Ih% 
&nHir  the  idea  that  important  ehangea  oeenr  in  tii«  Iwle  sftvih 
formation  bj  the  cells  of  the  liver. 

The  liver  is,  therefore,  a  true  gland,  eonriAi&g  of  •  fonnatire  fi» 
tion  and  a  system  of  exoretory  dnots  direotlj  oontiDnooi  wttk  % 
The  secreting  cells  lie  within  a  delicate  tnbalar  network  of  baaewat 
membrane,  through  the  thin  walls  of  whioh  they  draw  from  Ae  bkid 
the  materials  of  their  secretion. 

Quantity  and  Uaea  of  the  Bile. — We  have  already  considered  tbt 
composition  and  uses  of  the  bile  in  Chapter  XXV.;  bnt  since  that 
part  of  our  work  was  published,  some  important  resalts  have  bns 
communicated  by  Bidder  and  Schmidt,  which  we  shall  here  briefly 
allnde  to.* 

These  excellent  observers  have  concluded,  from  nnmerons  experi- 
ments upon  different  animals,  that  the  qaantity  of  btle  secreted  dar- 
ing the  twenty-four  hours  is  much  larger  than  had  been  supposed. 
Cats  secreted  14.5  grammes,  dogs  nearly  20  grammes,  and  sheep  S5 
grammes,  for  each  kilogramme  (about  2  lbs.  3  os.  avoirdupois)  in  tlis 
weight  of  the  animal.  From  these  data,  it  is  of  course,  difficult  to 
draw  a  correct  inference  as  to  the  qnantity  of  bile  secreted  by  At 
human  subject ;  bnt,  from  calculating  from  these  results,  it  baa  bM 

dPr.aBalaik 
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red  probable  that  an  adult  man  secretes  about  54  oz.  of  pure 
1  the  twenty-four  hours,  and  this  contains  about  2|  oz.  of  solid 
r.    This  estimate  is  very  much  higher  than  that  which  we  have 

at  p.  597. 

9  activity  of  the  secretion  varies  greatly  at  different  periods  of 

ay.     For  one  or  two  hours  after  a  meal,  it  is  very  small  in 

It ;  but  from  this  time,  it  gradually  increases  until  it  attains  its 

Qum,  about  the  fifteenth  hour  after  the  last  meal.     The  secre- 

hen  rapidly  diminishes  in  quantity,  until  it  is  not  more  than  it 

wo  hours  after  the  meal.     The  gall-bladder  empties  itself  about 

nd  a  half  or  three  hours  after  taking  food. 

appears  that  an  exclusively  amylaceous,  or  fatty  diet,  causes  a 

diminution  in  the  secretion  of  bile,  while  a  pure  flesh  diet 
es  a  very  abundant  secretion. 

d  presence  of  bile  very  much  promotes  the  absorption  of  fatty 
r,  although  a  certain  quantity  of  fat  is  absorbed  even  if  no  bile 
I  the  intestine.  The  presence  of  bile  causes  the  absorption  of 
nd  a  half  times  more  fatty  matter  than  would  be  absorbed  with- 
.     Bile  appears  to  render  the  mucous  membrane  more  perme- 

0  fatty  matter. 

Ider  and  Schmidt  consider  that  the  chief  object  of  the  bile  is 
prolong  the  series  of  changes  to  which  animal  matter  is  sub- 

1  within  the  organism,  and  thus  to  render  it  for  a  longer  time 
nt  in  the  discharge  of  vital  processes." 

he  Pancreas,  consult  article  "Pancreas"  in  the  Cjclopeadia  of  Anatomy  and 
logy,  bj  Dr.  Hyde  Salter.  Upon  the  anatomy  of  the  Lirer,  the  following  works 
I  referred  to:  Kiernan,  <*The  Anatomy  and  Physiology  of  the  Lirer,"  Phil. 
,  1883;  Theile,  Art  **  Leber,"  im  Wagner's  Handworterback  der  Physiologie; 
**  Liver,"  by  Mr.  Wilson,  in  the  Cyclopa»dia  of  Anatomy  and  Physiology ; 
in  the  American  Jonmal  of  the  Medical  Sciences ;  KfiUiker's  Mikroskopische 
die ;  Beale,  **  On  the  Ultimate  Arrangement  of  the  Biliary  Ducts,  and  on  some 
^oints  in  the  Anatomy  of  the  Lifer  of  Vertebrate  Animals,"  PhiL  Trans.  1S56. 


CHAPTER  XXXIV. 

STINO  GLANDS.— THB  KIDNBY8. — PARENCHYMA.— MATBIX. — UBI- 
?BR0US  TUBES. — MALPIQHIAN  BODIES. — CONVOLUTED  PORTION 
THE  URINIFEROUS  TUBE. — STRAIGHT  PORTION. — VESSELS  OF  THE 
>NEY. — OP  THB  SECRETION  OF  URINE. — URINE. — QUANTITY. — 
ACTION. — CHEMICAL  COMPOSITION. — UREA. — URIO  ACID. — HIP- 
RIO  ACID. — CREATINE. — CREATININE. — EXTRACTIVE  MATTERS. — 
MONIACAL  SALTS. — FIXED  SALTS. — CHLORIDES. — SULPHATES. — 
08PHATBS. 

IXT  in  size  and  importance  to  the  liver,  are  the  kidneys.     These 

is  are  symmetrical  organs,  one  being  placed  on  each  side  of  the 

in  the  lumbar  region.     In  consequence  of  the  position  of  the 
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liver,  the  right  kidney  is  placed  rather  lower  down  than  the  left 
These  organs  are  surrounded  hy  a  varying  quantity  of  fat,  and  ire 
place<l  behind  the  peritoneum.  The  kidney  is  of  a  dark  reddish- 
brown  colour,  of  a  firm  consistence,  and  of  a  close  compact  texture. 
Its  general  form  is  that  of  an  ordinary  French  bean,  compress^ 
from  before  backwards,  its  convex  border  being  external,  and  its 
concave  edge,  or  hilum,  where  the  vessels  enter,  looking  towards 
the  median  line.  The  weight  of  the  healthy  kidney  is  from  4}  to 
5  oz.  in  the  male,  and  somewhat  less  in  the  female.  The  kidnefs 
are  l^upplicd  with  blood  by  the  renal  arteries,  two  large  trunks  vhich 
come  oiif  at  right  angles  from  the  abdominal  aorta.  The  blood  is 
returned  by  the  large  renal  or  emulgent  veins  which  open  into  the 
inferior  cava.  These  vessels,  with  the  nerves  for  the  supply  of  the 
organ,  enter  the  kidney  at  its  notch  or  hilum,  whence  also  proceeds 
the  ureter. 

Of  the  Kidney  in  the  lower  AnimaU. — The  first  trace  of  an  organ  whicli  can  be  n- 
garded  iu  the  light  nf  a  kidney  is  met  with  among  the  Polypi^  but  the  renal  nttnitof 
this  is  ut  least  doubtful.  In  Porpita,  one  of  the  Acalephcr^  Kulliker  has  describei 
nn  organ  which  contains  guanin,  and  which  he  therefore  looks  upon  in  the  light  of  % 
kidney.  In  the  Annelida  the  existence  of  a  renal  apparatus  is  doubtful;  but  thrre 
is  some  reason  for  believing  that  the  so-called  respiratory  organs  are  to  be  regai^i 
in  this  light  The  existence  of  these  glands  is  not  determined  in  the  Cmttaeta:  bet 
among  the  Arachnida  tubes  composed  of  basement-membrane,  and  containing  epithe- 
limn,  exist  Guanin  also  has  been  detected  in  them,  so  that  there  can  be  little  •iouM 
of  their  real  nature.  Among  Imect*^  renal  organs  exist  as  long  narrow  tube*,  ui 
the  presence  of  uric  acid  has  been  detected  in  several  species.  In  tlie  MoHwea,  en 
cept  in  the  lowest  class,  kidneys  are  distinctly  observed,  and  are  either  two  in  numl«r. 
or  conihincMl  to  form  a  single  organ  with  an  excretory  duct  The  pponpry  oiTran-*  --f 
the  Ctyhalopoda  have  been  proved  to  be  true  kidneys,  and  uric  acid  ha$  been  'iettcteJ 
iu  them  with  the  murexidc  test  by  E.  Harless.  Kidneys  exist  tliroughout  the  Ttrte 
brate  classes,  and  are  composed  of  tubular  glands,  provided  with  one  or  mure  effect 
ducts,  connected  with  which  are  often  observed  numerous  appendages.  The  urini- 
fcrous  tubule  consists  essentially  of  a  tortuous  tube  of  bnsemeut-nicmbmne,  lia^I 
with  secreting  epithelium,  and  dilated  at  its  closed  extremity,  so  as  to  embrace  ft  tu:'t 
of  highly  tortuous  capillary  vessels. 

The  specific  gravity  of  the  healthy  kidney  is  about  1*0.')0,  but  i? 
liable  to  vary  somewhat,  according  to  the  quantity  of  I'uid  vL:l:i 
exists  in  tlie  organ  at  the  time  of  examination. 

The  following  is  an  analysis  of  the  cortical  portion  of  a  hi'alriiv 
human  ki<lney  by  Dr.  Beale.  The  organ  was  taken  fn^m  t)iO  l-'lj 
of  a  healthy  man,  thirtv-one  vears  of  a;^e,  who  was  killeil  bv  fa;!i:i.: 
from  a  second-lloor  window  : — 

W'jiter      ......... 

Soli'l  matter    ........ 

Fatty  matter,  containing  much  eliolesterine     . 

I'.xtrMCtive  matter,  xiluble  in  water 

Fixed  alkaline  salts         ..... 

Jvirlhv  j?alt.s   ....... 

All>umen,  ve.ssel.s,  etc.     ..... 

Even  in  health,  tlie  proportion  of  water  and  solid  matter  v.ir;«r= 
greatly,  which  fully  accounts  for  the  varying  statements  (^f  dif^tT'^:i: 
observers  with  respect  to  the  weight  of  the  healthy  kidney.     In  'ii?- 


Tr.-l.-.o 
L>:{  o.'.O 

li-i  vir-.     ■ 

r»s4o 
i-oio 
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ia8e,  the  composition  of  the  secreting  structure  of  the  kidney  under- 
goes great  alteration.  The  fat  is  very  much  increased  in  quantity 
a  kidneys  in  a  state  of  fatty  degeneration.  The  relative  proportion 
if  the  solids  generally  may  be  much  diminished  in  quantity,  which  is 
•markably  the  case  in  some  specimens  of  enlarged  kidney.  The 
Qorease  of  size,  in  these  instances,  being  accounted  for  by  an  un- 
iBiial  quantity  of  water  in  the  tissue  of  the  organ ;  but  in  many  cases, 
t  is,  no  doubt,  dependent  upon  deposition  of  new  matter.  In  a  very 
arge  kidney,  weighing  half  a  pound,  only  14*89  per  cent,  of  solid 
aatter  was  present,  so  that  in  this  instance  the  increased  weight  of 
he  organ  was  undoubtedly  due  to  a  larger  proportion  of  water  than 
lecurs  in  health,  rather  than  to  the  deposition  of  any  adventitious 
issue,  or  to  an  increase  of  the  normal  gland-textures. 

Surface  of  the  Kidney. — The  kidney  is  immediately  invested  with 
k  firm  fibrous  coat,  called  the  capsule,  which  is  composed  of  con- 
lensed  areolar  tissue,  and  is  continuous  with  the  tissue  constituting 
be  matrix  of  the  kidney,  in  the  meshes  of  which  the  tubes  ramify : 
lome  small  vessels  also  connect  the  capsule  of  the  kidney  with  the 
iroper  gland-structure.  At  the  hilum,  the  capsule  is  continuous  with 
he  external  or  fibrous  coat  of  the  pelvis  of  the  kidney  and  the  fibrous 
»oat  of  the  ureter.  The  vessels  also  receive  an  investment  from  it 
kt  this  point. 

If  the  surface  of  the  kidney  be  carefully  examined,  it  is  seen  to  be 
mperfectly  mapped  out  into  a  number  of  small  polyhedral  spaces  or 
obules,  in  general  appearance  somewhat  resembling  the  markings  of 
he  lobules  of  the  liver.  These  markings  are  in  part  due  to  the 
arrangement  of  small  branches  of  the  veins  which  are  spoken  of  by 
bnatomists  as  the  stellate  veins.  Commencing  at  the  surface  of  the 
ddney,  they  penetrate  the  cortieal  part  in  a  vertical  direction,  at 
learly  equal  distances,  and  receive,  in  their  course  to  the  hilum,  the 
dood  from  the  venous  plexuses  surrounding  the  secreting  tubes.  In 
he  spaces  just  described,  may  be  seen  the  convolutions  of  some  of 
he  uriniferous  tubes.     No  arteries  reach  the  surface. 

Ferrien  supposed  that  the  tubes  formed  little  pyramids,  each  of 
vhich  radiated  from  the  medullary  towards  the  cortical  part  of  the 
cidney,  the  base  of  each  pyramid  consisting  of  one  of  these  spaces  or 
obules.  It  appears,  however,  that  although  each  pyramid  contains 
nany  tortuous  tubes,  with  their  capillaries,  the  convolutions  of  a 
(ingle  tube  are  by  no  means  confined  to  one  pyramidal  space. 

Sesides  the  apparent  divisions  into  lobules  just  referred  to,  the 
mrface  of  the  kidney  bears  the  vestiges  of  several  fissures,  marking 
t  out  into  lobes  which  may  be  seven  or  eight  or  more  in  number ; 
Jiese  lobes  indicate  the  original  condition  of  the  kidney  in  intra- 
iterine  life  when  they  were  separated  from  each  other,  and  formed 
liatinct  renules.  In  the  embryos  of  mammalia  generally,  the  same 
urangement  is  observed ;  and  it  remains  permanent  in  the  cetacea. 
[n  the  kidney  of  the  otter,  seal,  ox,  and  some  other  animals,  it  is 
iIbo  conspicuous.  In  the  ox,  the  division  into  lobes  extends  only  to 
;he  pyramids. 

Parenchyma, — The  parenchyma  of  the  kidney  consists  of  two  dis- 


788  KIDNEY. 

tinct  portions ;  the  one  eortical^  about  half  an  inch  in  thickneis, 
forming  the  whole  convex  surface  of  the  organ,  of  a  dark  red  colour, 
and  to  the  unaided  eye  of  a  granular  appearance,  and  exhibiting  nu- 
merous red  spots  (Malpighian  bodies)  abundantly  scattered  throagh 
it.  The  medullary  portion  is  embraced  in  this ;  it  is  pale  and  nDoo&, 
arranged  so  as  to  form  several  pyramids,  varying  m  number  froB 
eight  to  fifteen ;  their  bases  are  placed  towards  the  cortex,  firm 
which  may  be  traced  a  number  of  nearly  straight  lines,  which  cos- 
verge  towards  the  summit  of  the  pyramid  to  which  they  belong,  h 
this  part  of  the  kidney  there  are  no  Malpighian  tufts,  and  even  to 
the  unaided  eye,  it  appears  to  be  composed  of  a  number  of  straight 
converging  lines  or  tubes. 

These  pyramids  or  cones  end  by  free  summits  which  project  on  the 
hilum  into  the  pelvis  of  the  kidney,  the  mucous  membrane  lining 
this  cavity  being  continuous  at  the  summit  of  the  cone  (or  mammilU) 
with  the  tubes.  The  mucous  membrane  of  the  pelvis,  however,  formi 
a  sort  of  fossa,  or  saucer-shaped  cavity,  around  each  mammilla,  or  tc^ 
mination  of  the  pyramid.  These  calyces  receive  the  urine  eacapif 
from  the  open  orifices  of  the  tubes  on  the  summit  of  the  cones,  ill 
convey  it  toward  the  pelvis ;  they  become  enormously  increased  in 
dimensions  if  there  be  any  obstruction  to  the  passage  of  the  nriM 
from  the  ureter  or  bladder. 

Matrix. — With  reference  to  the  presence  of  a  fibro-cellular  mttiix 
in  the  kidney,  which  serves  as  a  support  for  the  vessels  and  tabei, 
there  has  been  much  difierence  of  opinion.  It  was  originally  de 
scribed  by  Goodsir,  and  has  since  been  noticed  by  several  obserrers. 

The  matrix  appears  to  us  to  be  composed  of  a  firm  transparent 
and  granular  substance,  in  which  we  have  seen  small  granular  cells; 
but  have  not  been  able  to  ascertain  their  precise  nature.  The  fibrous 
appearance  seen  in  thin  sections  we  believe  to  be  due  rather  to  the 
crumpled  state  of  the  walls  of  the  capillaries  and  uriniferous  tubes, 
than  to  the  existence  of  ordinary  fibrous  tissue  in  the  matrix  itself. 

The  intervals  between  the  contiguous  tubes  and  capillaries  are 
greater  in  the  pyramids  than  in  the  cortical  portion  of  the  organ, 
and  consequently  the  matrix  is  more  distinct  in  this  situation;  tut 
even  here  it  has  only  a  faintly  granular  appearance,  and  wo  have 
been  unable  to  see  any  distinct  fibres. 

It  appears  to  us  that  this  structure  is  of  little  physiological  im- 
portance ;  it  probably  serves  as  a  support  for  the  tubes  and  capillarj 
vessels. 

As  the  tortuous  tubes  in  the  cortex  pass  in  and  out  amongst  the 
interspaces  of  this  matrix,  portions  appear  to  be  circumscribed,  as  it 
were,  giving  the  idea  upon  a  section  of  a  number  of  small  cysts,*  aa 
appearance  which  is  often  very  marked  in  certain  cases  of  disease, 
when  the  tubes  are  enlarged.  In  the  kidneys  of  many  rodents,  espe- 
cially in  that  of  the  mouse,  this  appearance  exists  in  a  very  marked 
degree,  in  consequence  of  the  highly  developed  condition  of  the 
matrix  in  these  animals;  but,  in  all  the  instances  alluded  to,  the  true 

*  On  Discuses  of  the  Kidneys,  by  George  Jolmson,  M.D. 
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■e  of  this  part,  and  often  tbe  continnityof  the  tnbe  u  it  winds 
)Qt,  can  be  demonstrated  with  ease.  A  thin  section  of  the 
part  of  the  kidney,  made  in  any  direction,  displays  these 
ices  containing  sections  of  the  tnbes,  between  which  may 
i  seen  veBsels  which  hare  been  cut  acroaa. 
iferout  Tubei. — The  nriniferona  tnbes,  formerly  termed  tabes 
ini,  in  which  the  characteristic  elements  of  the  urine  are  se- 
consist  of  two  distinct  portions,  aa  already  alluded  to  ;  the 

highly  convoluttd  part  of  the  tabes,  which  is  probably  the 
t  of  trne  secretion,  and  the  ttraigkl  portion,  which  is  directly 
los  with  the  former,  and  condocts  the  secretion  towards  the 
:  upon  the  mammilla,  from  which  it  passes  into  the  pelvis  of 
ley.  In  the  other  direction,  the  convoluted  portion  of  the 
-minates  in  a  dilated 
ty,  which  completely  ^e-  281. 

the  vessels  of  the 
lian  tuft.* 
shall  now  conaider, 
le  minute  structure 
Halpighian  bodies ; 
J,  that  of  the  convo- 
ortion  of  the  tube; 
«tly,    that    of    tbe 

portion. 

ghian  Bodies. — The 
lian  bodies  are  met 

all  rertebrata.  In 
amroalian  kidney, 
here  eiists  a  division 
-tical  and  medullary 
;  they  are  only 
I  the  former.   In  an 

specimen,  tbey  ap- 
the  anwded  eye, 
ired  points  ahund- 
iattered  throughout 
t«x  of  the  organ, 
.ry  much  in  size  in 
;  mammalia,  and  are 
arger    towards    the 

he  cones.   They  are,      p™B,ii,8hiim«ii.obj«t.  Thii  ««id«  nhiMu  tb* 
most    part,   of    a     ST\";il."°^'""'^'"'i*,\™'^' *""f.''.''''"r''; 

,  .      '    n      1    1-1  Mitplghlin  latu.    a.  ArUrltl  bnsch,  Willi  lu  URnlDKl 

I,  oval,  or  Hask-Iike  twi™.  At«,  ibsinjisciioBh..  oDirpinrauediiieion. 
k  small  artery  affe-  .^^^  „,,  ,f.^,  ,,„,  ^,  ^,b„,  „,  „u;;n«tion. 
Ul  maybe  seen  to     At  >iti-"  bout  into  o«c»p.ui.s«,dMc.p«d.ion«  tbe 

.     ■'     ,  .  (nb«  (,  bnl  hu  »1m  illed  Ihe  eBirMit  ntMl  if.    At  / 

0  tntt,  and  a  minute     .sd  ■  n  bu  «itwuii«i,  ud  fhhiI  ^long  ibi  inb*. 

nu1!(>}a   fffrrent  ««•-      At  m  knd  n  Ihs  IoJkiIob,  ob  w«»1bi  Into  tbs  cipiBlv, 

nnerge  from  it  in    dumatan. 

*  FhiL  Tnaa.,  1642. 


dose  proximity  to  the  artery  (fig.  231).  The  Mstpighian  body ; 
oonsiats  of  a  rounded  bunch  of  capillaries  derived  from  the  affcrtu 
■nd  terntioating  in  the  efferent  vessel,  the  former  dividing  oier  At 
■urface,  the  latter  emerging  from  the  ititerior.  This  vaeenlar lafi 
lies  within  a  clear  and  perfectly  transparent  capsalo,  lined  U  in 
loner  part  viith  epithelium.  The  epithelium,  which  ia  contimd 
Upwards  from  tho  uriniferous  tube  into  ita  Sask-like  diUtuiM, 
Qannot  usually  be  traced  for  more  than  about  one-tliird  of  th«lu|0k 
Of  the  capsule  (fig.  3,  p.  76);  but  in  the  proteua  (fig.  2S2).  At 
Capsule  is  seen  to  be  entirely  lined  with  ao  exceedingly  thin  Uyerif 
delicate  epitbelium,  the  cells  of  which  are  of  an  oval,  or  polyhednl 
form,  with  a  very  large  granular  nucleus,  and  about  the  •  Jg  of  a 
inch  in  diameter.  The  capsule  itself  consisCa  of  hyaloid  memhreiK, 
*hich  is  directly  continuous  with  tbo  basement  membrane  of  tbe««- 
Toluted  portion  of  the  tube.  In  fact,  each  uriniferous  tubule  tenw- 
nates  by  a  dilatation  which  embraces  the  vessels  of  the  tuft,  tni  u 
intimately  united  to  them  at  the  point  where  they  enter  and  emetp. 
The  continuity  of  the  tube  with  the  Malpigbian  capsule  has  bM 

E roved  in  several  ways.     In  specimens  which  have  been  car«Ttil'ii 
ijected  from  the  artery,  not  unfrequeotly  it  will   be  found  thi(  liiii 
Coloured  material  escapes  and  extra vasates  from  the  vesscU  of  the  tilt 
into  the  cavity  of  the  capsule,  and  thence  runs  down  the  tube(ftg.  2SI). 
In  disease,  it  ia  not  at  all ..   i-    i  ..  ... 


with    blood,    in 


Gonsc^aenoe   i 


to   find  tho  capsule  of  Ae 
tuft,  and  the  tube  itself,  inJMtd 


hemorrhage    from   the    vessd)  of 
the  tuft. 

The  diSiculty  of  injecting  tit 
capsule  by  forcing  injection  bva 
the  pelvis  of  the  kidney,  oaatt 
reasonably  bo  urged  as  an  objtCtiM 
to  this  view,  for  all  who  haveW 
any  experience  iti  injecting  tbi 
minute  ducts  of  glands,  will  a^« 
tliaE  it  is  in  very  few  insuncH, 
indeed,  that  the  injection  can  U 
forced  to  the  termination  of  th( 
tube.  The  epithelium  within  ills 
apt  to  be  forced  towards  its  ext^ 
extremity,  and  by  its  accumulBtioB 
renders  such  a  result  impossible; 
while,  in  the  majority  of  cjmp- 
the  force  requisite  to  orereoaa  d* 

resistance  to  the  paasa^  of  fln^ 

ii;"i;;«ofT;r«i].'id'S|^^  *'*"'g  *  ^^S^^J  convolated  tobe  a 
■iMtwmm  tniw.  »•  c»p.Bie.  e.  Tnfi  the  rcvefSfl  direction  to  that  whkk 
Ln^q^  its  contents  naturallj  take,  ii  wrt 
*«..ei!"H^,!i1i^'.i?*iii!N^M^-«^3i  than  sufGcient  to  eaose  its  nptM 
P^;:™l'S?^--Ji£K'^'l'iiS'n''5  ,  Thekidn«yoftheho™.i.»y  j 
Hi  diuseien.  favouTAOle  foT  demoiutnttiiig  tfcM  ' 
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points,  and  the  double  injection  composed  of  acetate  of  lead  and 
bichromate  of  potash  will  be  found  to  furnish  the  most  satisfactory 
results. 

In  the  kidney  of  the  frog,  or  of  the  newt,  the  continuity  of  the 
capsule  with  the  basement  membrane  of  the  tube  is  exceedingly  dis- 
tinct and  easy  of  demonstration.  The  tuft  of  vessels  is  seen  lying 
naked  within  the  capsule,  uncovered  either  with  epithelium  or  by 
any  reflection  of  the  basement  membrane  composing  the  capsule. 
In  the  frog,  the  neck  of  the  tube  close  to  and  some  way  within 
the  capsule  is  lined  with  ciliated  epithelium,  which  continues  in  very 
active  motion  many  hours  after  the  death  of  the  animal  {vide  fig.  8, 
p.  76.)  In  the  newt,  and  in  some  snakes  and  other  reptiles,  the 
tnbe  is  completely  lined  with  ciliated  epithelium  throughout ;  and  by 
the  activity  of  the  motion,  the  epithelium  can  be  traced  for  one- 
third  of  the  way  within  the  capsule.  Ciliated  epithelium  has  not 
yet  been  demonstrated  in  the  kidneys  of  mammalia ;  but  in  one 
instance  Gerlach  has  seen  it  in  the  kidney  of  the  fowl.  In  various 
fishes  and  in  many  reptiles  it  is  very  frequently  met  with. 

The  statement  of  Gerlach  and  other  observers,  that  the  vessels  of 
the  Malpighian  tuft  are  invested  with  epithelium,  may  be  explained 
by  the  fact  that  small  granular  or  nucleated  cells  may  be  frequently 
observed  in  connection  with  the  vessels.  After  repeated  and  careful 
observation,  we  are  convinced  that  these  cells  are  situated  either 
^within  the  vessel  itself  or  enclosed  in  its  wall  (fig.  233).  In  the 
tuft  of  batrachian  reptiles,  the  white  cor- 
puscles of  the  blood  often  give  the  idea  of  Fis-  ^^S- 
being  connected  with  the  wall  of  the  vessels, 
instead  of  lying  in  their  interior.  When  < 
the  vessels  are  much  shrunken,  and  their 
vails  a  little  plaited,  or  corrugated,  the  ap- 

{>earance  of  cells  lying  upon  the  little  capil- 
ary  loops  is  produced  when  these  loops  are 

seen  in  profile.  We  have  been  able,  in  s^^npTrtionofaioopof  cpii- 
many  instances,  however,    to   demonstrate    laryvwHeuoftbPtuftof  thekij- 

,■;  ,  .         1  11         .^i  .      .1  II     n«»7    of    the    largo    water   nowt 

amall  oval  or  circular  cells  withm  the  wall  (Triton  crisutos).  vhowing  uueiei 
of  the  capillary  vessel  itself,  and  are  in-  ?rHJVb..T;^lhe^rei  ?;.;;'» 
clined  to  look  upon  these  as  the  nuclei  of  m^nifled^af^^iamoteii  "'**'*'*• 
vessels.     Here  and  there  a  granular   cell 

may  sometimes  be  detected  on  the  surface,  but  they  are  very  few  in 
number  and  irregular  in  their  arrangement ;  and  we  are  satisfied 
that  it  cannot  be  regarded  as  a  fact  of  any  physiological  importance, 
and  that  the  vessels  of  the  tuft  are  really  bare  within  the  capsule. 

Convoluted  Portion  of  the  Tube. — From  the  capsule  of  the  Mal- 
pighian tuft,  we  pass  to  the  convoluted  portion  of  the  tube,  which  is 
directly  continuous  with  it.  This  is  composed  of  a  delicate  base- 
ment membrane,  lined  by  epithelium.  Externally,  the  basement 
membrane  is  in  close  contact  and  probably  incorporated  with  the 
matrix  of  the  organ ;  and  it  is  in  immediate  relation  with  an  abund- 
ant capillary  plexus,  which  carries  the  blood  after  it  has  passed 
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throagb  the  Teasels  of  the  Malpighian  boily.  It  is  front  tlui  blool 
tliat  toe  elements  characteristic  of  the  ariasry  Becretion  are  selected 
by  the  epithelium  lining  this  part  of  the  tube.  The  diameter  of  tlw 
tobe  is  less  immediately  after  leaving  the  tuft,  than  in  the  rest  of  iti 
course  farther  down  (fig.  234).     The  epithelium  in  the  conrolited 


portion  of  the  tube  presents  an  excellent  example  of  the  apheroi'Jai 
or  glanJular  variety.  It  consists  of  polyhedral  particles  rather  ler; 
than  j-o'oD  of  an  inch  in  diameter,  with  a  distinct  nucleus,  and  M.- 
taining  numerous  granules,  and  occupying  as  much  as  one-third  or 
more  of  the  total  diameter  of  the  tube. 

The  extreme  diameter  of  the  convoluted  tube  is  about  -jj^  of  in 
inch,  while  the  diameter  of  the  central  canal  is  not  more  than  from 
to'on  to  soo  '^^  ^^  inch. 

A'tra>g/it  Portion  of  the  Tube. — The  straight  portion  of  the  tul'c- 
of  whick  the  medullary  cones  or  pyramids  are  composed  form  arjf- 
tomoses,  or  if  traced  from  the  papilla  towards  the  base  of  the  ym- 
mid,  the  large  tubes  near  the  apex  may  be  said  to  divide  diclioio- 
mously,  so  that  the  number  of  the  individual  tubes,  which  vouU 


Fig.  28fl. 
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he  aeen  in  •  transrerse  Bection,  Fig. 

iQCreueB  as  we  proceed  from  the 
•pices  of  the  pyramids  towards 
tbeir  bases,  while  their  diameter 
eradnall;  dimiDisheB.      In    the 
Utter    situation    there    may   be 
maoT  thousand  tabes,  while  the 
namber   of   openings   apon    ttie 
extremity   of  the  mammilla  are 
comparaUvely  very  few  in  nam- 
ber.    The  tubes  at  their  orifices 
Tary  in  diameter,  from  the  , Jg  to 
the  i^B  of  an  inch,  while  towards  > 
the  base  of  the  pyramid  they  do  t 
not  exceed  ,(,  of  an  inch.     The  i^oV.  -,.» 
aggregate  capacity  of  the  tabes  S^'KJJh" 
at  the  base  of  a   cone  is  enor-  tnuHnmi  gmBsiu'iutiix.  d.  Kifniioi  abgat 
moasly  greater  than  that  of  the 
macb  smaller  number  of  somewhat  larger  tnbes  at  their  orifices. 

The  epithelium  in  this  lituation  differs  in 
charaeter  from  that  in  the  convoluted  por- 
tion of  the  tubes ;  the  cells  are  smaller, 
more  tranntarent,  and  approach  more  nearly 
to  the  scaly  or  tessellated  variety.  They 
Mem  rather  to  serve  as  a  protective  layer 
than  to  share  in  the  secreting  function. 
The  cells  here  are  usually  very  thin,  ap. 
proaching  to  squamous  epithelium  in  cha- 
racter ;  and  although  the  total  diameter  of 
the  tube  is  less  than  that  of  the  convoluted 
portion,  the  diameter  of  the  central  canal 
u  ^eater. 

VeueU  of  the  Kidney. — The  renal  arte- 
ries divide  into  four  or  five  branches,  which  ^ji_^^u  i-nftTi  u»ii 
enter  the  kidney  at  the  hilnm  between  the  Thsiro«uoB  iiur«i*tnMduli^ 
vein  and  the  ureter.  These  vessels  are  aur-  y.'o'iiir^u^n^iiZ^www 
rounded  with  a  quantity  of  fat.  They  pass  SSo''™B5r'of  bl^it/  ■'J 
between  the  papills  to  the  bases  of  the  ['/""'•X!"Ti'^irtd'"'f  a* 
cones  over  which  they  spread.  From  tonl^u ioIh. i, ', i, <•  ™M-ta. 
these  arteries  smaller  branches  are  given  «f'^!'JS7h!^.^™J^'^'™' 
off,  which  ascend  in  the  oortic^  substance 

nearly  to  the  surface,  and,  in  so  doing,  give  off,  on  all  sides,  a  namber 
of  small  terminal  twigs,  the  afferent  vessels  of  the  Malpighian 
bodies.  Arrived  within  the  capsule,  the  small  afferent  vessel  at  once 
divides  into  four  or  five  branches,  each  of  which  again  divides  diohoto- 
mously.  The  small  capillary  vessels  form  loops,  which  project  towards 
the  opening  of  the  uriniferous  tube.  The  blood  is  received  from  these 
VMsels,  which  lie  towards  the  outside  of  the  tuft,  by  branches  of 
the  efferent  vessel  which  converge  towards  the  more  central  part  of 


form  otte  tmnk,  which  leaves  tfci 

sooti  breaks  up  into  a  plexue  of  cupillvr 

""  vessels,  in  the  meahes  of  which  the  tnW 

lie.  The  terminal  arterial  twig*  wiik 
their  appended  tufts,  when  injectci  »itli 
Termilion,  have  been  compared  not  iiiJij)il| 
to  a  bunch  of  currants. 

The  aixe  and  complexity  of  the  Mftl{H- 
ghian  bodies  differ  much  in  different  ani- 
niiils,  according  to  the  activity  of  lit  ' 
function  theyare  called  npon  to  diacharge. 
The  Tessela  present  fewer  conrolatioo*, 
the  tufts  are  stnaller,  and  their  arrang*- 
ment  much  simpler,  in  those  snimtla  in 
which  the  urine  is  almost  of  a  solid  coti- 
B)Btence.  Compare  the  complicated  *r- 
rangement  in  the  horse  and  other  mtin- 
molia  in  figs.  236  and  237,  with  the  fe* 
and  simple  convolutions  io  inrdt,  Gg. 
238. 

By  reference  to  the  table  on  next  fgt, 
it  will  be  seen  that  the  diameter  of  tlie 
tuft  in  the  parrot  and  in  the  bga,  iilen 
than  in  any  other  instance  recorded;  and  is 
these  animals,  as  is  well  known,  the  nriiM 
is  almost  solid.  It  ia  especially  woriJij 
of  remark,  that  the  uriniferoua  tubes  do 
not  exhibit  «  oorreBponding  £flinMi  h. 
dimenBiom. 


Prom  Ik* |Mml : Injected IiT  lh*irt«r.  0,0,1.  TmtdIuI  bnocho of  Iha ftrtcrr.  ar,mf,tf.nf- 
mlul  lwl|>  or  Ihe  tneij.  d.  DllitiUon  of  th«  tvnnlnil  lirig  im  nil«lii(  (hi>  M^plflilu  ■apHli. 
M.  Thli  dllkUtlos  msn  aompluel;  aued.  shnwlBglu  roDTnluled  form ;  and,  4C,  cT.  lb*  itHw  tb- 
(sl.  s.  ThaHtlplghlmBHpaiilefllledbr  cilrmTuitlDaltiimlhasaDteiBsdTMMi,  udlkatakalBt^ 
wlMUlad.    ICiCBlbd  iboat  80  dluutan. 
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TabU  of  the  Diameter  of  Mafpighian  Bodies,  and  of  the  Tubes  emerging 
from  them,  in  Fractions  of  an  English  Inch. 


Diameter  of  Malpighian  bodies. 

Diameter  of  Tubes. 

Maximnm. 

Mean. 

mDlmam. 

Maa      .... 

!■« 

ih 

Til 

%u 

Dog      ...        . 

lit 

Tb 

tU 

ilr 

Rat       .... 

ill        . 

Tif 

lit 

il( 

Hone  .... 

V. 

V. 

it 

xU 

Parrot  .... 

<t« 

lb  to  Til 

TurtoiM 



lU 

— 

th 

Boa      .... 

fiff 

<<• 

xU 

lis 

The  small  efferent  vessel  from  the  Malpighian  tuft  passes  at  once 
into  the  plexas  round  the  tubes,  and,  as  it  lies  between  the  capil- 
lary plexus  of  the  tuft,  on  the  one  hand,  and  that  surrounding 
the  tubes  upon  the  other,  it  bears 
the  same  relation  to  these  two 
capillary  systems  as  the  portal 
▼ein  bears  to  those  of  the  intes- 
tinal canal  and  the  liver  ;  hence 
these  efferent  vessels  may  be  re- 
garded as  analogous  to  a  portal 
system  of  vessels.  This  view  is 
further  strengthened  by  an  exa- 
mination of  the  arrangement  of 
the  vessels  in  the  kidney  of  the 
boa  constrictor,  figs.  289,  240. 
In  this  animal,  the  blood,  after 
passing  through  the  capillaries  of 
the  Malpighian  tuft,  enters  the 
efferent  vessel,  which  conducts  it 
into  the  branch  of  a  portal  vein 
ramifying  upon  the  surface  of 
the  lobule.  From  the  portal  vein, 
it  passes  into  a  system  of  venous 
capillaries  surrounding  the  tubes, 
from  which  it  is  at  last  carried 
into  the  emulgent  veins,  which, 
with  the  artery,  lie  in  the  central 
part  of  the  lobule. 

'^  The  comparison  between  the 
hepatic  and  the  renal  portal  circulation  may  be  thus  drawn  in  more 
general  terms.  The  portal  system  of  the  liver  has  a  double  source, 
one  extraneous,  the  other  in  the  organ  itself;  so  the  portal  system 
of  the  kidney,  in  the  lower  tribes,  has  a  twofold  origin,  one  ex- 
traneous, the  other  in  the  organ  itself.  In  both  cases,  the  extraneous 
source  is  the  principal  one,  and  the  artery  furnishing  the  internal 
.source  is  very  small.     But  in  the  kidney  of  the  higher  tribes,  the 


Plan  of  the  arrancement  of  the  elements  of  a 
lobo  of  the  Udnej  In  the  boa  conitrietor.  The 
reforeacet  are  the  Mune  as  In  Fig.  2Ml 


portal  system  has  only  one  internal  soarce,  and  the  lu-ter;  « 

ing  it  is  proportionably  large."* 

Of  the   Secretion  of  Urine. — Having  psseed  in  review  llie  Uk- 

tomical  airangemeot  of  ibe  different  stractureB  compoeing  ihe  ki4wf, 
we  shall  aow  proe«ed  M 
Fig.  240.  consider  brieBv  the  fiiM- 

tioDs  wbiob  tae  eefcnt 
parts  perform.  First, iiitk 
regard  to  the  M&lpigUu 
tufts ;  ne  have  alrud; 
Been  that  in  animslA,  in 
which  the  arinarjr  excre- 
ment is  passed  in  n 
almost  solid  form,  the 
tafta  are  small  and  simp  1« 
compared  with  thoM  in 
the  kidneys  of  aniaalf 
whieh  pass  the  arinar; 
constituents  insolatioBiii 
'*'  a  large  quantity  of  vatK. 

Pun  of  wg  fee  ihuiiid.  •howing  tht  tmapmrat  ai  tiit    There  Can  bo  little  doobi 

^IMtli  and  nrlnlfMoui  Inbm  iDlheWdnei  nf  IJii!  bo*,  und      .1     .    .1  -    1    , 

iBUBtinmlitUnliliiid  with  m  portal  TelDrmmkiiHtMinoiu      that  tQfl    Special   nUOlU 

bSr/i^'ST2:/jSfi."!X'C,'^»pC5    of  the  vessels  of  iktt^ 

IS:(^i"\v'^"iS.i'.?»«h'S'j1£;?J,2i'^.'™:::5i  «,  to  furnish  th«  m 

tts  MirtlllCTPlajras. p.  .nrroojdlng lh«  orinlfcr™  Inbe.T      portioD  of  the  Urine,  whfll 
Xnuli<palrelD<nUilnIb>-li<rH.n«'l'lngllii'MMdrroiDtha      tbC      SOllO      matter,    COID- 

£l:^°iV<3T.r.;'S'i'^°r.™!"™'  ""*■  '"""'^  '"  ""  posed  of  various  orftuic 
constituents  and  inorn&ic 
salts,  is  separated  by  the  aid  of  the  glandular  epithelium  which  IkiN 
the  convoluted  portion  of  thfl  taSm. 
"It  would,  indeed,  be  difficult  t«  mr 
ceive  a  disposition  of  parts  mor*  calct- 
lated  to  favour  the  escape  of  water  frm 
the  blood  than  that  of  the  Malpighisl 
body.  A  large  artery  breaks  up  in  * 
very  direct  manner  into  a  number  of 
minute  branches,  each  of  which  suddenh 
opens  into  an  assemblage  of  vessel  of 
far  greater  aggregate  capacity  than  iuelf, 
and  from  which  there  is  bat  one  narroir 
exit.  Hence  must  arise  a  very  abrupt 
retardation  in  the  velocity  of  tbe  ouiwt 
of  blood.  The  vesaels  in  which  thii 
li°ibe'^u^,'  ii^u'"tba"*u^in.1  delay  ooonrs  are  uncovered  by  »y  itnc- 
fSS' Jhkh  'h.^T^i"ffi^1;.  «  ^^"-  They  lie  bare  in  a  edl  fron  whM 
iwtiu  TeMiii, ».  oihir  tBareai  im-  thcTe  Is  bst  one  outlat."f  The  anBiiit- 
of  apuiuio*  nrrounding  tke  nrini-     ment  of  the  couvolated  portion  of  m 

fwoMtnbo./.    F™nlhl.pl«iiuth.      j,,,^    ;„    „„    o™*;!.,    *„    .I,.*    ^t 


Fig.  211. 


•  Phil.  Tnuw.,  1842. 


tubes  is  very  similar  to  that  of  othv 
t  FhU.  TtMi.,  ISO. 
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seeretiDg  tabular  gland-stnictnres.  We  have  a  delicate  basement  mem- 
brane in  contact  with  vessels  npon  one  snrface  and  having  secreting 
epithelium  npon  the  other.  The  capillary  network  surrounding  the 
miniferous  tubes  is  the  counterpart  of  that  investing  the  tubes  of  the 
testes ;  and  the  epithelium  is  allied  in  structure  to  the  best  marked 
examples  of  glandular  epithelium,  and  there  can  be  no  doubt  that 
the  function  of  these  cells  is  such  as  we  have  described.  There  is  no 
Teason  for  supposing  that  the  cells  of  epithelium  undergo  rapid  decay 
and  renovation ;  it  appears  more  probable  that  they  are  not  being 
eonstantly  shed,  either  in  an  entire  or  disintegrated  state,  but  that 
they  have  the  power  of  selecting  pertain  materials  from  the  blood, 
ana  afterwards  giving  them  up  without  their  destruction.  In  the 
Btraight  portion  of  the  tubes  the  epithelium  becomes  thinner,  and  ap- 
proaches more  nearly  to  the  pavement  variety.  It  probably  serves 
principally  as  a  protective  covering,  and  takes  no  part  whatever  in 
the  secretion  of  the  urine. 


URINE. 

Hetlth  J  nrine  is  a  dear,  limpid  fluid,  of  a  pale  straw  ooloor,  emitting  a  peculiar  and 
eharaeteristio  odoor  while  warm,  and  exoiting  a  saline  and  somewhat  bitter  taste.  As 
the  solid  constitaents  of  this  flaid  are  entirelj  exorementitioas,  and  in  great  part 
dmiTed  from  the  disintegration  of  the  tissues  oonoemed  in  the  ohemical  changes  oon- 
neeted  with  animal  life,  we  should  be  led  to  expect  ti&at  anj  aJteration  in  the  acUrity 
of  these  Auctions  would  lead  to  a  corresponding  yaiiation  in  the  characters  of  the 
mine.  Even  in  a  state  of  health  the  qualities  of  tiie  urine  Taiy  much ;  and  it  has 
been  found  that  actire  exercise  exerts  a  considerable  influence  upon  the  quantity  of 
some  of  the  most  important  constituents  of  this  fluid.    Nitrogenous  matter,  taken  In 

S eater  quantity  than  is  required  for  the  wants  of  the  system,  will  be  eliminated  by 
e  kidneys  in  the  form  of  urea,  and  the  composition  of  the  urine  will  therefore  be 
Influenced  by  the  character,  as  well  as  by  the  quantity  of  the  food.*  If  an  unusual 
qnuitity  of  water  be  taken  into  the  stomach,  a  great  proportion  will  rapidly  be  elimi- 
nated by  the  kidneys,  and  the  urine  will  be  found  to  be  Tcry  dilute,  and  of  low  specific 
gravity.  Again,  as  the  action  of  the  kidneys  is  materially  affected  by  the  actiTity 
with  which  Uie  factions  of  the  skin  are  cUscharged,  the  condition  of  this  great  se- 
ereting  surface  has  much  to  do  with  the  quantity  and  quality  of  the  urinary  secretion. 
Changes  of  temperature,  for  the  same  reason,  will  cause  the  urine  to  vary  in  quantity. 
In  hot  weather,  when  the  Amotions  of  the  skin  are  increased,  and  a  large  amount  of  water 
is  in  this  way  remoTcd  from  the  system,  in  order  to  compensate  for  the  effects  of  the 
increased  external  heat,  the  urinary  secretion  is  much  diminished  in  quantity,  and 
becomes  more  concentrated,  while,  in  cold  weather,  when  this  cooling  effect  of  erapora- 
tlon  is  not  required,  we  find  the  amount  of  urine  much  increased,  and,  therefore, 
diminished  in  density.  A  dry,  or  humid  state  of  the  atmosphere,  in  consequence  of 
affecting  the  rapidity  of  cutaneous  transpiration,  will  exert  a  certain  amount  of 
influence  on  the  quantity  of  water.  It  does  not  appear,  howeTcr,  that  the  quantity 
of  the  solid  constituents  excreted  in  a  giren  time  is  much  altered  by  these  circum- 
stances. The  state  of  the  nerrous  system  will  often  be  found  to  haye  a  decided  influ- 
ence in  modifying  the  characters  of  this  secretion ;  and  rarious  mental  emotions, 
fluch  as  sudden  joy,  or  fright,  or  anxiety,  will  cause  the  secretion  of  urine  haring  a 
much  larger  proportion  of  water  than  usual. 

All  these  drcumstances,  and  many  others  of  less  importance,  hare  been  found  to 
affect  the  characters  of  healthy  urine ;  and,  on  this  account,  considerable  difficulty  has 
been  felt  in  attempting  to  define  the  precise  characters  of  the  secretion  in  health. 
Again,  the  compoution  of  the  urine  differs  at  different  periods  of  life,  but  in  a  much 

*  The  IVeqaencT  with  which  we  meet  with  m  exccM  of  area  in  the  urine  of  cor  countrj- 
roen  is  orobebly  depcDdent  in  ■ome  meeiare  upon  the  highly  nitrogenous  nature  of  our 
Ibod.  On  the  continent  of  Europe  thii  is  so  rare,  that  lome  foreign  obeenrera  appear  hardly 
to  credit  the  statements  with  reference  to  the  frequent  pretence  of  excess  of  urea. 


'  Urine. — The  quMtitf  of  urine  (liachar^Ml  in  ihe  eotino  rff  ul)  Im 
aU)  of  liesltli,  Tnriea  Tcr;  much,  but  it  mo;  b*  bhiiI  to  BBtoaul  Uihtf 
v*s.  Tbe  denaitj  T&riv«  fruin  1  010  to  1020  or  1  U3S  ud  ikcqMBV 
.«r  lioiB  4  or  6  to  B  per  oeot.  The  sjnouDt  of  solid  nulla  diaBflri 
from  111*  kHa*j*afalaM| 

roughly  sUltd  t«  b*  ikM 
1000  gDdiik  to  n«MHto  , 


ll.o 


but    tbe  intvBsIt;  *f  ibt  » 
kclion     Ttnti    u    Mtth  ' 
perioda    of   th*   4>^    It. 
Beno*  Jon**,  wbalMikMr  , 
iDTREtigalod    lU*   HliM 
,,^   '>  faund    tliat    lh«  nrlia  ■■ 

^  J  iDOBt  add   ivnuAa^r  1^ 

.-;.V'  foro  taealj.BBdtk*W«li9  , 

1^.  until  Sic  oraUknntfM 

^St  Iho   luval.     Thi(  woitl"* 

7^"^  ivccuiring  in   tb*  wit*  w 

crated  stioa  klbr  ififnto. 
ill  o(  iiUitu    Jcpands  uun  th»  ^oHiarr 

in  eoocqacoM  i/ifct  fc« 
punt  tiunuf  certain  aluitai 
t  of  thB  gastrio  juice. 
ttribuled  to  tbe  presCTC*  of  Am  hrti 
j,>tioaS  of  Liebig  hnre  rendfraJ  II  jaitiHa 
it  clepande,  not  upon  tbe  existeoM  of  fWe  or  unoombiued  acid,  but  vf&ntitjf 
eance  of  oerlaia  salts  which  exhibit  a  decided);  acid  reaction,  nltLau|b  ibcn  it  M 
free  OTUDDombioedaci'l,  Such  sails  orepreseDted  toae  io  the  pboepbatea,  wkkbkMi 
the  property  of  being  rer;  rcadil;  cbsngcd  from  tbe  alkaliue  to  U>e  add,  or  infwli 

Fig.  218. 


I f. 

fbntisti  tbe  acid  entering 

The  reaction  of  healthj  .. 
acid.  ODit  also  to  acetic  acid ;  but  the  i 


CmUoTIIh  nrlBlbnu  tobn.  a.  Ca*t«  wltli  epIth^lBm,  ai#al 
larga  Dait  eoutaliloc  eeltlwIlnD.  e,  Hmill  grmnniir  cuti.  d.  Ban 
lii(  M  sella  aad  flaaoU,  at  ■aallllUdwltbbt  (lobalaL   /■  Paa,- 
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After  Rlanding  for  tomt  hours,  hwlthj  urine  depoiita  a  slight  preetpitite,  farming  a 
H^t  floeeDlmt  elond,  conBistioi;  of  Tesical  mucus,  knd  a  little  rpilhelitti  debris.  This 
dspoait  ia  much  more  abunilnaC  in  the  urine  of  iromen,  in  consequence  of  the  &dmixtnra 
■f  %  ooatidtrable  qunntity  of  vnginal  epithelium.  Not  uafrequentty,  epithelium  from 
tha  urethra,  or  bladder,  will  be  found  in  this  deposit,  and  spermatoiaa  are  occasionallj 
^Mt  with.  In  diaease.  the  deposit  mii  j  consist  of  pus.  or  blood-corpuscles,  and  fibrin- 
MM  mould*  of  the  ariniferous  tubes.*  entangiiog  cells  of  renal  epithelinm,  whieli  maj 
OOBlaln  man;  oil  globnies,  and  crystals  of 
yw»i»».  of  lime,  pus,  or  blood  glohulea,  are 
MMetiMestband.  In  snah  cases,  the  urine 
vtil  aUo  eoBtain  albumen.  Among  the  de- 
potfU  moat  bequentt;  obierred,  mnj  be 
^hbUoswI  the  amorphous  deposit  of  lithale 
■f  Mda,  erystala  of  litbie  acid,  of  oxalate  of 
Uaaa,  of  triple  or  ammonia  go -ma  goes!  an 
'    '  a,  and  ocea^onall;  orjstals  of  cja- 

ne/Htalthy  Urmi. — The  urine 
la  »htghlTOomplei  fluid,  and  cnutoins  aub- 
atanoaahBTingTerydiffcrttit  properties.  Iti 
MMitlnunt*  are  composed  parti;  of  organic, 
■Bd  partly  of  inorganio  componnds  irhi  ' 
■n  held  in  solution  in  the  aqueous  port! 
of  the  Mcretion.  A  small  quantity  ofcarbonio  aaid  gas  is  likewise  olten  fbtiud  held  in 
aolnttoii.  The  ohief  organic  constituents  of  health;  urine  are  the  followinf :  urea,  urte 
or  Utkit  acid,  and  certain  eztraetiet  molferi,  with  small  qnantitiss  of  erealinf,  ertaliiiint, 
kmymrie  and  latlie  addi,  and  ammoniaeal  tatU.  The  inorganic  constituents  consist  of  oer- 
tMB  nits  which  enter  into  the  composition  of  the  food,  but  which  are  not  required  for 
A*  wants  of  the  system,  and  salts  which,  baring  performed  certain  offices  by  their  pas- 
lua  through  the  tissues,  are  no  longer  required,  and  certun  other  saline  componnds, 
vMcb,  like  many  of  the  organic  constitneuts,  are  formed  b;  oxidation  in  the  procesges 
—  -"  '-1  nutrition.  The  inorganio  salts  are  composed  of  ehloridt*,  tulpMalet,  and 
ith  traces  of  nVi'm,  and  the  bases  entering  into  the  composition  of  thess  salts 
Kn,pot<uh,  loda,  time,  and  magnaia.  It  ia  exceed iogly  difficult  to  ascertain  the  precise 
oonposition  of  the  salts  as  they  wsre  originally  held  In  solution  in  the  nriue ;  for,  in 
tbe  processes  of  eraporation,  and  subsequent  inoineration,  oertaia  decompositions  take 
jdaee,  which  entirely  alter  their  nature.  The  quantities  in  which  these  substances 
o«enr,  Tary  in  different  specimens  of  urine,  and  the  publishsd  analyses  of  the  seere- 
tioD  in  a  healthy  state,  wilt  be  found  to  differ  considerably  frem  each  other.  This 
£Arcnee  arises  chiefiy  from  the  rariation  in  the  proportion  of  water;  for,  by  calou- 
Uting  the  relation  existing  between  the  quantities  of  the  Mreral  solid  constituents,  it 
will  be  fonnd  to  be  nearly  the  same  in  all. 

The  following  is  an  analysis  of  healthy  human  urine,  by  Dr.  Miller.    The  percent- 
age composition  of  the  solid  matter  is  shown  in  a  separate  column.    Specific  graTity, 


Urea 

14-28 

Uric  aeid     .... 

■87 

Organic  mattara 

12-68 

29-S22 

Water  citracliTe. 

1-60 

Vesical  mucus      . 

•17 

Muriate  of  ammonia    . 

■91 

Chloride  of  Sodium 

7  22 

Phosphoric  acid  .         . 

212 

Filed  Salts 

Sulphuric  acid    . 

Lime 

Magnesia    .        .        .         . 

13168 

-12 

Potash         .        .         .         . 

Soda 

■05 

*  Diaeaies  oflhe  Kidnej,  by  Ceorf e  Johnaoa,  H.  D. 


Una  (C,H,N2  0,)cnDBtitute8iieaTlThiiirof  the  solid  n 
the  eecretioD  lUelf  oontuos  from  2'lj  to  3-2  percent,  of  this Bubstuiea.  n*ip 
booBTer.  is  much  inorea^ed  b;  eiercise,  or  by  b  purely  boinul  dj*t.  kwmi 
J,gIudiuid,  trben  a  highlj  uitrogsnoas  diet  ii  taken,  a  qoanlily  of  on*  ¥ftti  I* 
flTC-aiiths  of  the  nilrogenons  nuitter  introduoed  U  eljmiii&ted  bj  tin  Udonm. 
wderable  qnuitit;  of  ure&,  however,  a  formed  nhen  no  food  irbMe««r  fa  III 
irbSD  a  Don-uitrogeDans  diet  a  adhered  to  for  a  conridenkble  perioit,  vUcfc 
•howa  that  a  large  jiroporlioD  of  urea  ia  deriTed  from  the  disintegrkdon  ef  tlwl 
b;  the  prooesa  of  seooiidar;  DaBimilntton.  It  it  often  <)ete«t«d  ilk  ah 
In  the  arineof  patients  snffeiing  from  rheumatiBm,  and  certMn  febrile  i 
In  Tftrioas  diaeasea.  it  may  Bometimea  be  obtained  from  tfais  fluid  in  ttajmr^^^^ 
Ilea.  This  oondittou  is  ver;  commonly  asBooinUil  with  diseoeea  of  t!i*  UdM^al 
leads  to  the  deyelopment  of  coma,  which  ia  oflan  fatal.  Droa  baa  been  lUtMteJ  h  Ita 
blood  of  patienta  suSering  from  cholera,  and  once  by  Dr.  Garrod.  in  that  it  tfini 
patient.  In  the  seroua  Quids  poured  out  in  Torious  parts  of  the  body,  la  caaM  if  kit 
ne;  disease,  aa  well  as  in  several  of  tbe  secreliona,  such  aa  tile  ■ali*&.  An.,  il  tHta* 
foncd  in  large  quantity.  Dr.  Owen  Rees  has  met  with  it  in  mit)>,  and  tb*  sat* 
Henor,  and  Wobler,  bare  found  it  In  the  liquor  amnii,  aa  obaerratiaD,  boavn^ttU 
oibera  haie  faiied  to  oonGnu.  It  baa  been  detected  in  the  aqneooa  aad  ilb<M(  !•■ 
mours  of  the  eye. 

There  can  be  little  doubt  that  area  ia  formed  in  the  blood  by  tha  moOm  ti  law  ' 
upon  lithio  acid,  creatine,  and,  possibly,  opon  some  of  the  msttera  caaprtaM 
nnrler  the  indefinite  term  of  extractive  matter.  In  a  Btate  of  health  U  k  mw^ 
•eparated  fh>m  the  circulating  liuid,  id  ita  passage  through  tbe  kidnvyl.  tbtlltop^ 
senae  ia  not  easily  reoogniied:  but,  in  animals  In  whioh  these  orgkai  Imt>  liHi^  . 
tlrpated,  it  aeoumulBtCfl  to  sufficient  quantity  in  the  blood  to  be  deteoled  «llh  kd9> 
Urea  cannot  be  extracted  from  the  muacles,  although  it  ia  probable  Ikal  Itepaa* 
quantity  excreted  is  formed  from  the  effete  materials  prodooed  b/ tmwMdv  Mdi^ 
ainee  Uie  qaautlty  of  itr«a  is  so  much  inores^ed  by  eieroiae,  and  ia  atao  fniNiA 
sltbou^  only  non-nitrogenoua  food  he  taken.  Al  the  same  time,  it  la  •IwattsHl^ 
that  if  an  amount  of  nitrogenous  food  greater  than  ib  required  by  ikawaoarf  to 
,  aystem,  be  taken,  the  excess  becomes  conTerted  into  urea,  and  ia  -"— 't--'t1  him  ii 
ay  St  em  by  the  kidneys.*' 

Uric  OT  Lithic  Add  (C,a^t^tO^  is  always  present  in  bealiby  nrina,  and  ^M  Ii 
tbe  proportJon  of  about  one  part  in  a  thousand.  It  may  very  readily  ba  sbtataidtf 
the  addition  of  a  few  drops  of  bydroobloric  acid  to  a  portioD  of  tbe  orio*  ('■m'  ^* 
conioal  glass  vessel.  After  the  lapBe  of  a  few  hours,  the  uHo  acid  ia  faand  difatfiri 
ID  the  form  of  smatl  orystalline  grains,  adhering  to  the  sides  or  oolleolad  bI  UwbW 
of  the  glass.  Uric  acid  prepared  in  this  manner  is  always  highly  Mlosrsl,  aM 
■  li fii  III  Mill  I  i I iriiiiliiiiiiiiiii  niiiiil  iifliiiirj  fill  11 iliiiiiliniiiiUM  rflli 

Uric  acid  eilsts  in  healthy  urine  in  comblDstion  with  soda,  and  perhapa  atoftt 
ammonia  and  lime;  as  theao  aalta are  only  present  in  small  quantity  tbejaiaUlb 
solution,  but  in  the  urine  of  patients  suffering  from  fever,  tbcj  oflon  fom  ta.  abnW 
deposit,  whioh,  in  this  oountry,  is  generally  known  as  lithWto  of  annaiaiB,  attM^ 
LehmaoD,  Beoquerel,  and  Heinti,  aU  agree  that  It  fa  oompoaed  pciadpal^  if  UM 
of  soda. 

In  the  urine  of  the  oamiTora,  niio  aeld  Is  pfawmt  in  a 
general  rale,  it  is  absent  from  the  urine  of  the  berbiTOTft;  aa 
it  cannot  be  dstscted  in  the  urine  of  the  omniTorous  pig. 
and  that  of  serpents  and  other  reptiles,  and  of  many  inaeoli^  TfffiTalna  » latga  iaMR9 

•  It  hu  lately  been  advanGwi  by  Dr.  Frerieha,  Ost  la  oaaaa  Ea  whidi  Aa  sm  k  ^ 
veoled  fton  being  eliminated  from  the  blood,  either  by  the  wrtirpatioa  oftta  kMaaji  [■  >■ 


in  (owll  maalt^,  bi^  «  • 

!«.     Tha  manmrntaWk, 


upon  animala),  or  in  eiMS  io  whioh  tbe  (hnotioBa  of  thaaa  oifiaBkavsta 
inpalred  by  diseue  (■■  in  cerUin  fiinni  of  Bright*!  kidnay),  (bia  Til»1aaos  ia  NSiMi 
whilst  ia  the  cirenlating  blood,  ioto  carbonate  of  ammonia  t  tha  praaaaBa«f»Ma^MMS*y 
to  ihia  Dhaerver,  give*  rite  to  the  coma  which  lo  fteqaaDtlj  caniaa  off  paiianls  iant^ 
vanced  stage  of  rami  disesss.  We  should,  however,  rtata,  that  Ikia  *law>aa  Ml  )■ 
received  coefirmition  from  the  eiperimeali  of  other*.    Tbat  aoc     "      "  ~'~     * — 

may  be  present  ig  the  blood  wilhoat  giviog  rite  to  any  tsrioo* 
from  actual  eiperiment ;  bnl  it  tbe  tame  lime,  wa  coniider  that  Ibara  ia  aa 
to  prove  that  the  coma,  JD  many  cttea  ofkidney  ditaaae,  ladepaDdaat  apoL  ._. , 
urea.    We  have  letted  tha  brsatb  of  a  Aw  pilienu  tufferiag  Hon  tUs  IbnB  il  m 
King's  College  Hospital,  and  have  alio  eianunsd  the  blood,  bat  h«Ta  Itllsd  MiiMi 
the  pretence  ofcarboDaU  of  ammonia. 
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•ff  alkftline  vntet.    Goano,  m  la  well  known,  is  ehiefly  oomposad  of  lithato  of  ammo- 


After  proAise  penpiration,  the  qnantitj  of  nrio  add  haa  been  fonnd  to  be  diminished 
Im  the  urine ;  bat  a  purely  animal  diet  exerta  but  little  inflnenoe  upon  the  qnantitj  of 
iUa  anbetanoe  excreted  by  the  kidneja.  It  ia  mnoh  increaaed,  however,  in  all  febrile 
aonditiona  of  the  ^jatem,  and  after  imperfect  digestion  of  food.  In  cases  where  the 
VMpiiBtorj  Amotion  is  impaired,  the  amount  of  uric  add  has  been  found  to  be  abnor- 
BsUy  increaaed ;  and  insuffident  exercise  will  produce  a  nmilar  effect. 

Dfio  add  has  been  detected  in  the  blood  of  healthy  men  by  Garrod,  and  in  condder- 
■bty  inorenaed  proportion  in  the  blood  of  gouty  patients.  It  haa  also  been  detected 
la  the  perspimtion,  and  the  depodts  formed  about  the  joints  of  gouty  persons  are 
laigdy  composed  of  it 

Aeeofding  to  Wohler  and  Frerichs,  the  introduction  of  lithic  add  into  the  blood  is 
ftDowed  by  an  increased  secretion  of  urea  and  oxalate  of  lime  in  the  urine,  a  pdnt  of 
<wrii1eraMn  interest  when  we  know  that,  by  the  influence  of  peroxide  of  lead,  a  simi- 
lar deoompodtion  of  the  lithic  acid  may  be  induced  artifidally. 

When  in  these  droumstances  are  conddered,  more  especially  that,  in  certain 
bateneea  in  which  the  respiratory  changes  are  not  carried  on  with  the  actirity  con- 
rialeot  with  perfect  health,  a  greatly  increased  quantity  of  lithic  acid  is  eliminated  by 
tha  Udniqys,  there  appears  ample  eridence  to  show  that  lithic  add  is  one  of  the  purely 
•Hcementitious  substances  deriTod  firom  the  disintegration  of  the  tissues,  and  formed 
h^  the  aetion  of  oxygen  upon  effete  materiaL  By  a  process  of  ftirther  oxidation,  the 
Hthlc  add  itself  beeves  con?erted  into  urea  as  we  just  now  mentioned. 

Mmpmie  Add  (G,,  H,  NOg,  HO),  according  to  liebig,  exists  in  small  quantity  in 
Iwaltnj  human  urine,  but  it  is  obtained  in  condderable  quantity  firom  the  urine  of 
oows^  and  other  herbiTorous  animals.  It  is  quite  inodorous,  has  a  rather  bit- 
taste,  is  slightly  soluble  in  cold,  but  Tery  soluble  in  hot  water  and  alcohol,  charac- 
ia  which  it  differs  from  uric  add.  It  is  easily  prepared  ttttm  the  urine  of  cows 
^  pradpttation  by  hydrochloric  add,  and  subsequent  purification.  It  is,  howerer, 
■badute^  necessaiy  that  the  urine  should  be  peifectly  fresh,  otherwise  the  hippurio 
mM  wUl  be  found  to  haye  been  entirdy  couTerted  into  bensoic  add,  a  change  which 
mmj  also  be  induced  in  the  pure  add  by  the  action  of  heat  and  mineral  adds.  It  lias 
bean  stated  by  Blr.  Ure,  that  if  bensoic  add  be  taken,  it  is  eliminated  from  the  system 
aa  hippurio  add. 

Hippurio  add  has  been  found  in  the  urine  of  many  herbiTorous  animals,  and  by 
l^fi— ^Mii  in  that  of  the  tortoise  (Tatudo  Ormea)  and  many  herbivorous  insects.  It 
is  not  present  in  the  urine  of  the  camiTora.  In  cases  of  diabetes,  it  is  stated 
bj  the  same  observer  to  be  nerer  absent  from  the  urine ;  and  in  health,  may  usually 
ba  dataoted  if  the  diet  be  purely  of  a  vegetable  character.  This  acid,  like  uric  acid, 
be  looked  upon  aa  an  excrementitious  substance,  and  plays  no  other  part  in  the 


CriofaPM  (C«  H,  N,  0^)  occurs  in  very  small  quantity  in  the  urine.  It  is  a  colourless 
orystalline  body,  with  a  strong  pungent  taste,  soluble  in  cold,  and  very  soluble  in  boO- 
iag  water;  it  is  dmost  insoluUe  in  alcohoL  Boiled  with  baryta  water,  it  becomes 
dianged  into  urea  and  saroosine ;  and  it  is  probable  that  a  somewhat  dmilar  deoompo- 
dtion ensues  within  the  organism,  and  that,  of  the  quantity  of  creatine  formed  in  the 
muscular  fibre,  a  large  proportion  is  eliminated  from  the  system  in  the  form  of  urea, 
and  partly,  perhaps,  as  carbonic  add  and  ammonia. 

Creatine  was  obtained,  in  the  beautiftil  investigation  of  Liebig,  from  the  flesh  of 
YBrioua  Miim^lM ;  but  the  proportion  in  which  it  exists  is  so  small  that  it  can  only  be 
extracted  with  great  care,  and  by  operating  upon  large  quantities.  It  occurs  most 
abundantiy  in  the  flesh  of  fowls,  and  in  the  heart  of  the  ox. 

Crmtimmt  (C.  H- N,  0^  is  also  met  with  in  the  urine,  and  its  presence  in  this  fluid 
was  discovered  by  Liebig,  to  whom  we  are  indebted  for  all  that  is  known  in  reference 
to  this  body.  Creatinine  crystalliies  in  colourless  crystals.  It  possesses  a  hot,  bam- 
Ing  taste,  compared  to  caustic  ammonia.  It  is  soluble  in  water,  and,  unlike  creatine, 
ia  freely  diasolved  by  spirit  It  is  found,  with  the  last  mentioned  body,  in  the  juice 
of  muscular  fibre.  Creatinine  may  be  formed  by  the  action  of  hydrochloric  add  upon 
ereatitte,  a  change  which  renders  it  probable  that  it  is  also  formed  from  the  last  named 
body  in  the  organism.  In  urine,  creatinine  exists  in  larger  quantity  than  creatine ; 
while  in  muscular  fibre  the  latter  is  found  to  exceed  the  former  in  amount 

Extractive  Matters. — Under  this  very  unsatisfactory  term  are  induded  certain  sub- 
atanees  met  with  in  the  urine,  blood,  and  other  animal  fluids  which  are  not  eadly  iso- 
lated, whose  properties  are  with  great  difficulty  determined,  which  do  not  crystallize, 
are  not  volatile  without  decomposition,  and  cannot  ba  obtdned  in  a  pure  form.    Of 
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late  yean,  howeTer,  eereral  substancee  haye  been  separated  fh>iii  the  extraetire  ut- 
ters which  were  formerly  included  under  that  term.  Of  these,  albuminate  of  soda,  act- 
tine,  and  creatinine  may  be  referred  to  as  examples.  These  extractive  mattfn  i? 
doubt  play  a  most  important  part  in  vital  chemistry,  and  probably  represent  i  «iff 
intermediate  between  the  nutritire  pabulum  and  the  tissues  formed  fh>m  it,  orbetvia 
the  latter  in  process  of  disintegration  and  the  compounds  we  have  been  considcf^ 
such  as  urea,  lithio  acid,  etc.,  but  in  the  present  state  of  our  knowledge,  little  bevul 
mere  speculation  can  be  advanced. 

Our  friend.  Dr.  0.  O.  Bees,  found  that,  in  cases  of  albuminuria,  connected  vi6 
kidney  disease,  large  quantities  of  the  extractive  matters  of  the  blood  pasMd  off  a 
tlie  urine  as  well  as  albumen.  The  test  which  Dr.  Kees  employed  for  detecting  tfci 
presence  of  the  blood  extraction  was  the  tincture  of  galls.* 

Ammoniaeal  Salts. — Ammonia  exists  in  very  small  quantity,  if,  indeed,  it  be  prem: 
in  healthy  urine,  but  in  disease  a  considenible  proportion  may  occur.  It  hms  btcL 
found  as  hydrochlorate,  lactate,  biphosphate,  ammonio-ma^esian  or  triple  phospksie, 
and  in  the  form  of  phosphate  of  ammonia  and  soda.  Its  presence  usually  depewis 
upon  the  decomposition  of  some  of  the  nitrogenous  constituents  of  the  urine,  as  pn- 
viously  indicated. 

Fixed  Salt*. — By  the  careful  incineration  of  urine,  we  obtain  the  fixed  salts,  i&d  wi 
find  that,  of  the  saline  residue,  part  is  soluble  and  part  insoluble  in  water,  tbf  \aJVf 
having  been  previously  held  in  solution  in  the  urine  by  some  material  which  btf 
been  destroyed  by  a  red  heat  Although  the  presence  of  certun  acids  and  eertiiB 
bases  in  the  ash  is  readily  demonstrated,  the  precise  manner  in  which  these  were  on* 
ginally  united  together  is  not  so  easily  ascertained. 

The  most  important  saline  constituents  of  normal  urine  are  chlorides,  solpkstis, 
and  phosphates ;  and  the  following  bases  are  present — potash,  soda,  lime, 
with  traces  of  silica  and  peroxide  of  iron. 

Chloride*. — The  chlorine  exists  in  combination  with  sodium,  in  the  form  of 
salt,  and  perhaps  also  occasionally  as  hydrochlorate  of  ammonia.  Almost  the  ^te 
of  the  chloride  of  sodium  is  probably  derived  from  the  food  ;  although,  fttai  reeest 
investigations,  it  appears  probable  that  this  substance  plays  an  important  part  ia  tke 
development  of  tissues,  and  also  in  certain  morbid  changes.  In  growing  tisenei,  it  ii 
alwnyH  Abundant,  and  in  the  fluid  on  the  surface  of  healing  ulcers  it  exists  in  laife 
quftntity.f 

Sulphates. — The  sulphuric  acid  exists  in  combination  with  potash,  and  perhaps  iIm 
with  soda.  The  sulphates  are  highly  important  saline  constituents,  and  their  prop:^ 
tion  is  much  influenced  by  the  activity  of  the  vital  functions,  and  also  by  an  aniEii 
diet.  After  exorcise,  the  amount  of  the  sulphates,  as  well  as  that  of  the  urea,  ofider- 
goes  an  increase ;  and  it  has  been  found  that  in  Chorea  (a  disease  characteriied  br 
inunlinate  action  of  the  muscular  system)  a  large  quantity  of  these  salts  are  excrvtrd 
in  tlie  urine.  J  The  sulphuric  acid  is,  doubtless,  in  great  measure  produced  bjtkc 
oxidation  of  the  sulphur  contained  in  the  proteine  compounds.  Unlike  the  chlor.dei 
the  sulphates  are  not  present,  or  are  only  met  with  in  very  small  quantities,  in  w 
fluids  of  the  body  generally,  with  the  exception  of  the  urine,  a  circumstance  vkich 
points  to  the  importance  of  the  former  in  the  organism,  while  it  clearlv  .-b.-ir'' i!.i: 
the  latter  are  not  rnqtiired  in  the  nutritive  changes,  and  are,  therefore.  odIv  to  it 
found  in  the  excrements. 

Sifl/ifiuretfi'd  Iliidnnjen  is  from  time  to  time  detected  in  urine.  Dr.  Bcale  met  viik 
it  freipiently  in  the  urine  of  insane  patients,  i^ulphur  is  no  doubt  elimir.ui^i  :" 
coiisiilerable  quantity  in  the  urine  in  certain  cases.  Cystine  contains  as  mucb  as  i'"- 
per  cent,  of  tliis  suhstance- 

Photphntex. — l*h()S[)h()ric  ncidis  found  in  combination  with  soda,  lime,  and  macnf  ^i^ 
the  salts  thus  constitiite«l  have  been  spoken  of  as  alkaline  or  earthy  phusrhatc^.  ;'••• 
former  term  being  confined  to  the  combinatiim  of  j^hosphoric  acid  with  soda.  ar.  i  iLr 
latter  to  the  phosphates  of  lime  and  magnesia,  which  are  precipitated  from  hea.'r:r 
urine  bv  the  simple  adilition  of  excess  of  ammonia. 

Ti>e  larj;e  amount  of  phos[)hates  present  in  urine  is  chiefly  derived  from  the  f  »:. 
but  part  results  from  the  oxidation  of  the  ph(>sphorus  which  is  contained  in  the  ti«u^-: 
the  ])artioular  tissue  concerned  in  the  formation  of  this  phosphoric  noid  ht-inrthf 
nervous,  which,  it  is  well  known,  contains  a  large  proportion  of  phosphorus.    It. 

•   Lfttaomian  LrctiircB.     London  Medical  Ci;izctte,  vol.  xlviii.,  1851. 
t  <<  On  tfi<^  Diininnlion  of  the  Chloridi-s  ia  the  Urine  in  Canes  of  Pneumonia,"  bv  Lioae. 
iJoalf.     Moil. -Chip.  TranH.,  vol.  xxx. 
}   Dr.  P.encc  Jones.     Med.-Chir.  Trans. 
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B«ic«  Jonee  foun  1  an  increase  in  the  quantity  of  the  alkaline  phosphates  in  the  urine 
of  Borne  cases  of  inflammation  of  the  brain,  and  a  diminution  in  quantity  in  cases  of 
dtfiriom  tremens  when  no  food  was  taken ;  but  in  the  latter  case  the  diminution  is, 
probably,  too  slight  to  be  recognized.  This  circumstance  would  account  for  the  result 
of  MTeral  experiments  we  have  ourselves  made  upon  this  point,  in  which  we  hare 
fonnd  no  diminution  in  the  quantity  of  phosphates. 

To  sum  up,  the  kidneys  appear  to  be  special  organs  for  the  removal  of  effete  ma- 
terial produced  in  the  vital  processes  from  the  system,  and  they  serve  as  channels  for 
tho  elimination  of  water  and  certain  saline  matter,  as  well  as  excess  of  nitrogenous 
■wterial  which  is  not  required  for  the  maintenance  of  the  tissues.  The  chief  con- 
■litaents  of  the  urine  consist  of  compounds  resulting  from  the  action  of  oxygen  upon 
the  albuminous  or  allied  substances ;  and  in  urea  and  uric  acid  we  have  probably  ex- 
■mplea  of  the  highest  state  of  oxidation  which  the  chemical  elements  of  the  tissues 
MTO  capable  of  undergoing,  and  urea  may  be  looked  upon  as  the  last  of  a  series  of  com- 
pounds resulting  fh>m  the  successive  action  of  oxygen  upon  those  bodies  which  stand 
above  it  on  this  scale.  The  fixed  salts  which  occur  in  urine  also  exist  in  a  highly 
oxidised  state.  There  can  be  little  doubt,  that  the  highly  complex  substances  entering 
into  the  formation  of  the  tissues,  by  chemical  action  taking  place  in  the  organism, 
bocome  resolved  into  bodies  of  a  more  simple  composition,  until  they  are  eliminated 
in  the  form  of  urea  or  some  allied  compound,  the  elements  of  which  are  so  loosely 
eonbined,  that  by  external  circumstances  alone  new  substances  are  formed  of  a  still 
simpler  composition,  such  as  carbonic  acid  and  ammonia.  In  these,  however,  the 
olomeots  are  united  with  such  force,  that  it  is  only  by  most  powerful  chemical  action, 
or  by  the  still  more  powerful  influence  of  the  vital  properties  of  plants,  that  they  can 
bo  aeparated  from  each  other,  and  again  applied  to  the  building  up  of  those  highly 
oomplicated  substances  of  which  the  tissues  of  animals  consist,  and  which,  by  their 
Tital  processes,  are  again  reduced  in  complexity  as  before. 

The  more  actively  the  vital  phenomena  are  performed,  or,  in  other  words,  the  greater 
the  rapidity  with  which  the  disintegration  and  repair  of  the  tissues  take  place,  the 
Inrger  is  the  quantity  of  urea  excreted  from  the  system.  With  this  increase  of  the 
area,  there  is  certainly  a  corresponding  increase  of  the  sulphates,  and  perhaps  also 
of  the  phosphates.  If,  however,  the  activity  of  these  changes  be  interfered  with,  as 
from  impairment  of  the  respiratory  apparatus,  or  from  other  causes,  as  might  be 
ozpeeted,  we  find  an  increase  of  that  constituent  which  stands  next  above  urea  in  the 
descending  series  of  compounds  resulting  from  oxidation,  namely,  lithic  acid.  This 
finds  its  way  out  of  the  system  in  the  form  of  lithate  of  soda,  forming  the  amorphous 
■ediment  generally  known  as  lithate  of  ammonia,  but  which  really  consists  almost 
entirely  of  lithate  of  soda.  Under  similar  circumstances,  we  often  meet  with  a  de- 
posit of  oxalate  of  lime.  The  urine  of  the  active  camivora  contains,  like  that  of  man, 
n  large  quantity  of  urea ;  on  the  other  hand,  the  urine  of  serpents  and  many  other 
reptiles  consists  almost  entirely  of  uric  acid  in  combination  with  ammonia.  The  urine 
of  birds  much  resembles  in  character  that  of  serpents,  which  appears  somewhat  to 
be  opposed  to  the  doctrine  we  have  been  endeavouring  to  inculcate,  as  the  vital  changes 
nre  carried  on  with  greater  activity  in  this  than  in  any  other  class  of  animals ;  but, 
on  the  other  hand,  it  may  be  argued,  that  the  demand  for  oxygen  is  so  great  in  birds, 
nnd  their  vital  functions  so  actively  carried  on,  that  the  extensive  respiratory  appa- 
ratus necessary  for  the  supply  of  sufficient  oxygen  to  convert  all  the  uric  acid  into 
nrea  would  be  incompatible  with  the  lightness  of  their  bodies,  which  is  so  necessary 
for  flight ;  while  the  removal  of  the  urinary  constituents  in  a  state  of  solution  involves 
the  necessity  of  a  bladder,  or  receptacle,  in  which  it  can  collect,  and  which  would 
■till  further  add  to  the  weight  We  find  in  the  minute  anatomy  of  the  bird's  lung  a 
beautiful  arrangement  by  means  of  which  not  the  smallest  space  where  blood  can  be 
exposed  to  the  acUon  of  air  is  lost     ( Vide  p.  715.) 

Pelvin  of  Kidney  and  Uretert. — The  mucous  membrane  lining  the 
pelvis  of  the  kidney  is  continuous  with  that  of  the  renal  tubes  at  the 
point  where  they  open  upon  the  papillse,  in  which  situation  it  is  ex- 
ceedingly thin,  and  it  is  difficult  to  distinguish  its  epithelium.  Tho 
epithelium  of  the  pelvis  of  the  kidney  generally  is  polygonal  in  form, 
and  constitutes  a  tolerably  thick  layer.  The  deeper  cells  are  small 
and  rounded.  Many  cells  approaching  to  the  columnar  form  may 
also  be  observed  ;  and  these  increase  in  number  towards  the  ureter, 
which  tube  is  lined  with  this  variety  of  epithelium. 


' TInimtWI btve  muscular  coat  composed  of  two  Isjers,  u  it-  i 
(■tbrI  lAJflT  of  idrcniar,  and  an  external  one  of  loDgitndioal  BVm. 
Those  are  pnlonged  upwards  into  the  pelvis  of  the  kidnej,  sadaMe 
et  the  eeljoeh  The  muscular  coat  is  composed  entirel^r  of  sutr^ 
nasonler  Sbn  oells,  the  nature  of  which  will  be  psnicuUHj  •!»- 
Bsribed  Then  ire  come  to  speak  of  the  uterus,  and  it  ia  inTMtcd  nX 
•o  ezlenwl  ooet  composed  of  6brou8  tissue. 

The  oreten  reach  the  base  of  the  bladder,  mn  obliqnelj  thnM^ 
its  ooetl  for  the  distance  of  nearly  an  inch,  and  op«n  into  this  mem 
bj  two  nurow  elit-like  openings  about  an  inch  and  a  half  beliiiil 
the  prostate  on  its  inferior  surface,  and  separated  from  eac&  otber 
1^  w»  distanoe  of  nebrlj  two  inches.  The  openings  readily  jmit  i 
the  urine  to  pus  into  the  bladder  ;  but,  by  their  arrangement,  am- 
pletely  prerent  iti  refiux  into  the  ureter;  the  reflection  of  mecDiii 
nembrute  at  theu  moath  serves  the  office  of  a  valve. 

We  bu«  already  referred  to  the  contraction  of  the  oroten  b  f. 
766  of  tiia  preeent  ▼olnme. 

JBIaddtr.^'Tka  nrinary  bladder  is  the  large  receptacle  into  «lkk 
Ae  oriDe  ii  poured  and  in  which  it  accumulates  as  it  escapes  &oa  tb« 
vreten.  Itl  laat  varies  very  greatly :  it  may  be  distended  to  mh  « 
d^roo  ae  to  oontaia  nine,  or  even  twelve  pints  of  urine,  inirluh 
oaee  ita  mill  of  oonne  become  exceedingly  thin,  or  it  may  be  om- 
traeted  ao  modi  aa  to  leave  scarcely  any  visible  cavity  in  its  iiterior. 
Itl  oontraeted  mmonlbr  walls  may  be  found  half  an  inch  or  a 
thiokneaa,  s  condition  very  often  met  with  in'  a 

The  internal  sarfaoe  of  the  bladder  has  a  d 
owing  to  the  arraogemeDt  of  the  mnsonlar  1 
mflmSrane  is  ■omedmee  forced  through  the  amall  a_ 
fibres,  and  d»u  a  Dnmber  of  aaoouli  are  prodnoeclt  i  « 
taeeviattd  Madder. 

At  the  lower  part  of  the  bladder  is  a  perfeedy  a 
snrfaoe,  of  the  form  of  an  eqi^teral  tnangla^  tlie  apax  of  1 
points  towards  the  prostate.  The  nreters  open  one  at  taA  tX  ttl 
posterior  angles  ;  and  between  them  there  ia  a  promioent  line  easHJ 
by  the  mucous  membrane  being  somewhat  raised  in  this  attaittoe. 
This  triangular  portion  of  the  floor  of  the  bladder  is  called  the  tri- 
gone (triangle),  and  the  mucous  membrane  is  attached  mi»e  bnlr 
than  in  other  parts  to  the  muscular  coat  beneath,  whence  its  SMooti 
character.  The  bladder  is  only  partially  corered  with  peritonem. 
It  is  connected  in  the  male  with  the  rectnnt,  and  in  the  female  witk 
the  nterns  and  upper  part  of  the  vagina  by  mncb  loose  areolar  tbne^ 
which  permits  great  freedom  of  movement  of  theae  parts  apon  ou 
another. 

The  bladder  is  kept  in  its  position  by  certain  refieotiona  tJt  p«i- 
toneum  passing  over  bands  of  white  fibrous  tisane,  or  iijTiiiinei  ^ 
the  vesical  fatcia  {true  ligameiUt),  and  by  folds  of  peritoneom  akat 
{faUe  l^amenti). 

The  anterior  reflections  of  the  vesical  fascia  constitute  the  iiwfair 
true  Kgamenlt  of  the  bladder.  These  arise  from  the  lower  aHi|ta 
of  the  pubis  on  each  side  of  the  symphysis.     They  then  psai  oHi 
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the  upper  surface  of  the  bladder.  Many  of  these  fibres  are  attached 
to  the  muscular  fibres,  and  this  ligament  may  be  said  to  serve  as  the 
tendon  of  attachment  of  many  of  the  fibres  which  constitute  the 
detrusor  urinse  muscle. 

The  fundus  of  the  bladder  is  connected  with  the  umbilicus  by  the 
suspensory  ligament  of  the  bladder,  a  reflection  of  peritoneum  which 
encloses  the  obliterated  hypogastric  arteries  and  urachus. 

The  muscular  coat  of  the  bladder  is  composed  entirely  of  unstriped 
fibre-cells,  which  are  much  interwoven,  but  may  be  described  as  ar- 
ranged in  two  layers,  an  external  longitudinal,  and  an  internal  trans- 
verse or  circular. 

The  latter  are  exceedingly  numerous  round  the  neck  of  the  bladder, 
whence  they  have  received  the  name  of  Sphincter  Vesicae. 

The  longitudinal  fibres  are  most  abundant  upon  the  anterior  and 
posterior  surfaces  of  the  bladder,  and  constitute  the  detrusor  urince 
muscle. 

The  fnticotu  membrane  is  of  a  pale  colour,  and  is  loosely  connected 
to  the  muscular  tissue  by  the  intervention  of  much  loose  areolar 
tissue,  in  which  the  yellow  element  is  abundant,  except  over  the  tri- 
gone, where  it  adheres  very  firmly,  by  which  a  perfectly  smooth 
sorface  is  produced  in  this  situation. 

About  the  neck  of  the  bladder  are  a  number  of  small  glands,  each 
consisting  of  a  few  secreting  follicles,  opening  into  a  short  wide  duct. 
These  are  lined  with  columnar  epithelium,  and  secrete  a  perfectly 
dear  transparent  mucus. 

Epithelium. — The  epithelium  of  the  bladder  varies  much  in  its 
character  in  different  situations.  Near  the  orifices  of  the  ureters  it 
is  almost  entirely  of  a  columnar  form ;  but  over  the  fundus,  generally, 
it  consists  of  large  circular  and  oval  cells,  with  a  distinct  nucleus. 
These  are  of  very  large  size,  and  present  a  very  characteristic  ap- 
pearance. Kolliker  describes  many  of  these  large  cells  as  lying 
upon  the  surface  of  columnar  epithelium,  their  deep  aspect  being 
hollowed  out  to  receive  the  summits  of  the  latter  cells.  Towards 
the  urethra,  the  columnar  epithelium  again  predominates.  Epithe- 
lium from  various  parts  of  the  mucous  membrane  above  referred  to 
is  often  found  in  the  urine ;  and  the  characters  are  often  so  distinctive 
as  to  enable  the  observer  to  infer  with  accuracy  the  locality  from 
whence  it  was  derived,  a  point  which  is  occasionally  of  some  value 
in  diagnosis. 

We  shall  consider  the  anatomy  of  the  urethra,  and  other  organs 
connected  with  the  bladder,  in  the  chapter  on  tho  Organs  of  Oenera- 
tion. 

The  stadent  sbould  consult  tho  folloiring  works  and  monographs  for  more  detailed 
information  upon  the  subjects  treated  of  in  the  present  chapter:  M.  Malpighi,  de 
Benilms,  1669;  Schumlansky,  de  Structure  renum,  1788 ;  W.  Bowman,  in  the  Philo- 
■ophieml  Transactions  for  1842 ;  Goodsir,  in  the  Monthly  Journal  of  M<Klical  Science, 
1842;  Dr.  Johnson's  article,  '*  Ren,"  in  the  Cyclopoedia  of  Anatomy  and  Physiology, 
and  his  work  on  Diseases  of  the  Kidney ;  and  the  treatises  on  Physiology  and  Minute 
Anatomy  before  referred  to. 

Uf(m  tht  Urme, — Dr.  Golding  Bird,  on  Urinary  Deposits;  Dr.  Benoe  Jones's  Lec- 
tures upon  Animal  Chemistry ;  Lehmann's  Handbuch  der  Physiologischen  Chemie, 
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Leipsig,  1854;  translited  by  the  CaTendtsh  Society.    J.  £.  Bowman,  Medkal  Ck- 
mistry.    Beale,  on  ike  Microscope,  and  its  applicadon  to  Clinical  Medidne,  QifUr 
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CHAPTER  XXXV. 

ON  THK  DUCTLESS  GLANDS. — SPLEEN. — ITS  CAPSULE. — ^TRABECULAR 
TISSUE. — SPLEEN  PULP. — SPLENIC  ARTERY. — MALPIGHIAN  CORPUS- 
CLES.— VEINS  OF  THE  SPLEEN. — LYMPHATICS. NERVES. — CflASGES 

IN  THE  BLOOD  IN  THE  SPLEEN. — USES  OF  THE  SPLEEN. — SUPU- 
RENAL  CAPSULES. — THYROID  BODY. — USES  OF  THE  THYROU>.- 
THYMUS. — USES  OF  THE  THYMUS. 

We  have  now  to  consider  a  remarkable  class  of  organs  present  ia 
all  the  mammalia,  which  resemble  the  secretory  glands  alretdy 
described  in  external  conformation  and  in  the  possession  of  a  loKd 
parenchyma,  but  differ  from  them  in  the  absence  of  any  ezcretoiy 
apparatus  suitable  for  carrying  off  the  products  of  secretion.  These 
organs  cannot  be  associated  with  such  structures  as  the  lirer,  the 
kidneys,  and  the  other  glands ;  inasmuch  as  they  not  only  differ  from 
them  in  the  essential  particular  just  mentioned  ;  but  they  exhibit  in 
their  internal  structure  no  mechanical  arrangement  clearly  adtpted 
to  a  secretory  function ;  nor  is  any  material  (save  in  the  case  of  the 
thymus)  to  be  obtained  from  them  bearing  any  resemblance  to  i 
secreted  product.  Many  physiologists,  however,  suppose  that  these 
organs  do  exert  an  attractive  influence  on  certain  matters  in  the 
blood,  and  separate  them  from  it ;  but  this  hypothesis  necessarily 
involves  a  second  and  a  less  plausible  one,  that  the  matter  thus 
extracted  must  re-enter  the  circulation. 

These  bodies  agree  in  the  common  characteristic,  that  their  pareo- 
chymatous  portion  consists  of  cells  and  cell-nuclei,  with  bloodvessel 
in  great  number  variously  disposed.  They  may  probably  be  re«:ariied 
as  appendages  to  the  vascular  system,  and,  from  the  absence  uf  anj 
excretory  duct,  they  are  usually  designated  vascular  ductless  ghindi: 
under  this  head  are  grouped — the  spleen,  the  supra-renal  capsules, 
the  thyroid  body,  and  the  thymus. 

Spleen. — The  spleen  is  of  an  oval  form  and  somewhat  compressetl; 
its  internal  surface  is  concave,  and  its  external  surface  is  in  coiiuct 
with  the  diaphragm.  The  spleen  lies  in  the  left  hypochondrium,  and 
extends  upwards  as  high  as  the  tenth  rib,  but  when  enlarged  reaches 
much  higher,  and  increases  upon  the  lower  part  of  the  thoracic  cavity. 
The  spleen  is  of  a  dark  red  colour,  highly  vascular,  and  of  a  soft 
pulpy  consistence ;  it  varies  much  in  size,  according  to  the  state  of 
general  nutrition,  and  also  at  different  periods  of  the  digestive  process. 
The  weight  of  the  spleen  compared  to  that  of  the  body  at  birth,  is  as 
1  :  350,  in  adult  life,  1 :  320,  and  in  old  age,  as  1 :  700.  The  following 
points  have  to  be  noticed  in  considering  the  structure  of  the  spleen : 
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the  capsule,  the  trabecular  tissue,  the  spleen  pulp,  or  proper  splenic 
parenchyma,  and  the  arrangement  of  the  arteries,  veins,  nerves,  and 
lymphatics. 

Capsule  of  the  Spleen. — The  spleen  is  covered  by  a  reflection  of 
peritoneum,  which  extends  to  it  from  the  fundus  of  the  stomach,  and 
18  called  the  gastrosplenic  omentum.  The  proper  capsule  of  the 
spleen  is  composed  of  white  and  yellow  fibrous  tissue,  and  permits 
of  considerable  distension.  It  envelops  the  organ  entirely,  and  is 
prolonged  into  the  interior  upon  the  vessels,  which  are  inclosed  in 
•heaths  composed  of  a  structure  closely  resembling  the  capsule  of 
the  organ.  In  man  there  is  an  absence  of  muscular  fibre-cells  in  the 
capsule,  but  in  the  dog  and  pig,  and  some  other  mammalian  animals, 
they  are  very  numerous. 

Trahecular  Tissue  of  the  Spleen. — If  a  section  of  a  spleen  be  care- 
fully washed  under  a  stream  of  water,  the  dark  coloured,  soft,  pulpy 
matter  is  removed,  and  a  perfectly  white  and  complicated  fibrous 
meshwork  remains.  The  interspaces  bounded  by  these  trabeculse 
▼ary  much  in  size  and  form ;  but  they  are  all  intersected  by  still 
nnaller  trabeculse,  and  these  smaller  spaces  by  fibres  visible  only  by 
the  aid  of  the  microscope.  The  network  thus  formed,  much  resem- 
bles that  of  the  corpora  cavernosa  penis,  and  the  fibres  composing 
it  are  intimately  connected  with  the  fibrous  capsule  of  the  organ, 
and  also  with  the  sheaths  of  the  vessels  supplying 
it.  The  spaces  or  interstices  communicate  freely  Fig.  245. 
with  each  other,  and  in  them  is  situated  the  pulpy 
tiaaue  of  the  spleen.  , 

The  larger  trabeculse,  like  the  fibrous  capsule  of  A 
the  organ,  are  composed  chiefly  of  white  fibrous  tis-  & 
sue,  with  some  fibres  of  the  yellow  element.  The  ^ 
smaller  trabeculse  are  composed  of  elongated  spindle- 
shaped  cells,  about  the  300th  of  an  inch  in  length,  ^ 
and  about  the  ^^'ooth  of  an  inch  broad  in  the  cen-  i^u!ru^ue^%S!!^ 
tre,  which  is  their  widest  part.  They  contain  a  Sm'r^i5i\"ef «" 
distinct  elongated  or  oval  nucleus.  The  nucleus  is  diuneten. 
often  found  bulging  upon  one  side  of  the  fibre  cell, 
and  in  some  instances  appears  only  connected  with  it  by  a  stalk. 
The  cell  is  often  much  curved,  and  sometimes  bent  upon  itself,  an 
appearance  arising  from  its  mode  of  development,  which  takes  place, 
according  to  the  observations  of  Mr.  H.  Gray,  by  the  solution  of 
the  cell  wall  at  a  point  opposite  the  nucleus,  which  latter  remains, 
and  the  cell  wall  itself  forms  the  fibres  which  are  prolonged  from 
Mther  side  of  it. 

In  several  of  the  mammalia,  both  in  the  capsule  and  also  in  the 
trabeculsB,  a  number  of  muscular  fibre  cells,  with  a  distinctly  oval 
elongated  nucleus,  are  present.  The  fibre  may  be  entirely  composed 
of  these  cells.  They  are  not  present  in  the  human  spleen,  but  may 
be  readily  demonstrated  in  that  of  the  sheep.  The  spleen  possesses 
▼ery  slight  power  of  contractility,  and  in  experiments  upon  the  spleen 
of  the  ox  and  sheep,  Mr.  Gray  was  unable  to  obtain  marked  eon- 
tractions  by  the  application  of  a  strong  galvanic  current. 
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Spleen  Pulp. — The  epleen  pulp,  or  parencliTmft,  the  proper  tien 
of  tne  spleen,  is  composed  or  pecaliar  oolonrlefls  cells,  cooUiuD; 
moasea  of  coloaring  nutter,  tttt 
Fig.  246.  coloured  particles,  graanhr  Bit- 

ter and  blood  corposdes. 

The  eotovrtetB  portion  of  At 
spleen  pulp  is  composed  piind- 
pally  of  small  circular  cells,  o; 
nuclei,  abont  the  size  of  a  UnM 
corpuscle,  and  haTing  a  fsRiilj 
granular  appearance.  Thescini!! 
nuclei  vary  somewhat  in  siie.iBd 
ere  interspersed  with  a  eon^Utc- 
able  quantity  of  granular  mitur. 
which  is  often  collected  ironni 
them.  The  spleen  pnlp  »1h  rem- 
tains  ft  few  nucleated  rnidn. 
nearly  Tg\isth  of  an  inch  in  dii- 
meter. 

These  colourless  elementi  ron- 
atitnte  a  considerable  propodiiiin 
of  the  spleen  pnlp,  and  are  in  nn- 
tact  with  the  capillary  walls,  in4 
i»n.  with  the  Mslpighian  corpucits 
"'' '  of  the  spleen.  Great  Tsriilion 
occurs  in  the  size  and  gfnent 
character  of  the  cells  and  nuclei  which  compose  the  colonrlesj  f'.f- 
mcnts,  and  they  vnry  much  in  quantity  in  different  physiolngici! 
conditions  of  the  syatem.  Mr.  Gray  has  shown,  that  in  well-W 
animala  they  are  much  more  abundant  than  in  those  sopplied  vith 
an  insufficient  qunntity  of  food,  and  their  proportion  iacrcmea  ifw 
the  completion  of  tho  digestive  process. 

They  are  composed  of  a  proteine  compound,  and  in  their  chemicil 
characters  closely  resemble  the  white  corpuscles  of  the  blooil. 

The  retl  colour  of  the  spleen  pulp  is  due  to  the  presence  of  n  p'''' 
number  of  blood  globules  and  coloured  corpuscles,  free  or  contiinti 
within  cells. 

The  blood  globules  are  frequently  observed  to  be  smaller  than  ir. 
other  situations;  thotr  outline  is  often  indistinct;  sometimes  tb:' 
surface  appears  corrugated  or  shrunken,  and  their  walls  in  f'^i 
places  collapsed ;  their  outline  is  irregular  and  angular,  and  in  m;iiij 
instances  corpuscles  arc  seen  evidently  breaking  up  into  small  irro;'i- 
lar  masses  of  red  colouring  matter.  These  appearances  indicate  tla: 
the  red  blood  corpuscles  arc  undergoing  a  process  of  disintegraii''n- 
but  this  change  also  appears  to  be  elTected  in  another  and  verv  pecn- 
liar  manner,  which  was  first  described  by  Kolliker.  ScTcral  Mi'*' 
corpuscles  (from  one  to  nine  or  ten)  collected  together,  appear  t; 
become  covered  with  an  investing  membrane,  adhering  to  the  interiif 
wall  of  which,  a  distinct  nucleus  may  be  observed.  Such  appears  to 
be  the  manner  in  which  these  blood  corpuscle-holding  cells  u* 
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fenned,  but  whether  the  nucleus  precedes  the  formation  of  the  cell 
«r  succeeds  it,  is  not  known.  The  blood  globules  within  now  undergo 
disintegration  in  the  manner  just  referred  to,  and  at  length  the  cell 
contains  only  coloured  granules,  varying  in  size  and  form.  These 
granules  gradually  become  of  a  golden  yellow  colour,  and  then  paler, 
vntil  at  last  the  contents  of  the  cell  become  almost  decolourized. 

Fig.  247. 


Palp  of  the*  hnmui  spleen,    a,  a.  Blood  oorpnedea.    h.  ft.  Dotted  BveleL    e,  e.  Vneleeted  Teelclea. 
d,  d.  Coloared  eorpoedes  of  h»matine,    From  Qt%j  oa  the  [^pleea. 

Occasionally,  red  crystals  are  seen  in  the  blood  corpuscles  of  the 
splenic  parenchyma,  as  was  first  observed  by  Funke ;  and  not  un- 
frequently  numerous  free  coloured  acicular  crystals  are  met  with. 

These  appear  to  be  the  most  important  changes  which  take  place 
in  the  disintegration  of  the  red  blood  corpuscles  in  the  spleen  pulp. 
In  some  animals,  the  disintegration  seems  to  occur  entirely  within 
the  large  cells ;  while  in  others,  the  blood  corpuscle-holding  cells  are 
very  rarely  met  with,  and  the  blood  globules  become  broken  down 
into  coloured  granules  without  being  at  any  time  enclosed  in  a  cell. 
In  other  cases,  again,  both  processes  occur.  In  the  course  of  very 
numerous  observations  upon  the  human  subject,  Mr.  Gray  only  ob- 
served blood  corpuscles  enclosed  in  cells  in  two  instances,  and  then 
in  very  small  number. 

We  may  observe  here,  that  Gerlach  interprets  these  facts  in  a 
totally  different  manner,  and  considers  that  the  changes  taking  place 
in  the  blood  corpuscle-holding  cells  occur  in  the  reverse  order  to 
that  which  we  have  described.    In  fact,  he  considers  that  the  blood 
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corpusclea  areformeSm  tlioae  cells,  commencing  as  irregoW  j^Bmr 
granalcs,  and  grndually  becoming  developed  into  the  prrf«t  nd 
blood  globule.  In  this  view  Virchow  appears  to  coiricide.  Dr. 
Hughes  Bennett,  of  Edinburgh,  also  considers  the  spleen  as  ■  tilooii- 
loriniDg  organ. 

The  changes  above  referred  to  take  place  in  the  spleen  pulp  wiaA 
lies  between  the  trabeculai,  and,  of  course,  external  to  the  capiJIirj 
veasels.  Now,  we  have  to  inquire  how  the  blood  corpuscles  lore 
the  vessels  and  enter  the  pulp. 

Mr.  Gray  has  shown  that  many  of  the  capillary  vessels  sn  W 
directly  continuous  with  the  veins,  hut  that  the  blood,  in  f»m^ 
from  one  set  of  vesGcls  to  the  other,  traverses  intercellular  spieeein 
the  spleen  pulp.  The  veins  also,  in  many  cases,  appear  to  no- 
mence  in  intercellular  spaces,  SO  that  it  is  not  difficult  to  cononn 
how  the  contents  of  the  vessels  extravasate  into,  ami  become  nrixtj 
with,  the  constituents  of  the  pulp,  especially  when  the  org*n  ixlii- 
tended  with  blood.  These  changes  appear  also  to  take  place  to  i 
more  limited  extent  within  the  veins  themselves.  Altboagli  ih'it  miT 
be  the  correct  explanation  of  the  manner  in  which  the  cells  in  tli« 
pulp  communicate  with  the  blood  in  the  vessels,  we  cannot  look  upon 
it  by  any  means  as  demonstrative, 

Splenic  Artery. — The  splenic  artery  is  the  largest  branch  of  tW 
coeliac  axis,  and  the  size  of  this  vessel  in  proportion  to  the  orgu  li 

Fig.  S4S. 


which  it  is  distributed,  is  considerably  larger  than  that  of  otW 
glands,  with  the  exception  of  the  thyroid.  The  large  siie  of  llw 
vessel  would  lead  to  the  inference  that  more  arterial  blood  ii<!it- 
tributed  to  the  spleen  than  is  reqnired  for  the  mere  purposes  of  UUi- 
tion.  The  branches  of  the  artery  are  invested  with  Bheathl  '  '  ' 
from  and  continuous  with  the  fibrotiB  capsule  of  the  or^as, 
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ft  aimilar  stractare  to  it.  Eacli  arterial  branch  is  distributed 
particular  part  of  the  organ,  and  it  does  not  anastomose  with 
iguoos  brancheB.  The  sm^Ier  arteries,  about  the  g^^  of  an  inch 
iamcter,  are  connected  with  the  Malpighian  bodies,  which  are 
)\j  placed  in  the  points  of  bifurcation  of  the  vessel. 
'alpighian  Oorpuaclei. — Upon  making  a  section  of  a  fresh  ox's 
in,  a  number  of  small  round  whitish  bodies  will  be  seen.  Thej 
lometimes  collected  in  grospa  of  four  or  six  together,  and  appear 
}  connected  with  the  smaller  arteries,  which  are  in  close  proz- 
f  to  them.  These  small  bodies  have  been  named  Malpighian 
usctca  from  their  discoverer ;  they  are  in  close  contact  with  the 
m  pulp,  except  at  the  points  where  they  are  in  connection  with 
coats  of  the  artery, 
be  Malpighian  corpuscles  are  very  distinct  in  pigs,  sheep,  oxen, 

guinea  pigs.  In  most  other  mammalia  they  are  to  be  demon- 
:ed,  although  with  greater  difficulty.  In  the  human  subject  they 
zoDstantly  present ;  but  often  are  not  to  be  distingnished  in  con- 
lence  of  rapidly  undergoing  post-mortem  change.  In  birds,  these 
A  are  very  numerous,  and  have  been  observed,  by  Muller,  in 
chelonia,  among  reptiles,  but  they  cannot  be  seen  in  the  naked 
bibia.     In  fishes,  they  appear  to  he  absent. 

Fig.  249. 


k<  eoBBKllmi  of  ft  •Bimic  corpuel*  Tltk  tb«  ntUbboirllic  thmU,  uurMif  I" 
irpDHl'I'r'xrdsitkfSDglaorMlamtlfnar  OH  of  Ik*  imill  mrtorli*,  U>  nt- 
oT>nd  bT  m  eloH  hhI  dcllau  aptllu7  plaiu,  irUlat  llii  clmnrMOM*  !•  In- 
Lirn  Te<ni,  «bkh  ndluc  In  mrj  dInctlaB  fnn  III  mirflu.  Ths  napan- 
K  ABi  mill,  Uio  nplllarr  pl«u  of  U»  palp,  ud  tho  Boda  U  wM«k  Uhh 
wlUi  Ua  Telaa,  arv  ibon  u  thla  fl^^iro. 
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The  splenic  corpuscles  are  placed  upon  a  small  braticb  of  lit 
arteries  as  upon  a  short  peduncle  or  stalk,  which  Bometimea  consuls 
only  of  fibrous  tissue,  prolonged  from  the  sheath  of  the  vessels,  or 
they  lie  in  the  angle  formed  by  the  divergence  of  two  branches  from 
each  other.  The  artery  diviaes  into  numerous  branches  upon  the 
surface  of  the  Malpishian  corpuscles.  The  observations  of  KoUiker 
and  Dr.  Sanders,  which  have  lately  been  confirmed  by  Prof.  Hoxler, 
have  shown  that  the  substance  of  the  corpuscle  itself  is  traversed  bj 
small  capillary  bloodvessels.  These  small  vessels  probably  poDr  their 
blood  into  small  veins  which  surround  the  corpuscle,  and  are  of 
considerable  size.  According  to  Mr.  Gray,  these  veins  receire  the 
secretion  of  the  Malpighian  bodies. 

The  Malpighian  corpuscle  does  not  appear  to  us  to  be  ioTested 
with  a  distinct  and  well-defined  membranous  capsule ;  but  we  are 
inclined  to  agree  with  Remak  and  Leydig,  who  represent  their  con- 
tents as  not  being  separated  by  any  distinct  line  of  demarcation 
from  the  splenic  pulp,  although  the  fibrous  tissue  derived  from  the 
external  wall  of  the  vessels  appears  to  form  a  sort  of  imperfect 
capsule.  The  cells  of  which  these  bodies  are  composed  readily  pasi 
from  them  into  the  pulp.  Mr.  Gray  has  made  the  interesting  obser- 
vation, that  these  bodies  are  very  large,  and  well  defined  in  well-fed 
animals,  and  that,  during  the  latter  part  of  the  digestive  process, 
they  increase  in  size,  while,  in  animals  insufficiently  fed,  they  are 
very  small,  or  absent  altogether.  In  the  latter,  little  increase  is 
noticed  in  their  size  after  digestion.  Their  increase  is  considerable 
under  the  influence  of  an  albuminous  diet ;  but  when  animals  are 
confined  to  fat  or  gelatine,  these  bodies  are  not  to  be  distinguished. 

Veins  of  the  Spleen. — The  splenic  vein  is  the  largest  branch  of 
the  vena  porta,  and,  like  the  others,  is  destitute  of  valves.  The 
branches  into  which  the  vein  divides,  do  not  communicate  with  each 
other  in  the  substance  of  the  organ.  Mr.  Gray  describes  three 
different  modes  in  which  the  veins  commence  :  1.  As  continuations 
of  the  capillaries  of  the  arteries,  which  is  the  most  common  method: 
2.  Ey  intercellular  spaces  in  the  substance  of  the  spleen  pulp  through 
which  the  veins  communicate  with  each  other.  The  smallest  veins 
commence  in  this  manner;  or  3.  By  forming  an  imperfect  capsule 
to  each  Malpighian  body.  This  latter  mode  of  commencement  has 
not  been  described  by  other  observers,  and  Mr.  Gray  concsiders  these 
small  veins  as  the  channels  by  which  the  secretion  of  the  Malpighian 
bodies  is  carried  into  the  circulation. 

The  vein  ramifies  abundantly  upon  the  surface  of  the  spleen,  ani. 
as  it  enters  into  the  organ,  receives  an  investment  of  fibrous  tissue, 
which  is  prolonged  upon  the  branches,  forming  their  sheaths,  which 
are  connected  with  the  trabecuhc. 

Lymphatics, — But  little  is  known  of  the  ultimate  arrangement  ('f 
the  lymphatics  of  the  spleen,  or  of  the  manner  in  which  they  com- 
mence. They  are  certainly  not  connected  with  the  Malpighian  cor- 
puscles, nor  can  we  look  upon  them  as  the  channels  which  carry  oif 
the  secretion  of  the  organ,  a  view  which  has  been  advocated  by  uianv 
observers. 
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Nervei. — The  nerves  of  the  spleen  are  derived  from  the  splenic 
»1exii8  formed  by  branches  from  the  left  semilunar  ganslion,  and 
rom  the  right  pneumogastric  nerve.  The  branches  are  distributed 
o  the  coats  of  the  arteries ;  they  may  be  traced  upon  them  for  a 
onsiderable  distance,  but  gradually  they  become  lost. 

Changei  in  the  Blood  in  the  /SjpZeen.— The  most  important  pecu- 
iarities  in  splenic  blood  appear  to  be  the  following :  The  total 
[oantity  of  solid  matter  is  considerably  less  in  the  blood  of  the 
plenic  vein  than  in  arterial  or  venous  blood,  and  the  blood  cor- 
inscles  are  reduced  to  half  the  quantity.  The  greatest  reduction 
aems  to  occur  at  the  period  of  the  greatest  turgescence  of  the  spleen. 
dr.  Gray  has  made  the  very  interesting  observation,  that  in  starved 
.nimals  no  change  is  observable.  The  albumen  is  increased,  par- 
icularly  when  the  amount  of  blood  corpuscles  is  much  diminished. 
The  quantity  of  fibrine  in  splenic  blood,  is  also  found  to  be  increased. 
the  serum  is  often  observed  of  a  pale  reddish-brown  colour. 

Uie$  of  the  Spleen. — We  have  now  to  consider  the  uses  of  the 
pleen  in  the  animal  economy.  From  the  large  quantity  of  elastio 
issue  in  its  capsule  and  trabecule,  it  seems  eminently  adapted  to 
mdergo  great  changes  in  volume ;  and  the  direct  experiments  of 
)obson,  and  many  other  observers,  have  proved  that  it  becomes 
dttch  enlarged  during  digestion,  as  well  as  when  blood  was  injected 
Dto  the  jugular  vein.  Connected  with  the  large  veins  of  the  portal 
jatem,  it  forms  a  dilatable  diverticulum,  or  reservoir,  in  which  blood 
day,  for  a  certain  time,  be  contained,  thus  preventing  dangerous 
ongestion  of  the  veins  of  the  liver,  and  some  other  abdominal  viscera, 
.nd,  indeed,  of  the  venous  system  generally.  The  spleen  does  not 
.ppear  to  be  contractile.  In  several  careful  experiments,  Mr.  Gray 
ras  never  able  to  cause  more  than  a  slight  corrugation  of  the  surface 
f  the  organ  by  the  galvanic  current,  although  active  contractions 
ould  be  produced  in  the  esophagus,  or  stomach,  under  similar 
ireumstances.  In  no  instance  out  of  twenty  experiments,  was 
lood  expelled  from  the  organ,  or  its  diameter  diminished.  Not 
»nly  does  the  spleen  perform  this  physical  office,  but,  as  has  been 
hown,  certain  important  chemical  and  microscopical  changes  are 
bund  to  have  occurred  in  the  blood  which  has  passed  through  this 
>rgan.  In  1847,  Kolliker  advanced  the  theory  that  blood  corpuscles 
became  disintegrated  in  the  spleen,  an  opinion  which  was  afterwards 
Dpported  by  Ecker  and  B^clard.  From  various  facts  which  we  have 
lludcd  to,  we  cannot  but  look  upon  this  point  as  decided  in  the 
.ffirmative,  although  others  have  been  led  to  adopt  the  view,  that 
(lood  corpuscles  are  actually  formed,  instead  of  being  disintegrated 
a  this  organ.  KSlliker  thought  that  the  colouring  matter  of  the 
(lood  was  changed  in  the  spleen,  and  converted  into  the  peculiar 
lolouring  matter  of  the  bile;  but  Mr.  Gray  has  shown,  that  yellowish- 
preen  bile  is  found  in  the  gall-bladder  of  the  chick,  at  a  period  con- 
iderably  antecedent  to  the  development  of  the  splenic  vein.  The 
mall  size  of  the  spleen  in  the  foetus,  as  compared  with  its  increase 
.fter  birth,  and  in  adult  life,  renders  it  improbable  that  in  intra^ 
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uterine  life  it  acts  the  part  either  of  a  blood-forming,  or  blood-de^ 
stroying,  organ. 

Its  great  increase  in  size,  in  well-fed  animals,  and  its  dimbutioii 
in  insufficiently-fed  animals,  and,  especially  its  increase  after  the 
completion  of  digestion,  render  it  extremely  probable  that  it  hu  \h 
power  of  storing  up  albuminous  material  for  future  consomptioD. 
when  a  larger  quantity  of  nutrient  material  is  taken  than  is  reqoirri 
for  the  immediate  wants  of  the  system.  The  cells  of  the  Malpighiu 
corpuscles  appear,  from  Mr.  Gray's  observations,  to  be  the  orgau 
especially  concerned  in  this  process. 

Supra-renal  Capsules. — The  supra-renal  capsules  are  two  bodies 
of  a  somewhat  triangular  form,  situated  one  on  each  side  of  the 
spine,  a  little  above  the  corresponding  kidney,  to  the  capsule  of  vhid 
each  is  connected  by  loose  cellular  tissue. 

Each  supra-renal  capsule  is  about  an  inch  and  a  half  in  depth, 
somewhat  less  in  width,  and  usually  about  half  an  inch  in  thickness. 
The  weight  varies  from  one  to  two  drachms.  The  gland  is  iQclose<i 
in  a  thin  fibrous  capsule,  which  dips  down  into  its  substance.  It  is 
surrounded  with  loose  areolar  tissue,  containing  an  abundant  quantitj 
of  fat. 

Upon  making  a  section  through  the  body,  it  is  found  to  be  com- 
posed of  two  distinct  portions,  a  cortical  and  a  medullary  part.  Tae 
former  is  of  a  yellowish  colour,  shading  into  a  brown  border  towards 
the  interior.  It  tears  somewhat  readily,  and  then  exhibits  a  fibrous 
appearance.  The  medullary  substance  is  of  a  paler  colour,  unless 
thi3  vessels  are  injected  with  blood,  and  of  a  somewhat  softer  consist- 
ence. If  the  gland  be  not  perfectly  fresh,  a  cavity  is  usually  seen 
in  the  interior,  which  results  from  the  breaking  down  of  the  medal- 
lary  tissue. 

The  cortex  is  divided  into  a  series  of  compartments  or  tubes  hy 
septa  of  fibrous  tissue  prolonged  inwards  from  the  capsule  of  the 
organ.  These  spaces  extend  through  the  entire  thickness  of  this 
part  of  the  body,  and  pass  from  the  surface  vertically  inwards.  They 
contain  numerous  oval  or  spherical  bodies,  varying  consideraViV  in 
length.  These  have  been  looked  upon  by  Ecker  as  gland-follic'iN 
but  Kolliker  considers  them  merely  as  aggregations  of  cells  no:  in- 
vested with  a  distinct  membrane,  or  inclosed  in  a  larger  cell.  Thvv 
are  separated  from  each  other  by  meshes  of  areolar  tissue,  the  fibr-.- 
of  which  often  appear  to  be  connected  with  the  surface  of  the  raiis*. 
In  the  outer  part  of  the  cortex  separate  cells,  filled  with  pignuT.: 
granules,  are  usually  to  be  met  with  ;  but  in  the  inner  portion,  rojni 
or  oval  vesicles  are  found,  which  are  filled  with  oil  globules. 

The  medullary  substance  is  composed  of  a  network  of  areolar 
tissue  which  is  prolonged  from  the  cortex,  and  contains  numerou; 
vessels,  in  the  meshes  of  which  are  found  many  cells,  some  of  whicl. 
contain  fat  or  granular  pigmentary  matter.  A  distinct  nucleus  an! 
commonly  a  nucleolus  are  seen,  and  often  the  colls  have  many  angu- 
lar processes,  or  are  much  branched  f  indeed,  these  cells  present  an 
appearance  much  resembling  that  of  the  nerve  vesicle. 

Besides  the  fibrous,  vascular,  and  cellular  elements  just  described, 
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le  mednllary  portion  of  the  8npra«renal  bodies  is  yery  largely  sup- 
lied  ^ith  nerve  fibres  derived  from  the  semilunar  ganglia  and  solar 
lexus,  with  a  few  fibres  also  from  the  pneumogastric,  and  from  the 
hrenic.  The  nerves  appear  to  perforate  the  cortical  substance  in 
nreral  places,  pass  through  this,  and  enter  the  medullary,  where 
ley  form  a  plexus  amongst  the  fibrous  tissue.  The  mode  of  their 
nrmination  has  not  been  made  out. 

The  function  of  these  peculiar  bodies  is  entirely  unknown.  From 
le  great  dissimilarity  of  structure  observed  in  the  cortical  and 
edullary  portions  of  the  organs,  it  is  probable  that  each  performs 
distinct  and  separate  office.  In  the  present  state  of  our  knowledge 
e  may  continue  to  classify  the  former  with  the  ductless  or  vascular 
lands,  but,  from  the  existence  of  cells  much  resembling  nerve  vesi- 
es,  and  an  abundant  plexus  of  nerve  fibres,  it  appears  more  correct 
»  regard  the  latter  as  connected  in  some  manner  with  the  nervous 
rstem  and  probably  with  the  sympathetic.  Bergman  thinks  that 
lis  part  of  the  supra-renal  body  may,  perhaps,  bear  a  relation  to  the 
rmpathetic,  similar  to  that  which  the  pituitary  body  does  to  the 
rain.  It  is  interesting  to  note,  in  connection  with  this  subject,  that 
ir  friend,  Mr.  Brown-S^quard,  has  observed  congestion,  and  hyper- 
tiphy  of  the  supra-renal  capsules,  after  injuries  to  the  chord  in  the 
>r8al  region. 

Dr.  Addison  has  lately  published  an  account  of  several  very  in- 
resting  cases  of  disease  of  the  supra-renal  capsules,  associated  with 
ansemic  general  languor  and  debility,  remarkable  feebleness  of 
dart's  action,  irritability  of  the  stomach,  and  a  peculiar  change  of 
)lour  in  the  skin.*** 

Thyroid. — The  thyroid  body,  or  gland,  as  it  is  sometimes  called, 

a  soft,  and  very  vascular  organ,  situated  upon  the  lateral  aspect 
r  the  upper  part  of  the  trachea,  as  far  upwards  as  the  sides  of  the 
jrynx.  it  consists  of  two  lateral  lobes,  united  by  a  thin  narrow 
3rtion,  which  has  a  similar  structure^  to  that  of  the  gland  itself, 
[tending  across  the  front  of  the  third  or  fourth  rings  of  the  trachea, 
id  known  as  the  isthmus.  The  middle  lobe,  which  varies  some- 
hat  in  position,  is  a  thin  process,  extending  upwards  from  the 
thmus,  or  one  of  the  lateral  lobes,  and  often  reaches  as  high  as 
le  hyoid  bone,  to  which  it  is  attached  by  loose  fibrous  tissue ; 
kdeed,  this  process  itself  is  not  unfrequently  composed  of  fibrous 
Bsue  only,  and  sometimes  contains  a  few  fibres  of  the  thyro-hyoid 
loscle. 

The  thyroid  body  itself  is  made  up  of  a  vast  number  of  small 
ibules,  which  are  aggregated  together  in  larger  globular  or  oval 
asses,  of  which  the  entire  substance  of  the  gland  is  composed, 
hese  are  all  surrounded  by,  and  connected  together  with  areolar 
BSue,  and  each  subdivision  itself  consists  of  a  number  of  small 
osed  vesicles,  between  which  the  vessels  ramify,  also  closely  in- 

*  On  the  Constitutional  and  Local  Effects  of  Disease  of  the  Sapra-renal  Capsolei,  bj 
lomAS  Addison,  M.  D.,  Senior  Physician  to  Guy's  Hospital,  1S66. 
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vested  with  areolar  tissue,  varying  considerably  in  size,  and  ooi- 
taining  fluid,  or  thick  gelatinous  matter. 

Each  vesicle  may,  therefore,  be  described  as  consisting  of  a  fibiou 
coat,  composed  of  areolar  tissue,  internal  to  which  there  exista  t 
delicate  basement  membrane,  lined  by  cells  of  epithelium,  which  nrj 
somewhat  in  character,  but  usually  are  seen  aa  polygonal,  or  ilmort 
circular  cells  of  a  faintly  granular  appearance,  and  having  a  nuclev, 
which,  however,  is  by  no  means  invariably  present.  In  most  ift- 
stances,  the  vesicle  can  be  seen  to  be  lined  with  a  single  layer  of  tUi 
epithelium,  and  many  free  cells  are  usually  found  floatmg  m  the 
fluid  contained  in  the  cavity. 

The  fluid  in  the  vesicles  is  coagulated  by  heat  and  nitric  add,  aad 
evidently  contains  a  large  quantity  of  albumen. 

The  stroma  of  the  gland  consists  of  fibres  of  both  the  white  snd 
yellow  element,  and  it  supports  the  bloodvessels,  which  are  ez* 
ceedingly  numerous,  and  form  a  capillary  plexus  round  each  veaicb. 

The  lymphatics  in  the  thyroid  are  numerous,  but  of  their  dtunite 
distribution  nothing  is  known. 

The  following  are  analyses  of  the  thyroid  body,  by  Dr.  Betle.* 

HfunaA.         Ok. 

Water 70-60       71-M 

Solid  matter  2940       28-«6 

Fibrinous  and  albaminous  matter,  yessels,  and 

fat 26-8S4     24-<S8 

Eztractiye  matter        .....  .1*70  — 

Extractive  matter,  with  gelatine    ....  —       2'998 

Alkaline  salts •50-642 

Earthy  salts -816  -MS 

Uaeg  of  the  Thyroid. — Of  the  uses  of  the  thyroid  but  Uttle  is 
known.  The  material  found  in  the  vesicles  is  of  an  albuminoos 
nature.  Mr.  Simon  has  advanced  the  opinion  that  the  thyroid  acts 
as  a  diverticulum  to  the  cerebral  circulation,  and  that  its  nutrition 
bears  a  certain  relation  to  that  of  the  nervous  matter  of  the  brain. 
When  the  latter  is  quiescent,  the  thyroid  is  supposed  to  be  active  in 
removing  from  the  blood,  and  storing  up  in  its  cells,  certain  con- 
stituents which  are  re(juired  by  the  brain  only  in  its  active  state,  and 
which  are  diverted  to  it  when  it  resumes  its  activity.  This  new  is 
based  upon  the  important  fact,  that  the  arteries  of  the  thyroid  body 
arise  in  close  proximity  to  those  which  supply  the  brain,  the  fupmor 
thyroids  coming  ofif  from  the  external  carotid,  just  immediately  above 
the  point  of  bifurcation  of  the  common  carotid,  and  the  inftrior 
thyroid  arteries,  from  the  subclavian,  almost  immediately  oppoaiw 
the  origin  of  the  vertebrals. 

Thymus, — The  thymus  body  or  gland  is  an  organ  only  distinctly 
recognizable  during  early  life.  It  appears  to  reach  its  largest  siie 
between  the  first  and  third  years ;  but  much  variation  occurs  in  this 
point  in  different  individuals.  It  lies  partly  in  the  thorax  and  partly 
in  the  neck,  and  is  composed  of  two  lobes,  which  vary  considerably 
in  size,  sometimes  the  right  and  sometimes  the  left  being  the  largest. 

*  Dr.  llandficld  Jones,  article  **  Thyroid,"  Cyclopcedia  of  Anatomy  and  Physiology. 


MB.  Simon's  rbsearches. 


817 


The  organ  rests  upon  the  front  of  the  aortic  arch  and  large  arte- 
ries rising  from  it,  and  also  on  the  left  vena  innominata.  It  is 
covered  by  the  sternnm,  and  at  birth  reaches  down  to  the  fourth 
eoatal  cartilage.  It  extends  upwards  into  the  neck,  as  high  as  the 
thyroid  body,  and  lies  upon  the  front  and  side  of  the  trachea. 

The  researches  of  Sir  Astley  Cooper,  and  more  recently  those  of 
Mr.  Simon,  show  that  this  organ  consists  essentially  of  an  elongated 
tube,  from  all  sides  of  which  extend  numerous  small  follicles  or  sac- 
coli,  which  pour  their  contents  into  the  central  cavity.  Sir  Astley 
Cooper  unravelled  the  gland,  and,  by  having  previously  injected  the 
oentral  cavity  and  follicles  with  alcohol,  or  coloured  size,  was  enabled 
to  make  out  their  relations  and  arrangement;  although,  by  these 
processes,  it  is  probable  that  he  distended  the  central  cavity  to  a 
greater  extent  than  natural,  and  was  thus  led  to  look  upon  it  as 
much  more  extensive  than  it  was  subsequently  proved  to  be  by  the 
conclusive  observations  of  our  friend  Mr.  Simon,  which  are  published 
in  his  well-known  essay. 

The  latter  excellent  observer,  carefully  watched  the  development 
of  this  gland,  and  thus  was  the  first  to  make  out  accurately  its 
anatomy. 

It  is  probable  that  it  first  arises  from  a  row  of  cells  arranged  in 
linear  series,  which  coalesce,  and  thus  become  converted  into  a  nar- 
row tube.     The  wall   of  this 
tabe  then  bulges  at  intervals,  ^g-  250. 

and  vesicular  cavities  are  gradu- 
ally formed.  These  vesicular 
dUatations  are  much  more  abun- 
dant in  some  situations  than  in 
others ;  and  the  primary  ofiset 
divides   in  a  dichotomous  or 

aoaternary  manner,  until,  from 
be  number  and  irregular  dis- 
tribution of  these  vessels,  the 
gland  assumes  its  ultimate  shape 
and  character.  The  closed 
eavity  of  the  gland  contains 
granular  matter,  with  numer- 
ous nuclei  dispersed  through 
it.  In  a  thin  section,  the  out- 
line of  the  cavities  can  be 
readily  seen ;  they  vary  from      «•  ^T5^L**.\!'  *"*  *  '2'^-  i'  ^^*«*  «•>>» 

.-        ^cAi-A^i       t   ta  f      !•  unconnected  with  the  row,  and  QBdergolnf  deTelop- 

tne    1-OUtn  to  the  l-lotn  of  an  mem  in    lu  oriclnal  cell  shape,    e.  Primarj  tube, 

Z^^V,    i^    <1U»«^4^.    m,^A    ^^^4.^:^  formed  by  the  fusion  of  the  cella.    d.  Second  atace  of 

inon   m   aiameter,  ana   contain  deTelopmentofthethTmoii,  showlncbulgingaoftube 

numerous  granular  and  nearly   l^i^'ni^L^MSoS"""^^  "^"^  '*^•"• 

Sherical  nuclei,  which  are,  for 
e  most  part,  about  l-4000th  of  an  inch  in  diameter,  but  vary  con- 
siderably in  size.  Dr.  Handfield  Jones  observes  that  before  any 
appearance  of  atrophy  has  taken  place,  these  elements  are  alone 
found,  and  there  is  an  entire  absence  of  oil  particles,  and  granular 
material.     The  nuclei  seem  to  fill  the  ultimate  vesicles  completely. 
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Fig.  261. 


U%e9  of  the  Thymus. — Mr.  Simon  regards  the  secretion  of  the 
thymus  as  allied  to  proteine,  and  of  a  nutritions  nature. 

In  the  human  foetus,  the  thymus  cannot  be  detected  before  the 

ninth  week,  and  its  functional  ictintj 
is  greatest  in  the  early  period  of  life, 
before  the  muscular  system  is  in  a  Tery 
active  state ;  for  when  the  muscles  be- 
come more  fully  active,  the  thymus  ap- 
pears not  to  be  required.  It  seems  coo- 
nected  with  the  preparation  of  matter 
for  the  pulmonary  organs  in  the  "age 
of  early  growth."  Arguing  from  these 
and  many  other  facts,  Mr.  Simon  looks 
upon  the  thymus  as  acting  "  as  a  sink- 
ing fund  in  the  service  of  respiration." 
From  the  twentieth  to  the  twentj-ifik 
year  it  diminishes  rapidly  in  use,  mtil 
no  trace  of  it  can  be  detected  in  the 
areolar  tissue  of  the  mediastinum,  h 
hibernating  animals,  previous  to  the 
commencement  of  the  winter  sleep,  the 
thymus  becomes  gorged  with  fat,  whid 
is  slowly  consumed  during  the  period  of 
hibernation.  It  has  been  remaned,  that 
the  use  of  the  thymus  at  the  different  periods  of  active  growth  and 
hibernation  is  distinct.  In  the  latter  case,  it  doubtless  supplies 
hydro-carbonaceous  matter  for  respiration ;  but  its  office,  during  the 
former  period,  appears  rather  to  be  that  of  elaborating  fibrine  from 
albumen  and  other  substances  by  the  action  of  its  numerous  nuclei 
As  the  absorbent  and  other  glands  connected  with  the  vascular  sys- 
tem become  developed,  there  seems  no  longer  any  need  of  a  speciil 
organ  for  this  purpose,  and  consequently  the  thymus  soon  disappears. 
Professor  Paget  and  Dr.  Handfield  Jones  express  themselves  in 
favour  of  this  latter  view.  In  the  present  state  of  our  knowledge, 
perhaps  no  better  hypothesis  of  the  oflSce  of  this  gland  can  be  sug- 
gested. The  whole  subject  of  the  physiology  of  the  vascular  Joct- 
less  glands  (if  glands  they  be)  is  involved  in  deep  obscurity,  and  it 
is  impossible  to  form  a  theory  of  their  respective  functions  which  is 
perfectly  satisfactory.  Not  less  obscure  are  their  morbid  conJitiuiis, 
upon  which  the  improved  anatomy  of  the  last  few  years  has  thrown 
but  little  light. 


a.  Binary  and  quaternary  divlaion 
of   simple  follicles,     b.  Unasnal   ap- 

arance,  in  which  the  follicles  must 

ave  increaj»ed  considerably  In  length 
before  undergoing  division.  From  the 
foDtal  Iamb. 

e.  Mature  structure  of  thymus,  show- 
ing the  arrangement  of  the  Tesieles 
belonging  to  one  cone.  d.  Tube  of 
gland.    After  Simon.    Bednced. 


The  student  is  referred  to  the  following  works  for  a  more  detailed  statement  of  ih; 
various  views  now  held  upon  the  anatomy  and  physiology  of  the  vascular  glandi. 

Spleen. — KOUiker's  "  Mikroscopische  Anatoniie,"  and  the  Article  *»  Spleen,"  in  tbf 
Cyclopiedia  of  Anatomy  and  Physiology;  Ecker's  Art.  **  Milz,"  in  Wagner's  IUdJ 
wurterbuch ;  Sanders  "On  the  Structure  of  the  Spleen,"  in  the  Annals  of  Anati-aij 
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CHAPTER    XXXVL 

ON  GENERATION. — FISSIPAROUS  MULTIPLICATION.  —  GEMMIPAROUS 
MULTIPLICATION. — TRUE  GENERATION. — METAMORPHOSIS. — META- 
GENESIS, OR  ALTERNATION  OF  GENERATIONS. — SEXUAL  ORGANS. 
—  INVERTEBRATA. —  INFUSORIA. — POLYPS. —  ACALEPHJE. — ECHINO- 
DERM  ATA.  —  ENTOZOA.  —  ANNELIDA.  —  MOLLUSCA.  —  CRUSTACEA. — 
INSECTA. — PISCES. — REPTILIA. — ^AVES. — MAMMALIA. 

Amongst  the  lower  classes  of  organized  beings,  both  in  the  animal 
md  vegetable  kingdom,  the  multiplication  of  individuals,  or  the  pro- 
pagation of  the  species,  is  provided  for  by  three  different  processes, 
while  in  the  highest  forms  of  animal  life  the  process  of  generation  is 
restricted  to  one  of  these  types. 

The  simplest  manner  in  which  the  multiplication  of  individuals 
takes  place,  consists  in  the  division  of  the  being  into  two,  each  of 
these  again  dividing  into  two  others,  and  so  on ;  this  is  multiplication 
by  fission. 

The  second  mode  of  increase  consists  in  the  formation  of  a  bud  at 
some  part  of  the  body  of  the  parent :  this  bud  is  gradually  developed, 
drops  off,  becomes  independent  of  its  parent,  and  ultimately  assumes 
a  perfect  form,  resembling  in  all  particulars  that  from  which  it 
sprung. 

The  third  mode  differs  materially  from  the  two  former,  in  the  fact, 
that  the  new  organism  results  from  a  series  of  changes  occurring  in 
an  impregnated  ovum,  which  is  produced  by  the  mutual  action  of  the 
eoDtents  of  two  dissimilar  cells,  the  products  of  distinct  parental 
organs.  The  new  body  differs  essentially  from  either  of  the  two  cells 
which  produced  it.     This  is  true  generation. 

Fi%%iparou%  Multiplication. — In  the  lowest  plants,  such  as  the 
lichens  and  fungi,  this  mode  of  multiplication  very  commonly  occurs. 
The  cell,  or  cells,  of  which  the  plant  consists,  divide  and  subdivide ; 
and,  in  this  manner,  new  organisms  are  produced.  The  same  mode 
of  reproduction  is  also  seen  to  be  very  common  amongst  the  in- 
fusoria, and  may  be  watched  in  the  common  vorticella. 


Fig  2r>2. 


Yorti«tlU  lOerMt MM  aultlpl jlaf  bj  ■poaUaeoiu  longitudinal  diriiion,  firom  Bbrenbers. 
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The  joints  of  the  common  tape-worm  multiplj  in  this  manner,  tnd 
after  a  time,  when  perfectly  developed,  become  free  and  sepante 
from  the  trunk  of  the  worm.  Amongst  the  worms  (Annelida)  repro- 
duction takes  place  partly  in  this  manner.  In  the  Nau,  three  or 
four  young  worms,  resulting  from  the  division  of  the  parent,  mj 
often  be  seen  still  connected  with  its  body.  As  these  beoome  it 
veloped,  they  are  disconnected  from  the  parent,  and,  in  their  tin, 
give  rise  to  others  by  a  similar  process. 

Fig.  258. 


'^^%f^/ 


NaTs  probotdde*,  mnltiplTlng  bj  sponUuieoiu  tranrrene  diriiion,  ihowiBg  Um  bolf  tf  tfe  pmtt 
worm  and  three  jonng  ones  In  diflerent  stages  of  developjnent.  a.  Point  at  which  new  isgMaBiti 
being  formed.    After  MUUer. 

In  the  above  instances,  multiplication  by  division  occurs  as  i  ni- 
tural  process ;  but  there  are  many  instances  in  which  the  parts  re 
suiting  from  artificial  division  ultimately  become  developed  into  i 
perfect  animal.  Thus  a  planaria,  or  a  polyp,  may  be  divided  into 
many  segments ;  and  each  portion  has  the  power  of  absorbing  to 
itself  nutriment,  and  of  becoming  developed  into  a  perfect  form. 
The  slightest  handling,  again,  causes  some  animals  to  break  np  in 
pieces,  and  each  separate  part  becomes  a  new  being. 

Multiplication  ly  Gemmation. — A  bud  consists  of  a  mass  of  cell?, 
which  possess  the  power  of  development,  under  favourable  circum- 
stances, into  a  form  identical  with  that  from  which  they  were  pro- 
duced. In  consequence  of  this  property,  the  bud  of  a  plant  has  been 
termed  3,phyto7i;  and  a  tree  must,  therefore,  be  looked  upon  as  an 
assemblage  of  these  phytons.  We  must,  however,  bear  in  mind,  :bt 
all  buds  have  not  this  power,  as,  for  instance,  flower  buds  do  n:t 
give  rise  to  the  formation  of  new  buds  of  any  sort,  but  proJace 
seeds. 

Amongst  the  lower  animals,  reproduction  by  buds  is  very  common, 
and  can  be  readily  examined  in  the  vorticellae  and  polyps. 

In  the  hydra,  the  first  change  which  is  observed  consists  in  tie 
formation  of  a  little  elevation  which  soon  becomes  globular;  neita 
cavity  is  formed  in  this  globular  mass,  and  becomes  continuous  with 
that  of  the  parent.  After  a  time  the  channel  of  communication 
closes,  and  the  bud  begins  to  assume  the  form  of  a  polvp,  which 
ultimately  drops  ofi* ;  and  in  this  way  a  new  creature  is  form'ed.    Tiw 
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Figures  of  the  fireeh-water  hydni  and 
Tortteella,  ehoirlng  the  maldplication 
of  new  indlTldaals  bj  the  formation  of 
bads. 


ococci  multiply  by  the  formation  of  ^g*  264. 

upon  the  internal  surface  of  the 
tid  vesicle.  At  first  they  are  at- 
d  by  a  sort  of  stem ;  but  ultimately 
become  free,  and  move  about  in 
luid  of  the  parent  cyst  by  aid  of 
hooks  and  suckers, 
bud  differs  from  an  ovum  in  the 
*tant  particular,  that  it  contains 
1  itself  the  power  of  development, 
the  latter  is  incapable  of  becom- 
eveloped  into  the  form  of  its  pa- 
until  it  has  been  subjected  to  the 
1  of  the  contents  of  another  cell, 
only  resemblance  between  a  bud 
n  ovum  is,  that  in  both  the  organization  is  imperfect. 
ue  Generation, — The  processes  of  multiplication  above  referred 
ist  be  distinguished  from  the  one  which  we  are  now  about  to 
ler.  T^MQ  generation  consists  in  the  union  of  the  contents  of  two 
snt  cells,  called  respectively  the  "sperm  cell"  and  "germ  cell," 
he  production  of  a  structure  differing  from  both,  from  which  the 
»eing  is  ultimately  evolved.  The  simplest  form  of  this  process 
n  in  the  lower  algae  in  conjtigation.  At  first,  the  opposite  cells 
0  filaments  are  seen  to  be  swollen  on  the  side  turned  towards 
other ;  the  swelling  increases  until  a  sort  of  process  is  formed 
each :  these  at  length  meet ;  the  walls  become  fused,  the  cavi- 
ontinuous,  and  the  contents  of  the  two  cells 
le  mixed.  From  this  admixture  a  new  body, 
d  a  9pore  or  sporangium^  results,  by  the  de- 
ment of  which  the  new  plant  is  formed, 
the  higher  plants  and  in  animals,  distinct 
8  are  set  apart  for  the  formation  of  the  sperm 
and  germ  cells.  By  the  action  of  the  con- 
of  the  sperm  cell  the  ovum  becomes  impreg- 
;  and  under  favourable  circumstances,  often 
independent  of  the  parent,  changes  result 

give  rise  to  the  formation  of  the  embryo 
which  the  adult  animal  is  gradually  deve- 
> 

w,  either  the  perfect  form  of  the  being  may 
wined  by  the  gradual  and  progressive  deve- 
st of  the  embryo,  or  several  distinct  phases 
istenee  may  be  passed  through  before  the 
ire  reaches  its  perfectly  developed  form, 
alter  condition  is  seen  in  many  of  the  lower 
B  of  animals,  and  is  familiar  to  us  in  the 
of  insects ;  it  is,  in  fact,  what  we  understand 
tamarphosis, 

tamarphosis, — In  metamorphosis,  it  must  be 
illy  borne  in  mind,  that  it  is  the  self-same 
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Fig.  256. 


Conferra  bipnnctata  ia. 
the  aet  of  eonjngation, 
after  Keyea.    The  cells 
from     contiguous     fila- 
ments   approach     each 
other,    and    ultimatel/ 
their  caTities   ooaleece. 
The  oTal  spores  result- 
ing from  the  action    of 
the  contents  of  oue  cell 
upon  the  other  are  secA 
U  two  of  th«  eaUa. 


OWUA^MiBses  through  ocruin  tran^tionu  sta^^  or  f^M^ 
"*      '  *r  becomes  the  perfectly  developed  animnl ;  «  cwditiai 

. ^  lerent  from  that  which  we  shall  next  conejiltr  vala 

tbt  lAim'^tltgt'nesis,  or  alternation  of  generation*,  in  which  ne- 
«MriT«  g^entioDs  of  lorvul  creaturea  are  prodaced  from  hn* 
iririMM'  tte  occurrence  of  any  fresh  generative  act.  Here,  tutal 
of'dinntaffiTidtinl  passing  through  several  transitional  fortiH,H(i^ 
jwJhtrtSf  dcrtlopeJ  creuture  produces  a  nultitode  of  fonu,  r(im 
Dling  either  itself  or  the  perfect  individuals  from  which  the  em 
ms  formed  which  evolved  it, 

MitageHema. — In  some  animalB,  the  embryo,  instead  of  \xaf 
developed  into  a  form  resembling  that  of  ilij  parents,  only  aitiiut 
lort  of  luTftl  condition,  tho  offspring  of  which,  however,  retnntu 
1^  ptttttt  iji^e,  instead  of  assuming  the  character  of  their  Urnl 
patient.  Now,  between  the  fully-developed  animals  of  ooe  men- 
tion and  UiOM  of  the  next  succeeding  there  may  be  several  Mritecf 
AONloipetftn  or  hirval  forms;  each  larva  producing  withotu  ay 
gtatnA^  w)t^  and,  indeed,  without  iteelf  possessing  true  geBenlit* 
Orguu,  Mifty  similar  larval  forms,  until  at  last  these  larvtp,  lulMi 
of'prodieiu  l&rvx,  give  rise  to  perfect  forms,  which  propagate  odIj 
bjthe pronation  of  ova. 

'  Thitunrioui  phenomenon  occurs  amongst  many  classts  of  anini}*; 
■ad  Utt  Mdll^t  of  late  years  has  engaged  the  attention  of  Ban; 
natoraliltt.  fiteenstmp  has  described  the  process  under  the  tfm 
alt$matiM  (f  ffenerationg.  Owen  terms  it  metageneeU  and  jMTtit- 
lWff«ntni,  The  facts  have  been  explained  differently  by  difftrwii 
obMrven;  the  two  most  important  theories  being  the  folbviDg: 
•eeording  to  the  first,  the  subsequent  broods  result  by  a  procta 
resembling  bndding,  taking  place  within  the  bodies  of  their  prt^ 
cesson;  while  the  second  supposes  that  a  portion  of  the  origiiul 
germ-masB  ia  actually  transmitted  from  the  parent  through  ^ 
whole  series  of  beings  eztstiag  benroen  two  genentin  Mtt  Bi 
latter  view  has  been  most  ably  adrooated  by  Prohnor  Oim,  !■  Mi 
lectures  on  Parthenogenetia ;  and  the  former  ia  mpported  by  Dr. 
Carpenter.  In  the  CatDpanularia  dichotoma,  one  of  the  triM  «t 
polyps,  at  certain  periods,  buds  are  developed  from  the  atea,  lASA 
do  not  become  converted  into  polyps,  but,  after  having  teaehad  ■ 
certain  stage  of  developmeat,  drop  off,  and  in  their  matim  •tale  ut 
seen  as  transparent  disc-like  bodies,  having  the  power  of  swimmiif 
about  in  the  water.  These  creatures  have  long  bees  known  « 
MeduBEe,  or  jelly-fishes.  It  must  be  remarked,  uat  no  generatiTC 
organs  are  to  be  found  in  the  polyp ;  but  these  organs  are  food  it 
the  Mednsse,  in  which  also  ova  are  developed.  Th«  ora  baeMi 
.polyps,  which  eventually  put  forth  Medasa-bnds  as  before. 

In  another  polyp,  the  Strobile,  at  certain  perioda,  muItiplicaliM 
by  the  formation  of  buds  oeases,  and  the  body  of  the  pt^jplieaowi 
constricted,  and  at  the  same  time  much  elongated.  The  ooubw- 
tions,  which  may  be  as  many  as  forty  is  somber,  gradaallj  beeiM 
deeper,  until  at  length  the  body  of  the  polyp  becoioei  divided  irtis 
.nomher  of  flattened  discs.     The  terminu  disc  drops  off,  and  ifpiM 
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an  a  free  swimming  Medusa,  in  which  generative  organs  are  found 
and  ova  produced.  The  other  discs  fall  off  successively,  and  in  like 
manner  become  Medusae.  These  poljps,  therefore,  would  with  pro- 
priety be  considered  as  belonging  to  the  class  Acalephse,  the  Medusa 
representing  the  perfect  condition  of  these  animals. 

The  livers  of  various  animals  are  infested  with  an  entozoon  termed 
a  fluke.  The  development  of  the  fluke  of  the  common  fresh-water 
snail  (Limnssus  stagnalis)  presents  us  with  a  beautiful  example  of  the 
enrious  phenomenon  we  are  now  considering.  In  the  first  stage  of 
its  existence  it  is  seen  as  a  creature  (Cercaria)  swimming  about  in 
the  water,  and  is  provided  with  a  tail.  After  a  time,  these  cercariae 
fix  themselves  to  the  skin  of  the  snail  by  means  of  a  circlet  of  hooks. 
The  tail  is  cast  off,  and  the  body  becomes  covered  with  mucus,  which 
hardens,  until  a  transparent  case  is  formed.  This  is  the  pupa  state. 
Next  the  creature  bores  its  way  into  the  body  of  the  snail,  and 
reaches  the  liver ;  the  hooks  drop  off,  and  it  possesses  all  the  charac- 
ters of  a  fluke  or  distoma.  The  fluke  develops  ova ;  the  ova  become 
developed  into  worm-like  creatures,  which  inhabit  the  snails.  The 
worm-like  body  contains,  as  it  were,  a  progeny,  each  member  of  which 
becomes  the  parent  of  another  generation.  The  original  larvae  are 
developed  from  a  perfectly  spherical  germ,  consisting  of  granules. 
So  that  the  early  stages  of  life  of  the  fluke  are  passed  in  the  body 
of  a  worm-like  creature ;  the  next,  in  the  water,  free ;  next,  attached 
to  the  body  of  a  snail ;  and  lastly,  in  a  perfectly  developed  form  in 
the  liver.  Thus  this  creature  assumes  three  distinct  forms  at  differ- 
ent periods  of  its  existence,  which,  until  these  discoveries  were  made, 
had  been  described  as  three  distinct  creatures. 

There  are  numerous  other  most  striking  instances  among  the  ento- 
soa  of  this  extraordinary  change  of  character  in  the  course  of  deve- 
lopment. It  has  long  been  known  that  the  cystic  entozoa  (as  Cysti- 
cercus,  etc.)  are  not  provided  with  generative  organs ;  but  it  was 
reserved  for  Van  Siebold  to  show  that  these  entozoa  were  only  the 
imperfectly  developed  forms  of  species  occupying  a  higher  position ; 
and  he  has  been  able  to  prove  that  the  cysticereus  fasciolanSf  which 
18  found  in  the  liver  of  the  rat  and  mouse,  becomes  developed  in  the 
intestine  of  the  cat  into  the  tcenia  erassicoUiSy  the  common  tape-worm 
of  that  animal.  Kuchenmeister  and  Van  Beneden  have  been  able 
to  demonstrate  the  occurrence  of  similar  changes  in  many  other 
entozoa. 

Another  beautiful  example  of  metagenesu  occurs  among  the  mem- 
bers of  a  much  higher  class  of  animals — insects.  The  ovum  of  the 
perfect  winged  aphides,  or  plant  lice,  becomes  developed  into  an  im- 

Eerfect  wingless,  or  larval  creature,  in  which  no  sexual  organs  have 
een  discovered.  These  viviparous,  but  non-sexual  larval  forms  are 
capable  of  producing  non-sexual  descendants  exactlv  resembling 
them,  without  the  occurrence  of  any  generative  act,  and  this  process 
is  repeated  for  nine  or  ten  generations.  The  last  autumnal  brood, 
however,  of  these  larvae  produce,  in  the  same  viviparous  manner, 
perfect  male  and  perfect  female  insects,  with  fully  developed  sexual 
organs.     The  female  deposits  her  ova  in  the  axils  of  the  leaves  and 


824  OENERATIOir. 

other  protected  parts  of  the  plant,  where  they  remnin  until  tlie  fol- 
lowing spring,  when  they  are  hatched,  and  the  larvse  above  described 
issue  forth ;  the  first  larva  producing  eight,  and  each  of  these  repeat- 
ing the  process,  until,  in  the  course  of  the  summer,  millions  of  hrral 
forms  are  produced.  This  must  conclude  our  very  imperfect  sketch 
of  these  interesting  processes ;  and,  for  more  detailed  infonnation, 
we  must  refer  the  reader  to  the  works  enumerated  at  the  end  of  the 
present  chapter. 

Professor  Owen  considers  that  the  larval  forms  result  from  the 
development  of  a  portion  of  the  original  germ-substance  of  the  yolk, 
which  was  not  converted  into  a  portion  of  the  textures  of  the  beings 
which  resulted  from  the  immediate  development  of  the  ovum ;  and 
hence  he  has  applied  the  term  parthenogeneais,  or  virgin  generation, 
to  this  process  of  development.  Dr.  Carpenter,  on  the  other  hand, 
looks  upon  the  process  as  akin  to  gemmation,  or  budding,  rather  than 
one  of  actual  generation.  Victor  Carus  shows  that  in  this  process 
of  development  the  embryo  is  formed  from  a  granular  germ,  whereas 
ordinarily  it  results  from  the  process  of  cell-multiplication,  as  will 
be  shown  in  the  chapter  on  the  development  of  the  embryo.  The 
same  author  contrasts  the  process  of  metamorphosis  and  metagene- 
sis in  the  following  words:  '^Larvse,  the  subjects  of  metamorphosis, 
arrive  at  the  state  of  perfection  by  throwing  off  provisional  structares 
which  belong  to  their  larval  condition ;  but  nurses,'*'  the  subjects  of 
metagenesis,  are  themselves  entirely  provisional  structures." 

In  the  present  state  of  knowledge,  it  is  difficult  to  group  these 
extraordinary  phenomena  under  one  general  head.  Althoagh  ve 
may  contrast  the  processes  of  metamorphosis  and  metagenesis  with 
each  other,  and  draw  definite  distinctions  between  them,  we  muse 
remember  that  there  are  instances  in  which  both  these  processes 
occur ;  and  although  metamorphosis  affects  a  single  individual,  and 
metagenesis  a  very  numerous  progeny,  we  do  not  feel  ourselves  in  a 
position  to  define  the  exact  relation  which  one  bears  to  the  other,  and 
wo  think  it  better  to  avoid  any  attempt  at  generalization  until  a 
greater  number  of  facts  relating  to  these  wonderful  processes  ?houll 
be  discovered,  rather  than  adopt  a  view  which  future  research  miy 
show  to  be  erroneous. 

Srxual  On/ana, — The  generative  organs  are  of  two  kinds,  the  mnle 
and  the  female  organs,  the  one  secreting  the  "sperm  cell,"  and  liio 
other  the  "germ  cell."  The  generative  apparatus  consists  of  tw.- 
parts :  a  formative  organ,  in  which  tlie  elements  are  produoi-il.  atii 
which  is  essential;  and  an  efferent  duct,  by  which  the  proJucts  vf 
secretion  are  carried  off. 

The  male  and  female  organs  may  exist  in  one  indivifiual  or  in 
separate  individuals.  The  first  condition  is  termed  utus*xtrdj  and 
the  second  bisexual  generation. 

In  some  unisexual  or  hermaphrodite  animals,  self-impregnation 

*  Tlie  term  "nurse"  wns  orijrinnlly  sipplioil  liy  Stcen^!trllp  to  these  Inrval  f-r:;:', 
hut  T\c  h.'ivc  purposely  avoidivl  its  use,  a^  it  is  for  many  reasons  ver^-  olijccti.nall-^ 
and  likely  to  convey  a  wrong  idea  of  the  nature  of  the  viviparous  larva>. 
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takes  place,  as  is  the  case  in  the  common  tape- worm  (Taenia  solium); 
irhile  in  other  instances,  concourse  is  necessary  in  order  that  the  ova 
should  be  exposed  to  the  action  of  the  spermatic  fluid ;  this  is  the 
case  with  many  of  the  mollusca,  as  the  common  snail,  etc.  In  these 
instances,  each  hermaphrodite  animal  impregnates  its  neighbour. 

Besides  the  secretion  of  the  formative  organ,  other  secretions  are 
freauently  poured  into  the  efferent  duct.  The  duct  undergoes  great 
modifications  in  different  parts  of  its  course  in  various  animals, 
according  to  the  particular  office  it  has  to  fulfil.  We  shall  now  con- 
aider  some  of  the  most  important  characters  which  the  sexual  organs 
exhibit  in  the  different  classes  of  animals. 

Inyirtibrata. 

Th«  Ttifiuoria  muUiplj  by  fission,  and  rarely  by  gemmation.  No  sexual  organs  baTe 
jet  been  disco? ered  in  them,  and  ova  are  not  met  with  in  this  lowest  class  of  the 
animal  series. 

Fission  may  occur  in  the  longitudinal  direction,  as  in  the  VorticeUa :  or  transTersely, 
•■  in  Sttntor  and  some  others ;  or  in  both  directions,  as  in  Burtaria^  Paramadum^  and 
others.  The  VorticelliB  are  also  propagated  by  the  formation  of  buds.  When  divi- 
rion  is  about  to  take  place,  the  cell  within  the  body,  known  as  the  nucleus,  is  seen  to 
divide  into  two ;  each  half  containing,  therefore,  a  newly-formed  nucleus. 

The  PofypM  multiply  by  gemmation  and  by  the  formation  of  ova,  Tcry  rarely  by 
ftssion.  In  gemmation,  the  young  polyp  may  be  ultimately  set  free,  as  in  the  Hydra  ; 
or  it  may  remain  attached  to  &e  stem  or  common  body,  or  polypidon,  as  in  the 
nijority  of  the  members  of  this  class.  Some  polyps  are  hermaphrodite,  while  in 
many  the  sexes  are  distinct.  At  the  time  when  the  common  hydra  is  about  to  propa- 
gate by  ora,  the  male  and  female  organs  are  both  dcTeloped  as  excrescences  upon  the 
outer  surface  of  the  body.  Others,  again,  are  sexless,  and  giTe  rise  to  the  develop- 
ment  of  medusa-buds,  or  split  up  into  discs,  as  already  described  in  p.  822. 

Reproduction  in  the  class  Aealephae  takes  place  almost  entirely  by  the  formation  of 
ora.  It  has,  however,  been  shown  by  Professor  Huxley,  that  some  multiply  by  gem- 
mation as  well  as  by  the  production  of  ova  (Diphyidse).  Some  of  the  species  are  uni- 
sexual, and  others  bisexual.  The  genital  organs  are  only  dcTeloped  at  certain  periods 
and  the  male  and  female  elements  are  brought  into  contact  through  the  influence  of  the 
water  in  which  they  swim. 

In  the  Eehinodarmata^  fission  has  only  been  observed  to  occur  in  one  class  (Holo- 
thnria) ;  and  the  generative  function,  which  is  developed  in  this  class  to  a  great  extent, 
is  carried  on  almost  exclusively  by  the  production  of  ova.  The  sexes  are  distinct,  but 
the  ova  are  impregnated  without  sexual  intercourse.  In  some  there  is  a  proper  effer- 
ent duct ;  but  in  others  the  elements  pass  into  the  respiratory  cavity,  and  thus  escape 
trwsL  the  body. 

Among  the  Entoxoa  great  variety  is  met  with  in  the  arrangement  and  character  of 
the  generative  organs.  Almost  all  the  animals  of  this  class  possess  true  generative 
organs,  and  multiply  by  means  of  ova,  but  in  many  of  them  fission  occurs ;  as,  for 
instance,  in  the  tape-worm ;  but  it  is  worthy  of  remark,  that  the  entire  animal  is  not 
produced  in  this  process.  The  segments,  however,  which  have  been  separated  con- 
tinue to  live.  As  already  mentioned,  the  Echinococcus  multiplies  by  the  formation  of 
bttds. 

Some  of  the  Entoxoa  are  unisexual,  and  have  the  power  of  self-impregnation,  and 
eome  are  bisexual. 

The  Annelida  reproduce  by  sexual  apparatus,  and  in  some  instances,  as  already  re- 
ferred to,  by  transverse  fission.  In  the  latter  case,  the  different  organs,  including  the 
tentacles  and  eyes,  are  developed  before  the  new  animal  is  separated  from  the  old  one. 
This  mode  of  multiplication,  however,  only  continues  for  a  certain  time ;  at  length  it 
ceases ;  genital  organs,  which  before  could  not  be  distinguished,  are  developed,  and 
ovm  are  formed.  The  Hirudines  and  Lumbrici  are  hermaphrodite,  but  copulation  is 
necessary  for  impregnation  to  take  place. 

Amongst  the  lower  MoUutca^  the  sexes  are  sometimes  united  in  one  individual,  and 
•ometimes  distinct  There  are  no  copulatory  organs,  so  that  the  water  forms  the 
medium  by  which  the  spermatic  particles  are  conveyed  to  the  ova.  Amongst  the 
Tunicate,  mulUpIication  also  takes  place  by  gemmation. 
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Of  tlie  lilghn  jr«Ihi(OT,  some  are  bcnnnphroaite,  Ati<l  In  odien  dit  mttinft-    ' 
ftict     Slany  fumiUea  aro  cbarncteriied  by  the  poeafsaioD  of  what  hMbWB  Wim»<m     ' 
'hermnplirodiM  gleko J,  «bicli  is  nlmo^t  alwajB  imbedded  in  (he  Enbaniwc  tS  tbi  im     i 
ybis  gland  coneisU  af  nuiaeruus  ntiiiating  and  bntnched  cnen.     Baeb  mdmm  h>Mi     | 
gtan  extemal  uiil  iatvrnal  sac  folded  nitbia  tbe  fint.     0>a  are  pnxland  by  ^» 
ternal  sac,  uid  Hpermatic  parUcles  bjr  the  Internal  one.     Bscr«l«n  dwu  fM*^ 
ftn>iD  tbese  organs,  and  terminate  in  two  tnbes ;  the  one  correapoadlag  (o  Ikt  f  A 
It^isn  tube,  the  other  to  the  raa  defereog.     Desidea    ttiia  appaiktda,  (Wn  li  ika 

K other  organ  oonaectod  nilb  the  exoretorj  duel ;  l&is  ii  tlt»  alboiMS  ^UaA,  «W 
rnishee  a  aecretion  in  wbicb  tba  ore  become  imbediled  u  ifae;  pui  tvnrtate    I 
,  Viemal  orificD.     This  curious  Brraugemenl  m»3  be  well  seen  In  the  vonaha  waM.       \ 
Into  the  aome  esTit;  or  cloaca  in  vrbieh  the  genital  doct*  teratiuU,  It  Ami  %■ 
Spenbg  of  iiuother  itrj  reninrkuble  orgnn — llic  dart  aao— 4u  irhicb  a  baH  aaA  tuw- 
wielj  9harp-puint«d,  and  eumetimea  loothetl,  calcorcoua  bodjr  is  formed,  •hiib  i*  p* 
jeeted  daring  copulsdon.     Tho  dart  nn;  ba  looked  upon  as  on  omuifemnl  br  p»    , 
4ucing  aexi^  ezoitement,  for  each  snait  bus  been  eeeo  to  [trick  the  othar  jiHt  Mm 

Amongst  the  C7<AaIii;)«Ia.  the  highest  of  Ibe  MolluKo.  the  sexes  are  almpbdMl  ' 
Cob oecled  with  the  excretory  duct  of  the  OTary  is  an  npparslus  vhieh  fttniABl  ' 
■ecrelion  by  which  the  eggs  are  bound  together,  and  a  Grm  hanf  mrtriif  (ttiMtfcr  ' 
their  pro  lection.  I 

The  testicle  cooffiats  of  an  oblong  organ,  sitaotecl  at  the  bottom  ortLee*tiir<t*) 
bBOlt«.  Connected  with  the  excretory  tobe,  is  a  sac  in  which  some  yvrj  oon^AaM' 
ngoni,  eoDlaining  (he  Bperm,  ore  dereloped.  from  which  the  eonteota  an  eipdadti; 
,  K  vary  remarkable  projectile  apparotua.  Coition  appears  to  take  ploca  simplj  Vj  "< 
Animal  applying  itseU  to  the  oiher.  A  true  introousaioa  of  th«  penii  aeetiu  Wdl; 
|iosaible. 

One  of  the  most  cations  phenomens  which  has  been  discovert  in  oonD««iioBatt 
the  generation  of  some  of  the  uiemberB  of  t]jia  class  must  be  briefly  noUoed  hera.  fli 
the  male  .Argonaut  is  dcTelopod  a  curiouE  elongated  body,  termed  Beotoeo^ai,  <IU 
eommuoioates  with  the  teacicte  of  the  Argonant  by  a  duct.  Before  litis  bo^Whn 
proved  to  belong  to  the  male  Argonaut,  and  bad  only  been  seen  upon  lb«  ftaik<ll 
was  looked  upon  as  ft  parasite,  and  Cavior  described  it  aa  one  of  the  TrmMteda  A* 
HeL-tocotyloB,  which  is  to  be  regarded  as  one  of  the  arms  of  the  animal  metanoiphHid 
in  a  pecaliar  way,  at  length  beoomes  filled  with  spermatic  Quid,  (md  drops  «■.  tl  ii 
new  uidependcDt,  and  comes  into  contact  with  the  female  Argonaut,  which  it  \mt^ 
nates.  In  Ibis  point  it  resembles,  "as  also  by  its  moiemenls,  by  a  kind  of  (otJ*- 
tiiiii.  nii'l  liy  ilic  long  duration  of  its  life  afier  delaubment,  a   true  mal«  unaiT' 

Among  (BSteent  IktdDei  of  the  OmOmm,  thi  iiiiigiiMT  «f  tta  inMiANMM 
Tiriea  mooh.  In  mort,  the  Mxe*  are  dMIiwt;  Imt  om  dM^  Cfat&MkMWlli- 
phrodite.  fTninnrnnlTra.  egitn.  ini  ■hiiintiiTilTirfTlljfiwilw.  wmifJA^KJit^ 
genentlana  prodBoe  fiMulM,  ud  at  tot  long  InUnali  v^,mgMt.  UMfliik^ 
agyn,  lay  two  Undi  of  e^s,  one  of  whteh  beoemea  dervlttped  ■iiimliiwiiJj.  ilii 
the  other  requires  to  be  fecundated  by  the  apennatie  flnld.  The  fcaala  rf  tti 
Daphnia,  towards  the  close  of  the  year,  prodaees  two  egga,  whUlmMtbelMbl 
npon  in  the  light  of  gemmn,  or  bnds,  aa  Uiey  oont^  no  gemdaal  Tialrfle  Aw  ■• 
the  so-oalled  hibernating  e^a,  and  are  dereloped  vilhont  the  ftomdatiig  UvHi 
of  the  aperm. 

Among  the  Cmstaeea,  the  genital  organs  are  nnuUy  dovhla,  a 
both  seiea.     Conneeted  with  the  elTerent  duet  of  the  flunale  orgaaa  are  mm 
which  oeciete  a  ilacld  enbiUnee,  by  which  the  eggs  are  glued  together  in  d 
the  poaterlor  abdominal  feet,  as  ooonrs,  for  the  moat  par^  am(n>  the  I 
(lobater,  etc ) ;  bnt  in  those  species  In  which  these  orgaiw  arc  i 


formed  a  uanapium,  or  Bort  of  poaoh,  connected  with  the  lower  vu&ee  of  the  tkom, 

Inia  which  the  eggs  are  reoeiTea  and  retained  ontil  the  Tirang  ■^'itaft     1~       

number  of  the  CirrhinodaaiehennapIin>dite;  bnt  it  haa  been  alioira  bjO 
this  is  not  a  mWersu  ehaneterieUe  oT  tliia  elaes. 

Among  the  difl'toent  &miUea  of  the  large  class /fuseto,  the  amagementef  A*  |W- 
ratire  organs  presents  great  laiiety.  The  sexes  are  always  disttnot,  and  lifj'Tl* 
tion  is  Inrariably  effected  by  copulatloD,'  henoe,  theext«T«al  apertan  gf  Ikt  rihnit 
duct  Ifl  found  to  be  Tarionsly  modified,  according  to  tlie  dlOcraot  etre«HilHMtli 
whioh  the  animal  liTes,  and  the  modification  of  its  genenl  fomt.  la  soBtebMi^A* 
fcmiilei  are  very  few  In  number,  and  often  whole  ooloniea  are  derriapid  ftiB  Mi 
Amale.    This  1^  the  ease  amongst  the  beea,  tenaitei^  and  kb/u.  In  «ldok  HifM 
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myority  of  the  mdiTidnals  are  found  to  be  neuters  or  workers.  In  the  pupa  of  these 
lAStt  the  generative  organs  may  be  distinguished,  but  they  afterwards  become  atro- 
phied. Now  it  appears  probable,  that  the  deTelopment  of  the  female  organs  is  de- 
pendent upon  nourishment ;  for  it  has  been  found,  that  the  larva)  which  are  to  become 
fertile  females,  or  queen  bees,  have  been  supplied  with  a  much  more  stimulating  kind 
of  food  than  that  upon  which  the  workers  have  been  fed. 

The  generative  organs  are  double  and  symmetrical  in  insects,  and  several  accessory 
<»rgana  are  found  connected  with  the  efferent  duct  Of  these,  the  most  remarkable  is 
a  receptacle  connected  with  the  vagina  of  the  female,  designed  to  receive  the  seminal 
fluid  of  the  male.  This  vesicle  is  termed  the  rtceptaculum  ttminia^  and  in  it  the  sperma- 
tic particles  of  the  male  may  be  kept  in  a  living  condition  for  a  very  long  period  of  time. 
The  ova  are  impregnated  as  they  pass  the  orifice  of  the  duct  of  the  receptaculum 
aeminis.  Besides  this  last,  there  is  another  organ  connected  with  the  lower  part  of 
the  female  genital  organs,  designed  to  receive  the  penis  of  the  male.  This  is  known 
as  the  itiTM  eopulah-ix,  which,  however,  is  not  universally  present.  Mucous  glands 
pour  their  secretion  into  the  vagina  near  its  external  orifice. 

The  arrangement  of  the  ouariet  differs  considerably  in  various  classes.  The  gland 
naaally  consists  of  omcal  tubes,  which  are  four  or  five  in  number,  and  open  into  the 
rammit  of  the  efferent  duct ;  while  in  some  the  tubes  open  separately  in  the  sides  of 
the  duct    The  number  of  secreting  tubes  is  very  variable  in  the  different  classes. 

The  UttieUt  consist  of  two  or  more  (and  often  there  are  very  many)  simple  ctecal 
tubes,  the  arrangement  of  which  varies  much,  and  which  opens  into  the  vas  deferens 
of  the  corresponding  side.     The  vasa  deferentia  are  often  very  long  and  much  con- 
▼oluted ;  in  some  instances  they  are  dilated  below,  so  as  to  form  a  sort  of  vesicula 
■eminalis. 

The  copulatory  organs  vary  much  in  their  disposition ;  usually  they  consist  of  hard, 
homy  valvular  appendages.  In  some  species,  suckers  are  developed  upon  the  legs ; 
•nd  other  arrangements  are  found  for  the  purpose  of  retaining  the  female  during  the 
act 

The  imperfect  or  larval  form  of  many  insects  when  they  leave  the  egg,  has  already 
been  alluded  to  under  the  heads  of  metamorphosis  and  metageneus,  or  alternation  of 
generations. 

Vkbtebbata. 

In  the  vertebrata,  with  the  highest  and  most  perfect  development  of  the  generative 
function,  we  shall  find  the  progressive  elevation  characterised  by  greater  complexity 
of  structure,  more  protracted  dependence  of  offspring  on  parent,  and  closer  relations 
of  the  two  sexes. 

/ViAet. — There  are  three  types  of  structure  in  the  generative  organs  of  fishes.  First, 
in  the  Cyclostomatous  Group  and  in  the  Eel,  the  ovary  consists  of  membranous  folds 
depending  from  the  spine,  between  the  layers  of  which  the  ova  are,  at  the  spawning 
season,  developed.  When  mature,  they  escape  by  the  rupture  of  the  membrane  into 
the  general  peritoneal  cavity,  in  which  they  may  be  found  in  large  numbers,  and  Arom 
vhidi  they  escape  by  a  small  opening  situated  near  the  anus.  The  male  organs  are 
to  the  unaided  eye  so  like  the  female,  that  it  is  only  in  the  spawning  season  that  they 
can  be  distinguished :  the  spermatozoa  escape  into  the  peritoneal  cavity  in  the  same 
manner  as  the  ova.  Secondly,  in  the  Osseous  Fishes,  the  ovary,  or  ro«,  consists  of  a 
large  membranous  sac,  inclosing  the  ovigerous  folds,  between  Uie  layers  of  which  the 
ova  are  developed,  just  as  in  those  we  have  described,  so  that  when  the  ova  escape 
they  are  discharged,  not  into  the  general  peritoneal  cavity,  but  into  this  ovarian  sao, 
•nd  thence  find  their  way  out  by  a  tubular  prolongation  of  it,  or  excretory  duct,  which 
opens  just  behind  the  anus.  The  testicle  is  strictly  analogous.  In  neither  of  these 
Classes  does  copulation  take  place ;  the  spawn  is  oast  abroad  into  the  water,  and  left 
to  be  feeundat^  by  the  sperm  discharged  over  it  by  the  male,  to  be  devoured,  or  to 
perish  in  an  unfecundated  state,  as  chance  may  direct  One  of  the  most  remarkable 
points  in  the  history  of  osseous  fishes  is  their  immense  fecundity :  it  is  calculated 
that  a  Cod  discharges  nine  millions  of  ova  in  a  single  spawning  season.  The  reason 
of  this  unparallel^  fertility  appears  to  be,  that  there  may  be  the  greater  chance  of 
some  escaping  and  surviring  the  many  perils  to  which  they  are  exposed.  Thirdly,  in 
the  Cartilaginous  Fishes,  as  the  Sharks  and  Rays,  we  have  a  much  higher  type  of  the 
generative  function.  Copulation  takes  place ;  the  male  is  fuminhed  with  an  intro- 
mittent  organ,  and  with  certain  accessory  parts,  called  "claspers,"  for  seising  and 
embraeing  the  female  during  the  act  of  impregnation.  In  the  female,  the  ovaries  sre 
ncemoM,  firom  the  increascKl  sise  and  diminished  number  of  the  eggs,  which,  instead 
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of  escaping  into  the  peritoneal  cavity,  are  leized  by  the  patuloas  orifices  of  tvo  I«bc 
oviducts,  'whereby  they  arc  conveyed  out  of  the  body,  and  by  which  they  are  furni»b«<i 
with  that  peculiar  homy  shell,  which  serves  at  once  to  protect  and  to  attach  then  u 
some  fixed  point 

Reptilia, — The  Amphibia  exhibit,  in  the  function  of  generation,  an  interesting  Eak 
between  the  piscine  and  the  true  reptilian  structure ;  there  is  no  intromittent  orew. 
and  yet  copulation  takes  place,  and  the  ova  are  fecundated  neither  after  extrasicA,  i§ 
in  the  osseous  fish,  nor  before  extrusion,  as  in  true  reptiles,  but  during  the  very  acs 
of  discharge,  in  eziVfl.  At  the  commencement  of  the  spawning  season,  a  rrmirktbie 
papillary  structure  is  developed  on  the  thumbs  of  the  male  f^ogs,  highly  sensitive,  tad 
giving  rise,  when  stimulated,  to  a  forcible  reflex  action,  by  which  the  upper  extrtsi- 
ties  are  approximated,  and  tightly  embrace  anything  placed  between  them  !p. 
298. )  By  means  of  this,  the  male  frog  firmly  embraces  the  female,  and  continovj  v- 
do  80  through  the  whole  time  of  the  expulsion  of  ova,  without  any  exp-enditnre  -.f 
voluntary  action,  and  impregnates  the  ova  as  they  pass  from  the  female  beneath  him 
The  vas  deferens  passes  through  the  structure  of  the  kidney,  and  opens  at  once  icte 
the  ureter,  the  two  being  thence  continued  as  one  duct — a  sort  of  prolonged  geiii.- 
urinary  cloaca.  In  the  Triton,  we  go  a  step  further,  and  find  the  ureter  a&i  Tts 
deferens  distinct  to  their  termination,  and  impregnation  taking  place  interailij, 
although  there  is  no  rudiment  of  a  penis.  The  Ophidiant  present  a  further  adTince, 
and  show  the  first  trace  of  a  penis;  it  consists  of  two  erectile  corpora  caveraof^, 
which,  however,  are  quite  separate,  and  constitute  rather  an  organ  of  prehension  this 
of  intromission.  In  the  Stiuriant  and  Cheloniana  another  step  is  gained,  and  the  tv^ 
corpora  cavernosa  are  united  in  the  middle  line ;  there  is  still,  however,  no  cipos 
spongiosum,  and  no  prolongation  of  the  urethra,  but  the  seminal  secretion  passes  isu 
the  female  along  the  groove  formed  by  the  union  of  the  two  cavernous  bodies. 

Aves. — The  generative  organs  of  birds  exhibit  a  close  analogy  to  those  of  the  higher 
reptiles,  the  penis  is  even  less  developed,  except  in  the  struthioas  birds  (ostrich!  as-i 
the  swimmers.  The  ovary  is  racemose  and  single,  the  right  with  its  oviduct  b«ing 
permanently  atrophied :  a  singular  riolation  of  symmetry  which  is  confined  to  birii 
In  this  class  of  vertebrata,  incubation,  that  singular  substitute  for  ntero-geitation, 
attains  its  highest  perfection;  it  appears  to  arise  from  the  concurrence  of  these  three 
exigencies :  the  necessary  size  and  early  maturity  of  the  young,  the  necesfitj  of 
warmth  to  their  development,  and  the  incompatibility  of  utero-ge station  with  flgbt. 

Mmnmalia. — It  is  from  the  possession  of  a  remarkable  accessory  organ  of  gener-iti--!: 
thnt  this  important  class  of  the  highest  organized  beings  takes  its  name.  AfUr  ill 
organic  connection  has  ceased,  the  young  are  still  dependent  on  the  parent  for  noarUh- 
ment,  and  are  supported  by  the  secretion  from  a  special  gland  with  which  the  female 
is  furnished  for  the  purpose — the  mammary  gland.  The  mammalia  are  dlriJe-i  id? 
the  monotremata,  the  marsvpialin,  and  the  placental  mammalia.  The  monotremata  are 
as  yet  imperfectly  known,  but  they  present  a  curious  connecting  link  between  the  rii- 
])arouR  and  mammalian  type ;  they  derive  their  name  from  possessing  but  one  apennr*, 
thnt  of  the  cloaca,  common  to  the  generative,  urinary,  and  digestive  canals,  and  ia 
this  rc-'poct  resemble  binls ;  they  are  represented  by  the  omithorynchus  and  echiif-i 
of  Austnilia.  In  the  male,  the  penis  is  perforated  by  a  urethral  canal,  through  tiii.h 
the  semen,  but  not  the  urine,  passes;  in  the  female,  the  ovaries  are  racemofr.  ih«r  rr* 
larjro,  and  containing  all  the  elements  of  an  e;rp,  and  there  are  two  uteri,  openirc  tj 
di»tinct  apertures  into  the  cloaca.  The  marsupiaiia  fcalloil  so  from  the  pv^^t•*-:■'n  •: 
a  marsiipiuni,  or  pouch,  in  which  the  young  is  lodged  and  suckled  after  it?  JiN-'K^rr* 
from  the  uterus)  are  ovo-riripfiroux,  that  is,  the  young  arc  brought  forth  Alive.  J-i 
they  never  have  any  placental  connection  with  the  parent.  Not  only  are  thert*  tt 
uteri,  but  two  vaginie,  which  terminate  by  two  separate  orifices  in  a  sort  of  .:*•!*■!■• 
urinary  cloaca.*  About  thirty-nine  days  after  concejitidn,  the  young  is  expe'le  i  irt*- 
tlie  marsupium,  where  it  becomes  attacheil  to  one  of  the  nipples  by  its  niuutb.  ar:i 
continues  thus  to  draw  nourishment  from  the  mother  for  a  period  of  eight  m'^-nth* :  tliis 
peculiar  method  of  f«otal  nourishment  neccs.sitates  a  very  advanced  and  dispr«ij"irT:' •■.- 
ate  doveUipment  of  the  or;r.'ins  of  assimilation,  which  is  the  most  remarkaMe  cb.ir.c- 
teristic  of  the  embryo  mar>upial.  The  phtrenful  mammalii^  in  the  general  ^trJ■.•!u"e 
of  their  generative  organs,  resemble   man.     The   testicle  con^istd    of  scmiuiftrvus 

*  In  the  mnle,  the  testiclee  are  contained  in  a  scrotum  placed  above,  and  not  bflow  :*-« 
penis,  in  a  situation  analogous  to  the  marsupium  in  the  female,  and  supported,  like  :i. :  • 
two  marsupial  bones;  the  vnsa  dcfurcntia  open  into  the  urethra,  which,  invested  hv  .'t*  c-i-'- 
pus  spongiosum,  pas!>eM  through  the  centre  of  the  penis,  and  which  now,  for  Ihe  (ir^l  I  irr. 
we  find  forming  a  complete  canal,  leading  from  the  bladder  to  the  extremity  oi'thc  iiiuoic.t- 
tenl  organ. 
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tabnles  arranged  in  tmndles,  and  inclosed  in  a  fibrous  capsule.  The  penis  is  composed 
of  two  corpora  caTemosa  arisiog  fh)m  the  ischia,  a  corpus  spongiosum  uretlir»,  and 
glans ;  and  there  are  certain  accessory  glandular  structurea,  Tesicube  seminales,  pros- 
tate, and  Cowper's  glands,  opening  into  the  urethra  in  its  course.  Into  the  different 
nnmbers,  modification,  and  structure  of  these  organs  it  is  not  worth  while  to  enter. 
In  the  rabbit,  the  ovary  exhibits  some  trace  of  the  racemose  structure,  and,  by  the 
different  modifications  of  the  uterus,  dependent  on  the  proportionate  size  of  its  body 
And  oornua,  we  are  conducted  from  the  marsupialia,  in  which  the  two  uteri  are  entirely 
distinct,  to  the  human  female,  in  which  the  single  uterus  exists  in  its  greatest  degree 
ci  eoncentration. 

In  writing  the  present  chapter,  the  authors  have  receired  much  assistance  flrom  the 
following  works :  Mailer's  *<  ElemenCs  of  Physiology,"  by  Baly ;  Professor  Owen*8 
Lectures  ** On  Comparative  Anatomy,"  and  his  treatise  ** On  Parthenogenesis;"  Dr. 
Carpenter*s  *< Principles  of  General  and  Comparative  Physiology;"  Victor  Cams' 
••  System  der  Thierischen  Morphologie ;"  Art  Ofum,  in  the  **  Cyclopndia  of  Anatomy 
and  Physiology,"  by  Dr.  Alien  Thompson ;  **  On  the  Alternation  of  Generations,"  by 
Professor  Steenstrup,  translated  by  the  Bay  Society. 
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MALE  ORGANS  OF  GENERATION. — ^TESTICLES. — YASA  DEFERENTIA. — 
VESICULfi  SEMINALES. — PROSTATE  GLAND. — COWPER'S  GLANDS. — 
PENIS. — URETHRA. — GLANDS  OP  LITTRE. — GLANDULiB  TYSONI. — 
VBSICULA  PROSTATICA. — SEMINAL  TUBULES. — SPERMATOZOA. — DE- 
VELOPMENT OF  SPERMATOZOA. — MOVEMENTS  OF  SPERMATOZOA. 

Male  Organs  of  Generation. — The  essential  organ  of  generation, 
or  the  secreting  portioji  of  the  sexual  apparatus,  in  the  male,  is  the 
testicle.  The  efferent  duct  is  the  vas  deferens,  which  opens  into  the 
membranous  portion  of  the  urethra,  and  connected  with  it  are  the 
▼esicuIsB  seminales  and  Cowper's  glands.  The  urethra  is  continued 
forwards  along  the  lower  part  of  the  penis,  or  intromittent  organ. 

TeaticleM.—j&^ch  testicle  is  rather  less  than  two  inches  in  length. 
and  is  nearly  one  inch  broad. — Its  weight  is  about  six  drachms. 
The  testicle  is  covered  by  a  firm,  fibrous,  inelastic  tunic,  or  proper 
covering,  the  tunica  aJhuginea  or  tunica  propria^  consisting  almost 
entirely  of  white  fibrous  tissue,  in  the  substance  of  which  vessels 
ramify.  It  is  with  difiSculty  divided  into  two  layers,  the  inner  of 
which  is  the  most  vascular.  Adhering  closely  to  the  tunica  albu- 
ginea,  is  the  visceral  layer  of  the  serous  membrane,  or  tunica  vagi- 
naliij  the  sac  of  which  was  originally  formed  by  the  descent  of  the 
testicle  from  the  abdomen,  when  it  carries  before  it  a  process  of 
peritoneum.  In  early  life,  the  cavities  of  the  tunica  vaginalis  and 
peritoneum  are  continuous  with  each  other ;  and,  occasionally,  the 
opening  remains  unclosed  in  the  adult.  The  parietal  layer  of  the 
tunica  vaginalis  is  loose,  and  united  by  lax  areolar  tissue  to  the  other 
structures  which  form  the  scrotum.  This  layer  of  the  serous  mem- 
brane admits  of  considerable  distension ;  and,  in  disease,  a  very  large 
anantity  of  serous  fluid  will  sometimes  accumulate  in  the  sac,  and 
distend  it  to  a  great  extent  {hydrocele). 
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Structure  t)f  the  Gland. — The  secrcUng  portion  of  ibe  orgui  o«»- 
flists  of  n  vuct  number  of  a  minute  and  higbly  tortooas  tobct,  utiid 
are  arraiigi^d  in  conical  lobes,  or  parcels,  each  consisting  uf  Udht 
more  lubcH,  which  arc  covered  with  a  layer  of  condensed  (in:ui»r  \»- 
sue,  continuous  with  the  corpus  Highmori.  These  dinaiuM  tn, 
however,  not  complcto ;  for  the  tubes  of  one  parcel  commantcatc  K&, 
those  of  the  adjoining  ones.  The  highly  conroluted  seminkt  Ola 
commence  in  bliad  extremities  or  in  loops;  and,  aft«r  divtdJBg6^j 

Fig.  2.i(I. . 


qnently,  and  farming  anastomoses,  they  become  less  tortiUNB  at  d 
approach  the  mediastinum  testis,  where  two  or  more  unit«  t( 
a  short  straight  duct,  the  va»  rectum  ;  tbu 
recta  again  unite,  80  as  to  form  a  sort  of  M^ 
work,  the  Tete  teilit,  which  occupies  the  ■m*ii» 
timtm  tettii  or  corpus  Highmori.  From  the  rtM 
testis  pass  the  va»a  effereniia,  which  are  usukllt 
about  twelve  or  sixteen  in  number,  and  are  oud 
convoluted  ;  &nd,  by  being  packed  together,  fora 
part  of  the  epididymis.  They  open  into  a  siugU 
and  highly  tortuous  duct,  the  vat  deferent,  itbicii 
is  usually  about  sixteen  inches  \a  length,  ui 
forms  a  very  hard,  round  efferent  daot,  nadil; 
distinguished,  by  the  feel,  from  the  other  itnifr 
tures  which  compose  tlte  spermatic  cord.  Tbe 
vas  deferens  is  lined  with  a  single  layer  of  tessel- 
ated  epitbeliom,  and  there  ia  a  layer  of  veiy  In 
areolar  tissae  beneath  the  moooua  meiamH 
which  would  permit  of  great  inrrcmo  in  tb 
diameter  of  the  canal  when  it  wag  distended  vitk 
secretion,  &,  fig.  257.  It  paasea  behind  tkl 
,h\  i„ .  .hi„  i„,rfh.^i  I  bladder,  and  terminates  in  one  of  the  ^'aevktmj 
|Y«r  of  uBMriBod  ma«i*  canult,  A  YeTj  SDort  csnal,  vbioh  u  fonned  sj 
Momim/'ibr^"'J"^.  the  union  of  the  vas  deferens  with  tiie  eom- 
t^Sii*'ati!lflC'i"naudfd  spending  veticula  aeminalU,  which  is  ntoatid  > 
HJiir  ISi".^ /."?™°.  ''"'*  external  to  it,  upon  the  posterior  •  '  "* 
inwisf  bf  Dr.  Btais.         the  bladder. 


dnwlnt-    ■>.  LlgluR] 

bnu  of  Ihctsbt  conns 
by  k  tktak  lnjv  or 
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•x  Seminalet. — The  veaiculee  Beninales  ar«  two  saccalsted 
I,  about  two  inches  in  length  and  aboat  three-qaarters  of 
breadth,  situated  upon  the  posterior  aspect  of  the  bladder, 
een  it  and  tbe  rectum.  They  converge  towards  the  point 
hej  open,  and  almost  meet.  The  narrow  terminal  portion 
for  a  short  distance,  previous  to  its  opening  in  tbe  nretbra, 
1  by  tbe  prostate.  Each  vestcula  taaj  be  unravelled,  so  as 
jsecal  tube,  with  several  diverticula  projecting  from  it.  It 
cb  convoluted,  and  tbe  convolutions  are  connected  together 
ir  tissue,  to  which  arrangement  the  sacculated  appearance 

icture  of  the  vesiculfB  aeminales  is  ^K-  ^^ 

ar  to  that  of  the  vasa  deferentia, 

walls  are  much  thinner.     There  is 

;oat,  composed  of  areolar  tissue,  in 

erous  muscular  fibre-cells  are  found. 

ined  with  a  thin  layer  of  tesselated 

iculas  are  usually  found  to  contain  a 

cus-like  substance,  which  may  be 

la  their  secretion;   and  which,  no 

}f  a  nature  favourable  to  maiatun 
activity   of  the   spermatoioa,  and 

•  to  dilute  the  semen.    These  organs 

arly  looked  upon  as  the  receptacles 

imen;    but  a  comparison  of   their 

nt,  and  an  examinatioo  of  their 

n  the  lower  vertebrata,  by  no  means 

sis  view,  as  onr  friend,  Mr.  Pittard, 

led.     In  the  elephant,  the  Tesicolse 

open  into  the  vasa  deferentia,  as  la 

seminal  reservoirs  are  also  found  in 

d.    In  man,  however,  spermatosoa 

generally  found  in  them ;  and  it  is  t 

hat  they  serve  partly  as  receptacles  ue^'k^ 

aen,  but  at  tbe  same  time,  there  can 

)t  that  they  furnish  a  proper  secretion  of  their  own  for  its 

nd  for  the  preservation  of  its  integrity. 

e  Qland. — The  prostate  may  be  described  aa  consisting 
of  two  distinct  structures ;  first,  of  a  glandular  portion, 
of  conical  or  ronndish  vesicles  lined  with  cylindrical 
and  containing  brown  granules ;  and,  secondly,  of  several 

Gbrous  tissue,  with  which  many  fibres  of  nnstriped  moscle 

rhere  incorporated  ;  indeed,  the  proportion  of  the  muscular 

ts  elements  to  the  glandular  strncture,  is  so  great  that 

alcnlates  that  the  latter  does  not  constitute  more  than  one- 
of  the  whole  mass  of  the  gland.     The  muscnlar  fibres 

be  prostate,  were  originally  described  by  Mr.  Hancock. 

ireting   follicles  open  into   ducts,  which  are  lined   with 


882  MALE  ORGANS  OF  GENXBATION. 

cylindrical  epitheliam,  presenting  similar  characters  to  that  foimd  io 
the  prostatic  portion  of  the  urethra. 

The  ducts,  which  are  very  numerous,  open  into  the  urethra,  upon 
each  side  of  the  caput  gallinaginis. 

Little  is  known  with  reference  to  the  nature  of  the  secretion  of 
the  prostate,  or  of  the  function  which  it  performs.  The  secretios 
is  stated  to  be  very  similar  in  character  to  that  of  the  yesicalc 
seminales. 

Small  concretions,  or  prostatic  calculi,  are  very  frequently  met 
with  in  the  follicles  of  the  gland,  or  are  voided  during  life.  They 
usually  consist  of  phosphate  of  lime,  with  animal  matter,  and  a 
trace  of  carbonate  of  lime  ;  and  are  often  remarkable  for  their  per- 
fectly spherical  form  and  smooth  glistening  surface.  They  commeoce 
by  the  deposition  of  calcareous  matter  in  the  walls  of  large  on! 
cells,  which  are,  probably,  altered  epithelial  cells  of  the  gland  itself. 
Dr.  Handfield  Jones  has  carefully  investigated  the  formation  of 
prostatic  concretions.'*' 

Cowper*8  Glands, — These  small  glands  are  two  in  number,  ud 
are  situated  anterior  to  the  prostate,  between  the  layers  of  tke 
triangular  ligament.  Their  somewhat  long  excretory  ducts  opea 
into  the  bulbous  portion  of  the  urethra.  They  are  composed  of 
vesicles,  lined  with  tesselated  epithelium,  which  pour  their  secretioB 
into  ducts  lined  with  columnar  epithelial  cells.  As  in  the  cue  of 
the  prostate,  the  secreting  portion  of  these  little  glands  is  imbedded 
in  a  fibrous  stroma,  which  contains  very  numerous  unstriped  mosei- 
lar  fibre-cells.  The  secretion  of  these  glands  appears  to  be  analogoss 
to  ordinary  mucus. 

Penis, — The  penis  of  man  is  a  highly  vascular  organ,  traversed 
on  its  inferior  surface  by  the  urethra ;  it  is  composed  principally  of 
erectile  tissue,  which  is  capable  of  being  distended  with  blood. 
This  erectile  tissue  is  arranged  in  three  distinct  divisions  termed 
the  corpora  cavernosa  and  corpus  spongiosum.  The  corpora  cavernosi 
penis  are  two  in  number,  and  are  separated  from  each  other,  poste- 
riorly, by  a  septum,  composed  of  fibrous  tissue ;  while  anteriorly, 
they  are  connected  together,  and  might  be  considered  as  one  organ. 
In  the  middle  line  above,  is  situated  the  dorsal  vein,  and  other 
vessels  and  nerves ;  while  the  corpus  spongiosum  urethrae  is  received 
into  a  groove  beneath.  In  the  posterior  part  of  the  organ,  the 
corpora  cavernosa  are  separated  from  each  other  by  a  considerable 
interval,  and  each  is  inserted  into  the  rami  of  the  ischium  and  pubis; 
these  two  diverging  extremities  of  the  corpora  spongiosa  are  termed 
the  crura  of  the  penis. 

The  corpora  cavernosa  are  invested  with  a  layer  of  firm  fibrous 
tissue,  which  contains  numerous  fibres  of  the  yellow  elastic  element. 

The  corpus  spongiosum  urethras  surrounds  the  urethra,  and  com- 
mences behind,  in  a  dilated  portion  situated  between  the  crura  penis; 
and  it  terminates  anteriorly  in  the  expanded  glayis  penisy  the  rounJeJ 

*  Medical  Gazette,  Aug.  lIOlli,  1S47. 


margin  of  irhich  is  termed  corona  glandu,  and  the  oonstricted  part 
beneath,  the  cervix  or  neck. 

These  bodies  consist  of  a  vast  number  of  Bmall  renoua  sinnses, 
which  commnnicate  with  each  other  npon  all  sides,  and  contain  venous 
blood.  The  vails  of  the  sinnses  or  trabecula  are  lined  with  a  layer 
of  tesselated  epithelium,  external  to  which  is  found  the  proper  Sbroua 
tissue,  or  trabecular  iittut.  This  ia  composed  of  white  and  yellow 
fibrous  tissue,  and  fibres  of  organic  muscle.  The  arteries  and  nerves 
for  the  Buppty  of  the  organ  are  supported  and  surrounded  by  this 
tcztore. 

The  arteriea  of  the  penia  are  branches  of  the  pndic ;  and  in  thetr 
arrangement,  present   certain  peculiari- 
tiet,  which  are  well  worthy  of  notice.  Kg  259. 

The  smaller  divisions,  after  pursuing  a 
tortuous  course  in  the  trabecular  tissne, 
at  length  open  into  the  venous  sinuses, 
witboat  entering  into  the  formation  of 
any  capillary  plexus.  In  the  posterior 
part  of  the  penis,  J.  MUUer  discovered 
several  minute  arteries,  which  were  much 
CODToluted,  and  assumed  the  twisted 
appearance  of  tendrils ;  whence  they 
were  termed  the  helicine  arteriea.  Eolli- 
ker  has  shown  that  these  arteries  ter-  noiJ!3V'ii(irifiu'e^*kS^h"!^ 
mioate  in  minnte  vessels,  and  not  in  "hioii  pi™*  iniidM  »«»«»,  wr- 
blind  extremities,  as  was  originally  sup-  mne<-nSiiai^}Bt^inb^\tiamar, 
poaed ;  the  minute  terminal  vessels  nlti-  ^;Jii*«.'''"  "'  ""  '"•""■  *"" 
mately  open  into  the  venous  spaces.    The 

arrangement  of  the  arteries  in  the  corpus  spongiosam  urethroe,  is 
Binilar  to  that  just  described. 

Urethra. — The  male  urethra  is  the  canal  which  extends  from  the 
n«ok  of  the  bladder  to  the  end  of  the  penis.  It  is  about  eight  inches 
and  a  half  in  length,  but  varies  slightly  in  different  cases.  The 
tube  itself  is  lined  with  mucous  membrane,  and  its  diameter  is  not  by 
any  means  the  same  in  its  whole  extent.  Its  direction  is  that  of  a 
double  curve,  like  the  letter/.  The  walls  of  the  urethra  are  strong, 
•nd  composed  principally  of  fibroos  tissue,  with  a  layer  of  unstriped 
muscular  fibre,  the  arrangement  of  which  has  been  well  described  by 
Mr.  Hancock. 

The  urethra  is  divided,  by  descriptive  anatomists,  into  three  por- 
tions ;  the  prostatic,  being  about  twelve  lines  long ;  the  membranous, 
about  three-quarters  of  an  inch  in  length  in  its  upper  part,  but  only 
half  an  inch  in  its  lower  portion ;  and  the  remainder,  by  far  the  most 
extensive  portion  of  the  canal,  called  the  apongy  portion,  which 
reaches  to  the  orifice. 

The  proatatic  portion  of  the  urethra  is  its  widest  part,  and  lies 
imbedded  in  the  upper  part  of  the  prostate,  above  its  middle  lobe. 

At  the  neck  of  the  bladder,  the  mucous  membrane  forms  a  fold, 
called  the  uvula  veatcae.  Anterior  to  this  is  a  narrow  ridge,  rising 
from  the  floor  of  the  tube,  about  nine  lines  in  length,  and  about  one 
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bad  a  half  lines  iq  height  ia  ite  highest  part,  called  the  ivniMoid^l 
num,  cajiut,  galUnaiiini*,  or  ore»t  of  the  urt^hra.*  Od  euh  lUt^fl 
tbia,  tbe  mucous  meiubrano  forioa  &  depresBion,  the  proaMtio  vin^l 
into  which  the  ducts  of  tbe  prostate  gland  open.  ^U 

At  the  highest  part  of  tbe  veruvtotitanum  is  a  little  sinus,  Ui«M|fl 
cula  jyroatatiea.     It  is  here  that  the  ejaculatorjr  ducta  opim.  4I 

The  membranous  portion  is  that  narrowest  part  of  th«  netiMfl 
which  lies  beneath  tbe  pubie  and  possos  tlirough  the  lajen  of  ^^M 
triangular  ligament.  It  is  surrounded  with  muacalor  6bra8,  andlH 
compressor  urethra  muscle  is  situated  upon  tbis  part  of  the  Inl^B 
beneati)  it  are  Cowpcr's  glands.  This  part  of  tiie  nrethra  cooifflts^H 
at  the  anterior  extremity  of  tbe  prostate,  and  terminates  to  tlw  k^H 
ons  portion.  Its  upper  surface  is  rather  longer  than  the  lomrnfl 
and  it  curves  upwards.  f^ 

In  the  evacuation  of  the  bladder,  it  is  most  likely  that  tlui  c*» 
pressor  urotbrs  muscle,  nhioh  contains  striped  fibre,  and  gvar^tbi 
membranous  portion  of  the  urethra,  becomes  relaxed ;  then  I" — 
tbe  relaxation  of  the  sphincter  veaiae,  and  the  coatrsolj' 
fibres  of  tbe  bladder  (detrusor  urinai),  which  cattscs  \' 
escape  from  the  urethra  with  considerable  force. 

The  apongy  portion  of  the  urethm  is  about  six  inches  infl 
is  60  called,  because  it  is  surrounded  by   tbe   corpus  m 
nrethra;.     That  part  of  the  canal  in  the  bulb  la  somewhat  d 
the  diameter  of  the  greater  part  of  this  portion  of  tbe  canal  ill, 
form.     Cowper's  glands  open  near  the  anterior  extremity  of  ihefl 
ows  porlion.     When   it  reaches  the   (flanii,   however,   it  sndtif 
another  dilatation,  thefosea  navieularis.     At  its  orifice,  then 
ia  contracted. 

Mueotia  Mtmbrane. — The  short  papilho  oovariDg  the  pfant  toMi 
mnch  elongated  at  the  orifice  of  the  ontbrft,  and  bUlr  Mih> 

EpilUe  are  found  in  the  anterior  half  of  the  foMa  itanMMi  (te 
orgagoii).  They  then  oeese  abruptly,  hot  raoommMM  ■  iti 
posterior  part  of  the  glana,  and  are  oontbned  h  £ar  aa  tha  Wk« 
portion. 

About  one-third  of  an  inch  from  the  meatna,  on  the  dorsal  Mped 
of  the  fossa  navicularia,  ia  situated  the  lacuna  moffna.  In  otk« 
parts  of  the  mucous  membrane  of  the  urethra,  except  in  the  pioitirii 
portion,  are  numerous  small  laounse. 

Olanda  of  Littre. — The  majority  of  these  are  aimpla  inTolutiNl 
of  the  mucous  membrane,  or  lacnnse;  bat  some  may  be  deecribedtt 
small  branched  glands  or  follicles,  which  are  nomeroos  in  the  eavot- 
ous  portion  of  the  urethra.  These  become  more  simple  in  tiie  ;«•■ 
tatic  portion,  and  take  the  form  of  simple  follicles. 

The  epithelium  lining  the  urethra  and  tbe  small  glaoda  jolt  n- 
ferred  to,  is  for  tbe  most  part  of  the  columnar  form. 

Glandula  Tytoniana. — These  little  glands  are  aitnatcd  ia  iW 
fold  of  sltia  round  the  glans  penis.     They  are  modified  1 
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f'iKndB,  and  the  fotliclefl  of  which  they  are  composed  contain  epithe- 
ram  and  fatty  matter,  resemblinj;  that  which  is  met  with  in  the 
ordinary  sebaceous  foUicIea  of  the  skin.  In  this  locality  these  elands 
open  apon  the  soft  skin  of  the  prepuce,  and  are  not  associated  with 
bair  follicles,  as  is  csnal  in  other  situations  in  which  they  are  found. 
The  peculiar  eecretion  known  as  the  Bmegma  preputii,  is  not  due  to 
these  glands  alone ;  bnt  is  rather  to  be  regarded  as  an  aconmuUtion 
of  the  moist  epithelium  of  the  glans,  which  is,  of  course,  mixed  with 
the  odoriferous  sebaceous  material.  In  the  besTer,  the  epithelial 
Mcreticn  is  so  abundant,  as  to  accumulate  in  large  preputial  pouches, 
the  true  nature  of  which  was  demonstrated  by  £.  II.  Weber.  The 
■eeretion  constitutes  the  sobstance  known  as  castor. 

Vesicula  Prottatiea. — Between  the  openings  of  the  ejaeulattrry 
duett  in  the  middle  line  of  the  urethra,  and  in  the  substance  of  the 
eaput  galUnagini*,  is  a  samll  cavity,  lined  with  columnar  epithelium, 
the  prottatic  vaicle,  or  utenu  maieulinut,  as  it  has  been  termed  by 
Weber,  from  its  supposed  homology  with  the  female  organ.  It  haa 
since  been  described  under  the  name  of  Weberian  organ,  from  its 
discoverer. 

Seminal  Tubitlei. — The  highly  tortnous  seminal  tubes,  of  which 
the  true  secreting  portion  of  the  testicle  is  composed,  consist  of  a 
fibrous  coat,  internal  to  which  we  find  a  basement  membrane  sur- 
mounted by  epithelium. 
the  nature  of  the  con* 
tents  of  the  tube,  will 
be  found  to  exhibit  dif- 


Now  the  characters  of  this  epithelium,  and 
Fig   2G0 


ferent  appearances,  ac 
cording  to  the  age  of 
the  individual ,  and  in 
the  lower  animals,  ac 
cording  to  the  period 
of  the  year  Sperma- 
tozoa, which  are  the 
fertilising  agents,  are 
not  fonnd  before  pu- 
berty in  man,  and 
among  animals  are 
only  developed  at  cer- 
tain periods.  These 
bodies  appear  to  be 
formed  by  certain  al- 
terations taking  place  '  ' 
in  the  character  of  the 

eplthelinm     lining    the     niaed  Sjn.ltmni«b-ni.    a.  Wm  or  the  tube.    ft.  Hnciri  ur  Ibruna 
tOOeS,  lOr  mis  laWer  is     „„„,  ^  ^^z  uU.    d.  mi.  (eiuo.«l  fnrniln  labola. 

most     distinct    when 

spermatozoa  are  sot  being  formed  ;  bnt  when  the  function  of  the 
gland  is  very  actively  perKtrmed,  the  tubes  are  seen  to  be  entirely 
occupied  by  cells,  in  which  the  spermatozoa  are  ultimately  developed. 
When  semen  ia  about  to  be  formed,  the  following  changes  may  be 
observed  to  take  place  in  the  epithelium. 
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The  cells  become  detached  from  the  basement  membratie,  increw 
in  size,  and  assome  a  more  spherical  form,  the  contents  at  this  tiM 
being  entirely  granular  ;  at  length,  hovever,  seTeral  clearer  pnM 
or  nuclei  arc  seen  in  the  interior  of  the  cell,  which  is  now  pa«ig 
down  the  tubule  towards  the  Tas  deferens,  while  it  is  snceeeded  b^ 
bind  by  the  formation  of  new  cells.  The  naclei  in  the  ioteriof 
enlarge,  and  are  often  seen  to  contaJn  nacleoli.  The  parent  cell, 
having  mnch  increased  in  siie  from  the  development  of  its  nnda 
into  cells,  appears  to  undergo  no  further  change ;  bat  in  each  of  the 
contained  cells,  which  vary  much  in  number,  one  sperroatoioon  ii 
developed  on  the  inner  wall,  in  the  form  of  a  spiral  filament,  u  «u 
first  described  by  Kolliker.  The  spermatozoon  escapes  into  the  is- 
tcrior  of  the  mother  cell  by  the  rupture  of  its  development  cell 
Others  are  in  like  manner  set  free ;  and  they  arrange  themaelTes  in 
a  parcel,  which  may  ultimately  consist  of  a  vast  namber  of  lepinti 
spermatozoa,  with  all  the  heads  arranged  in  one  direction  and  the 
tails  in  the  opposite  one. 

The  cause  of  this  arrangement  is  probably  somewhat  similkr  to 
that  which  determines  the  blood  discs  to  run  together,  and  aanme 
the  form  of  a  small  pile  of  coins.  There  appears  to  be  a  soitof 
attraction  existing  between  the  different  spermatic  filaments  for  neb 
other.  The  contained  spermatozoa  are  at  last  set  free  by  the  np- 
ture  of  the  parent  cell,  and  then  separate.  These  changes  are  unllf 
not  completed  until  the  cells  arrive  at  the  epididymis ;  so  that  intlit 
seminal  tubules  cells  alone  are  found,  while  in  the  ras  defereni  n 
only  meet  with  perfectly  developed  spermatozoa. 

Spermatozoa. — The  apermatic  filament  or  spermatozoon  of  mtali 
a  perfectly  clear  hyaloid  filamentous  body,  in  which  a  dilated  por- 
tion, termed  the  body  or  head,  may  be  observed,  from  which  is  pr> 
longcd  a  long  tail  or  filament,  which  gradually  tapera  to  anextremitT 
which  is  hardly  visible  from  its  extreme  tenuity.  The  head  or  larger 
extremity  is  flattened  from  side  to  side  and  of  a  conical  form,  the 
pointed  extremity  being  anterior.  The  length  of  the  Bperma[Dia[>D 
ia  ubout  Bi'idtb  of  .in  inch,  nnd  the  width  of  the  body  in  one  diroctiin 
iibnut  the  sft',|ijtli,  nnd  not  more  than  the  ,n,'|j(gth  of  an  inch  in  ibe 
opposite.     The  tail  varies  somewhat  in  length  in  different  specimctii- 

The.  clinracter?  of  the  ppcrmntoznn  rary  macii  id  di(Fo^ 
Fig.  2C1.  cnt  nriiuiilB  ;  tlius,  in  llip  ml  nnd  diousp,  tho  Los  J  tir  I*.  Ir 

is  imsjninielrical  iinil  curvtJ.  In  tlie  i<i{uirrel,  iht  u-ir- 
rior  dtrpuiity  of  tlic  licnrl  ia  round c<,l,  mid  wider  ibsu  ui; 
nihfr  porlinii.  In  birls.  tlic  Iienil  is  iiitutillj' atcr[iu)>.'. 
In  r»ptilc»  Nnd  fislips,  tiie  cliivrnctera  of  tiie  «p«nn:itiii<4 
vary  iniich  in  clifferent  cmmplea.  Among  the  inyrrtt- 
linitn,  those  of  the  crUrtHCra  urc  very  remurkal'Ie  in  I'l-ii- 
Fur  u  di'tnitiHl  ovcnunt  of  tlic  oliaractpra  (>r  tlic  Tj»mt- 
tnioa  ill  different  clnKses  of  animnt.i,  we  muM  refer  ibe 
n-iider  to  the  exceltont  nrticle,  Semen,  in  (he  Cyrlij^' 
0/  Aaalomy  and  rhysid-g;/,  liy  Wagner  »nU  Leu'ckirt. 

Development  of  the  Spermatozoa. — The  <!*• 
i-'^oi.vLuijim"    velopnicnt  of  the  spermatozoa  has  been  care- 
fully investigated   by  Wagner,  SieboM,  snJ 
The  dilTercnt  stages  are  traced  more  readily  in  many  of 


M0VEMBNT8  OF  THE  8PBRMATI0  FILAMENTS.  837 

the  lower  animals  than  in  man.     In  the  rabbit,  Eolliker  has  been 

able  to  observe  the  single  spermatic  filament  within  the  cell  attached 

to  the  wall  and  making  two  or  three  tarns  in  a  spiral  form.    It  may 

now  be  looked  upon  as  almost  certain,  that  each  spermatozoon  is 

developed  not  from  any  change  of  the  cell,  bat 

from  the  contents  within  the  cell  itself.    These 

eells  are  themselves  developed  in  the  interior 

of  a  larger  or  mother  cell,  into  the  interior  of 

which  the  spermatozoa  escape  by  the  rupture 

of  their  developing  cells,  and  are  at  last  set 

free  by  the  destruction   of  the  wall   of  the 

I  parent  cell  itself.  Professor  Kolliker,  in  his 
atest  investigations,  has  arrived  at  the  conclu- 
sion that  the  spermatozoa  are  not  developed 
in  the  nuclei  of  the  cells,  but  from  them. 
The  nucleus  becomes  of  an  oval  form,  and  one      ^    i        .  r  .u 

,  -  _  1       /•!  Dftvelopment  of  the  M>enna- 

extremity  is  elongated  to  form  the  nlamentary   He  niaincutM  or  the  rabbit,  n 

-_•!      _t  •!       -M.  •       •       i__A  J.' A.    A.         xi.        Parent  cell,  with  Are  narloi. 

tail,    while    Its    principal     part    constitutes    the     t.  Each  nucleaH  of  thp  parent 

body  of    the  filament.     In   this   case,   they  Sff„.r.'**tVuci:S:""w"i^'£ 
arranee  themselves  parallel  to  each  other,  the   •p*™*"^  niament.  d.  a  pa- 

-  -  O-     .  .  J,  ,  ,      «  •!      •         '*'°'  ^^^f  '^^^^  •  number  of 

beads  being  in  one  direction,  and  the  tails  m   apermatic  Aumenta  aet  i^ie 

aU^  ^-..-.^-:a  ^*^™  th«   nuclei   or  cella   of 

tne  opposite.  deTelopment. 

Movements  of  the  Spermatic  Filamente, — 
IVhen  the  spermatozoa  have  escaped,  their  active  movements  com- 
mence ;  and  by  the  continual  vibrations  of  the  filamentous  tail,  they 
are  propelled  forwards,  according  to  Henle,  at  the  rate  of  one  inch 
in  seven  minutes  and  a  half.  The  tail  alone  possesses  the  power  of 
movement,  and  the  force  of  the  motion  is  sufficient  to  move  objects 
many  times  the  weight  of  the  spermatozoon. 

The  movements  are  stopped  by  all  those  solutions  which  act  chemi- 
cally upon  the  spermatic  particle.  In  water,  the  activity  of  the 
movements  is  at  first  increased,  but  it  soon  stops  altogether,  proba- 
bly in  consequence  of  endosmosis.  Urine  very  soon  puts  a  stop  to 
the  movements.  The  electric  spark  instantly  stops  the  motions; 
bot,  according  to  Prevost,  galvanism  exerts  no  action  upon  them. 

After  spermatozoa  have  become  quite  motionless,  and  appear  to 
be  dead,  movements  may  be  excited  by  the  addition  of  concentrated 
solutions  of  different  substances,  such  as  sugar,  albumen,  urea,  and 
▼arious  salts.  Caustic  alkalies  in  various  degrees  of  concentration, 
from  ^g  to  /q,  are  special  excitants  of  the  movements.  Moreover, 
Kolliker  states  that  semen  dried  in  indifferent  substances  and  in 
saline  solutions,  in  certain  cases,  may  have  its  motion  restored  by 
dilution  with  the  same  fluid  or  with  water.  The  motions  cease  in  a 
high  or  low  temperature. 

In  the  interior  of  the  female  organs  of  generation,  the  movements 
continue  for  a  longer  period  than  in  any  other  situation.  In  the 
receptacula  seminis  of  insects,  spermatozoa  have  been  known  to  retain 
their  power  of  movement  for  many  months  after  they  had  been  dis- 
charged by  the  male,  and  in  the  higher  mammalia,  the  movement 
54 
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continaes  in  the  macus  lining  the  generatiTe  organs  of  the  femak 
for  many  days  after  copulation. 

It  must  be  borne  in  mind  that  the  semen  does  not  conust  onlj  of 
the  secretion  of  the  testicle,  but  that  it  also  contains  the  secRUoM 
of  the  prostate,  Yesicnlse  seminales,  and  Cowper's  glands.  Wbis 
purposes  these  different  secretions  serve,  it  is  diffioalt  to  say,  bat  ii 
is  probable  that  they  merely  effect  the  dilution  of  the  fluid  in  whick 
the  spermatozoa  move,  and  thus  render  it  a  more  favonrable  nwdiiB 
for  their  diffusion. 

The  movements  of  the  spermatozoa  have  been  regarded  by  some 
as  due  simply  to  the  existence  of  endosmotic  currents,  while  other 
authorities  have  attributed  them  rather  to  the  inherent  contrtctiie 
property  of  the  tissue  of  which  they  are  composed. 

The  action  of  certain  saline  solutions  upon  these  movements,  does 
not  seem,  to  us,  to  place  this  question  in  a  much  clearer  point  of 
view :  since  the  mere  physical  alteration  occnrring  in  their  coDtenu 
would  alone  be  sufficient  to  excite  the  contraction  of  the  tissue  of  the 
spermatozoon. 

That  the  spermatozoon  is  really  the  essential  part  of  the  semen, 
and  is  that  in  which  all  the  mysterious  fecundating  power  resides, 
may  be  now  looked  upon  as  proved  beyond  a  doubt.  The  later 
beautiful  observations  upon  the-  ova  of  the  frog,  of  our  lamented 
friend,  Mr.  Newport,  have  shown  that  impregnation  does  not  take 
place  unless  the  spermatozoon  actually  passes  through  the  viteUine 
membrane  and  comes  into  immediate  contact  with  the  yolk  sab* 
stance. 

The  chemical  analysis  of  the  semen  has  not  led  to  any  very  im- 
portant results.  The  investigations  of  Frerichs  are  some  of  the 
latest  that  have  been  undertaken  upon  this  subject.  The  most  im- 
portant fact  which  he  has  established  is,  that  the  spermatozoa  con- 
sists of  binoxide  of  protein,  the  substance  of  which  epithelial  cells 
are  chiefly  composed.  The  other  constituents  of  semen  are  phosphate 
of  lime,  fatty  matter,  a  certain  quantity  of  extractive  matter  with 
alkaline  sulphates  and  phosphates,  and  a  small  quantity  of  phos- 
phorus in  an  unoxidized  state.  Tho  imperfectly  developed  semen 
contains  albumen,  but  this  substance  cannot  be  detected  in  the  fulij 
formed  secretion. 

From  the  various  phenomena  which  we  have  been  considerin;:, 
and  from  many  other  facts  which  might  have  been  brought  forward, 
we  are  led  to  conclude  that  the  spermatozoon  is  to  be  regardei  in 
the  light  of  an  epithelial  cell,  or,  rather,  its  nucleus,  modified  in 
structure  and  endowed  with  peculiar  properties.  Its  mode  of  de- 
velopment, tho  continuous  and  obviously  involuntary  nature  of  the 
movements,  and  lastly,  its  chemical  characters,  all  tend  to  this  con- 
clusion, while  they  place  the  originally  received  notion  of  the  animii 
nature  of  the  spermatozoon  without  the  bounds  of  speculation. 

Upon  the  nature  of  the  force  which  is  communicated  by  the  sper- 
matozoon to  the  ovum,  we  know  nothing.  Whether  it  is  to  be  looked 
upon  as  a  catalytic  action,  or  whether  the  changes  induced  are  of  i 
chemical  nature,  are  questions  to  which  we  can  give  no  aDSwer. 
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Certain  it  is,  that  the  integrity  of  the  spermatozoon  is  necessary  for 
fecandation.  The  spermatozoa  of  hybrids  haye  been  found,  upon 
examination,  to  exhibit  structural  imperfections,  and  it  has  long 
been  known  that  these  animals  are  incapable  of  producing  offspring. 
That  all  the  wonderful  changes  taking  place  in  the  ovum,  whicn 
lead  to  the  formation  of  the  embryo  and  the  development  of  the  new 
being,  result  from  the  agency  of  the  spermatozoon,  is  certain ;  but 
how  these  are  brought  about,  seems  beyond  the  pale  of  human  know- 
ledge. 

Upon  the  sulgeoto  trevted  of  in  the  present  chapter,  the  student  may  refer  to  Sir 
Astlej  Cooper's  **  Obsenrations  on  the  Stmctore  and  Diseases  of  the  Testis;"  Lauth's 
**  Mtaoire  sor  la  Testicule  Humaine ;"  Professor  Kolliker*s  Microscopic  Anatomy, 
and  articles  in  the  '*  Microscopical  Journal ;"  Hancock,  "  On  the  Physiology  of  the 
Male  Urethra ;"  Article  "  Semen,"  in  the  **  Qydopndia  of  Anatomy  and  Physiology." 


CHAPTER  XXXVIII. 

FEMALE  ORGANS  OF  GENERATION. — OVARIES. — GRAAFIAN  FOLLICLES. 
— GERMINAL  VESICLE. — PAROVARIUM. — FALLOPIAN  TUBE. — UTE- 
RUS.— VAGINA,  AND  A0GE880RT  ORGANS  OF  GENERATION  IN  THE 
FEMALE. — FEMALE  URETHRA. 

Female  Organn  of  Oeneration. — The  formative  organ  in  the  female 
is  the  ovanfy  in  which  the  ova  are  developed  and  prepared  for  fecun- 
dation. From  the  ovary,  the  ova  pass  into  the  Fallopian  tuhe  or 
efferent  dact,  which  opens  into  the  uteru9y  the  cavity  designed  for 
the  reception  of  the  ovum  after  it  has  been  impregnated,  in  which 
the  formation  of  the  embryo  takes  place,  and  its  development  into 
the  form  of  the  future  being  occurs.  From  the  uterus  passes  the 
vagina  or  tube  which  receives  the  penis  of  the  male  in  copulation. 
With  the  vagina  are  connected  certain  glands  and  accessory  organs. 

(hariee. — The  ovaries  are  two  in  number,  of  an  oval  form,  and 
flattened  antero-posteriorly ;  they  lie  in  the  cavity  of  the  pelvis,  and 
mre  enclosed  in  a  fold  of  the  broad  ligament  of  the  uterus,  with  which 
organ  they  are  connected  by  a  narrow  cord  or  round  ligament. 
Each  ovary  is  invested  with  a  firm  capsule  of  condensed  fibrous 
tissue,  which  is  covered  with  peritoneum,  and  is  usually  attached  to 
the  corresponding  Fallopian  tube  by  one  of  the  fimbrise  of  the  latter. 
The  ovary  is  composed  of  a  firm,  fibrous,  and  highly  vascular  stroma ; 
in  which  are  imbedded,  at  various  intervals,  a  number  of  small  cavities 
or  vesicles,  originally  discovered  by  De  Graaf,  hence  called  Chraafian 
veeieles.  These  contain  a  serous  fluid,  with  a  considerable  number 
of  cells,  amongst  which  the  ovum  lies.  In  the  adult  ovary,  there 
are  usually  from  ten  to  fifty,  or  more,  of  these  Graafian  vesicles, 
varying  in  size  from  a  small  pin's  head  to  that  of  a  pea.  The  largest 
mre  situated  chiefly  towards  the  peripheral  part  of  the  organ.    In 
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the  oTBry  of  the  advnnced  foetus  and  new-horn  child,  Grasfin  fMIt- 
elea  are  abundant,  and,  even  at  this  earl;  period,  the  ovum  can  be 
Been  within  them.  The  fibrons  stroma  of  the  ovary  is  exeeedinglf 
firm  and  bard ;  it  consists  principally  of  a  modification  of  vUti 
fibrous  tisane,  the  fibres  of  which  interlace  in  all  directions;  Intitii 
highly  vascular,  especially  at  the  period  of  puberty. 

Graafian  Follielea. — The  Graafian  folliclea  or  ovitaet  emuiit 
when  fully  developed,  of  a  closed  cavity  and  contents.  ThenBi 
are  composed  externally  of  a  firm  fibrous  membrnne.  which  item- 
nected  with  the  fibrous  structure  of  the  ovary;  internal  to  whicbif 
a  softer  and  more  spongy  tissue,  containing  tiamerous  fasifonn  «S& 
and  fibres,  more  loosely  arranged  than  in  the  external  part  of  tk 


follicle.  Intprnni  to  this,  especiully  in  young  follicles,  a  clear  hvaivl 
buscmcnt  membrane  may  be  observed,  upon  the  surface  of  ifcli:. 
lining  the  entire  fcjllicle,  is  a  tolerably  thick  layer  of  epithelium,  ;he 
memhrana  granulosa  of  authors.  The  epithelium  is  much  r.wre 
abundant  in  that  part  of  the  follicle  in  which  the  ovnm  is  aiiustfl: 
indeed,  it  is  entirely  imbedded  in  it.  Accordinp  to  the  observation: 
of  Dr.  Barry,  the  ovum  is  attached  to  the  walls  of  the  follicle  k 
certain  bands,  termo'l  by  him  ntumcnla.  It  is,  however,  not  n?j 
to  demonstrnte  satisfactorily  this  peculiar  arrangement  of  the  nirn- 
brann  granulosa.  The  cells  of  the  membrana  granulosa  of  ihi' 
Graafian  follicle  have  a  polygonal  form,  and  immediately  around  tb 
ovum  aro  coIlecte<l  into  a  sort  of  ring,  whicli  is  attached  to  theei- 
ternal  clear  membrane,  or  zona  pelbtckhi,  of  the  ovnm.  This  law 
is  termed  by  Dr.  Barry  the  tunica  granuUta.  The  so  called  retiiiJ- 
cula  are  composed  of  similar  cells,  of  which  many  arc  also  P:>i!r.! 
floating  in  the  fluid  of  the  follicle,  which  ia  entirely  lined  by  ilicia, 
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Ovum. — The  ovum  is  iarested  with  a  clear,  homogeneoni,  perfectly 
transparent,  firm,  elutic,  and  tolerably 
.thick  membrane,  exhibiting  an  appear-  ^v-  ^^■ 

•noe,  when  examined  by  the  microscope,  t^^ 

very  similar  to  that  of  tne  elastic  laminee  '^ 

of  the  cornea,  the  vitelline  or  yolk  mem- 
brane, or  aona  pellticida;  the  latter 
being  the  term  always  employed  in 
■peaking  of  the  mammalian  ornm.  The 
lona  pelluoida  appears  as  a  perfectly 
dear  ring,  limited  on  either  side  by  a 
-well  defined  dark  outline.  Within  this 
membrane  is  the  yolk,  which  is  composed 
of  nfluid  containing  jiroper  if  oik  granulea 
and  oil  particles,  with  the  clear  bright 
germinal  veticle,  containing  within  it 
the  germinal  apot,  lying  close  beneath 
the  zona  pellucid  a. 

The  ovum  is  about  y^^th  and  the  ger- 
minal spot  about  yn'ogth  to  sigth  of  aa 
inch  in  diameter. 

The  yolk  granules  differ  much  in  sise 
and  form  in  different  animals.  They 
are  much  more  numerous  in  mature  ova 
than  in  ova  at  an  early  stage  of  develop- 
ment, as  was  pointed  out  by  Bischoff,  an 

observation  which  we  can  fully  confirm.    <>ui>  a.  mx-c— ,  -^  »..  ^^y^ ».  l... 
Tney  appear  to  be  composed  of  a  pro-    ihnii|k  uw  opunif.  rnuacoiis. 
teJD  compound,  with  much  fatty  matter. 

Fig.  266. 


Germinal  Veticle.^-The  germinal  vesicle,  or  vesicle  of  Pnrkinje, 
eonsiats  of  a  perfectly  clear  cell,  filled  with  transparent  oontents, 
bat  containing  one  dark  spot,  the  germinal  tpot. 

From  some  observations  of  Kolliker  and  Bagge  upon  the  deve- 
lopmeut  of  the  ova  of  intestinal  worms,  it  appears  that  the  germinal 
spot  is  the  part  of  the  ovum  which  is  first  formed  ;  but  it  may  be 
regarded  as  a  fact,  that  the  germinal  vesicle  precedes  the  formation 
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of  the  yolk  and  the  sona  pellncida.     The  immediate /ornio^jre  (rrgin 
of  the  ovum  is  the  Graafian  vesiole. 

As  the  ovum  approaches  maturity,  it  passes  from  the  centre  of 
the  Graafian  follicle  towards  its  peripheral  portion,  and  becomes  im- 
bedded in  the  membrana  eranulosai  which  increases  in  thidsM 
until  it  entirely  surrounds  the  ovum.  At  the  same  time,  the  eodi 
pellucida  increases  in  thickness,  and  the  germinal  vesicle,  which  wu 
originally  situated  in  the  centre  of  the  yolk,  makes  its  way  towards 
the  circumference. 

Parovarium, — Diverging  from  the  hilus  of  the  ovary,  may  be  seen 
a  few  canals,  which  appear  to  be  the  remains  of  the  Wolffian  bodj, 
an  organ  which  reaches  its  maximum  of  development  in  intra-nterine 
life.     These  tubes  have  been  termed  the  parovarium. 

Fallopian  Tube. — The  Fallopian  tube,  or  oviduct,  is  a  fibro-mos- 
cular  canal,  lined  with  ciliated  epithelium,  opening  by  one  extremity 
into  the  uterus  and  terminating  in  the  other  by  a  wide  fimbriated 
orifice,  morsu^  dialoli,  which  opens  into  the  cavity  of  the  perito- 
neum. Each  Fallopian  tube  is  usually,  however,  connected  to  the 
corresponding  ovary  by  one  of  its  fimbriae. 

The  Fallopian  tube  is  invested  with  peritoneum,  and  at  the  fim- 
briated extremity,  the  serous  membrane  becomes  continuous  with  its 
mucous  lining.  The  muscular  fibres  of  the  Fallopian  tube  are  dis- 
posed in  two  layers;  the  external  having  a  longitudinal  and  the 
more  internal  a  circular  course.  The  contractile  fibres  are  mixed 
with  much  fibrous  tissue.  The  contraction  of  the  oviduct  has  a  ve^ 
micular  character.  The  mucous  membrane  is  disposed  in  longitudi- 
nal folds,  upon  which  lies  a  single  layer  of  columnar  epithelinm. 
These  cells  are  ciliated,  and  by  the  vibration  of  the  cilia,  a  current 
is  produced,  the  direction  of  which  is  from  the  ovaries  towards  the 
uterus  ;  so  that  the  transmission  of  the  ovum  into  the  uterus  would 
be  favoured,  while  the  passage  of  the  spermatozoa  along  the  tabe 
would  be  retarded. 

Uterus, — The  uterus  is  a  firm  hard  body,  of  a  pear  shape,  flattened 
more  or  less  anteriorly  and  posteriorly.  On  each  side,  at  the  iipp*.*: 
part,  are  situated  the  two  angles  into  which  the  Fallopian  tubes  open. 
The  portion  above  this  point  is  called  the  fundus^  while  the  lov-jr 
constricted  part  of  the  organ  is  spoken  of  as  the  cervix  or  neck,  aiil 
that  part  situated  between  the  cervix  and  fundus  is  denominated  ti.e 
body.  The  highest  part  of  the  neck  is  spoken  of  as  the  08  inUnurn, 
The  cavity  of  the  uterus  is  of  a  triangular  shape,  about  an  inch  anil;i 
half  in  width  at  its  upper  part,  where  the  Fallopian  tubes  open ;  lu; 
in  the  unimpregnated  state,  its  walls  almost  touch  each  other,  sn  as 
to  leave  a  very  slight  interval,  which  is  usually  occupied  by  mucus. 
The  cavity  terminates  in  the  ob  uteris  or  ob  tincWj  a  transverse  open- 
ing, bounded  anteriorly  and  posteriorly  by  two  thick  and  rounJii 
lips. 

The  uterus  undergoes  extraordinary  alterations  in  form  anJ  size 
after  the  impregnation  of  the  ovum,  and  becomes  very  vascular  ani 
endowed  with  a  highly  contractile  power. 

The  walls  of  the  unimpregnated  uterus  are  about  half  an  inch  in 
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tliiefcneBS  in  their  tbiekest  part,  and  oonuat  of  pale  organic  mnscular 
fibres,  with  a  certain  quantity  of 
fibrons  and  areolar  tisane.  The 
muotilar  fibres  have  been  said  to  be 
■tranged  in  three  layers,  bnt  the 
limits  of  these  layers  are  not  very 
dearly  defined.  The  outermost  layer 
is  very  thin,  and  is  incorporated  with 
the  snb-peritoneal  tissue.  It  eoo- 
aieta  of  longitudinal  and  transrerse 
fibres,  many  of  the  latter,  after  in- 
Testing  the  anterior  and  posterior 
anrfaees  of  the  organ,  lose  them- 
selves upon  the  Fanopian  tubes,  or 
enter  the  broad  and  round  liga- 
ments. The  middle  layer  makes  up 
the  greater  part  of  the  thickness  of 
the  uterine  walls,  and  consists  of 
strong  bundles;  which  also  run,8ome 
in  a  longitudinal  and  others  in  a 
transverse  direction.  It  is  in  this 
layer  that  the  greater  number  of  the 
vessels  which  snpply  the  organ,  and 
which  become  so  enormously  deve- 
loped in  pregnancy,  ramify.  The 
innermost  layer  is  thinner,  and  com- 
posed chiefly  of  thin  longitudinal 
fibres. 

Round  the  external  os  uteri,  the 
transverse  fibres  are  very  abund- 
ant, and  collected  together  beneath 
the  mucous  membrane,  so  as  to  form 
a  sphincter  muscle. 

In  these  different  layers,  in  the 
virgin  nterus,  the  muscular  fibre- 
cells  for  the  most  part  are  seen  as 
short  spindle-shaped  cells,  in  many 
of  which,  oval  elongated  nuclei  can 
be  demonstrated.  At  this  period, 
the  cells  are  often  seen  to  he  of  very 
irregular  form,  and  are  not  always 
very  readily  made  out.  The  muscu- 
lar fibre-cells  undergo  increased  de- 
velopment in  the  pregnant  state, 
and  towards  the  end  of  this  period, 
will  he  found  to  be  very  long  cells 
with  a  distinct  oval  nnclena.  The 
cell  terminates  in  long  thin  and 
pointed  extremities  (fig.  266).  After 
delivery,  these  cells  again  diminish  in  dimensions,  a  number  of  fat 
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Fig.  207. 


globules  appear  in  their  interior,  and  ultimately  they  regain  their 
former  appearance  (fig.  267) ;  while,  at  the    same  time,  the  enure 

organ  returns  to  its  former  volume. 

The  mucous  membrane  of  the  uterus  forai 
a  pale  and  not  yery  thick  lining  membnne. 
In  the  fundus  and  body  of  the  organ,  i^u  of 
a  redder  colour  than  in  the  cervix,  in  coue- 
quence  of  the  greater  vascularity  of  tkii 
part. 

The  epithelium  is  of  the  ciliated  variety. 
Imbedded  in  the  mucous  membrane  of  the 
uterus  are  numerous  glandular  follicles,  much 
resembling  the  follicles  of  Lieberkiibn,  in 
the  intestine.  These  follicles  are  lined  viih 
cylindrical  epithelium.  They  appear  to  fonn 
a  little  whitish  mucous  secretion.  In  preg- 
nancy, these  glands  are  enormously  deTe* 
loped;  and  we  shall  consider  the  channel 
taking  place  in  their  structure,  when  de- 
scribing the  alteration  which  takes  place  ii 
the  mucous  membrane  of  the  uterus  tfter 
conception.  The  mucous  membrane  of  the 
cervix  uteri  is  gathered  into  deep  folds,  form- 
ing rugsdy  between  which  are  seen  secondarj 
rugsB,  with  a  few  follicles  opening  between 
them.  These  rngoe  were  described  by  the  older  anatomists,  under 
the  terms  plicoe  palviatce,  arbor  vitce  utcrinus^  etc. 

In  the  mucous  membrane  of  the  neck  of  the  uterus,  are  situated 
the  so  called  glandulcey  or  ovula  Nabothi^  which  secrete  the  thick 
mucus  usually  plugging  up  this  part  of  the  canal.  These  are  closed 
follicles,  and  it  is  probable  that,  at  certain  periods,  they  burst,  dis- 
charging their  contents,  and  are  succeeded  by  the  development  of 
new  follicles. 

Surrounding  the  os  uteri  there  are  several  tongue-like  processes  of 
mucous  membrane,  the  villi  of  the  os  uteri.  Eiieli  contains  a  vascu- 
lar loop,  and  is  covered  with  squamous  epithelium.* 

Tiie  nerves  of  the  uterus  are  derived  from  the  hypogastric  plexus. 
According  to  Dr.  Beck,  the  nerves  spread  out  upon  the  surface  oi 
the  uterus  itself  are  few  in  number,  and  consist  of  branches  which 
do  not  unite  with  each  other  so  as  to  form  a  plexus.  Dr.  Lee  dt- 
scribes  numerous  ganglia  connected  with  these  nerves ;  and  hi^  di^- 
sections  would  appear  to  show  that  the  uterus  is  much  more  abund- 
antly supplied  with  nerves,  than  is  admitted  by  anatomists  gene- 
rally. We  are  not,  however,  prepared  to  admit  that  the  textures 
displayed  in  the  elaborate  dissections  of  Dr.  Lee,  are  entirely  ur 
even  in  great  part  nervous,  or  that  the  bodies  which  he  has  repre- 
sented as  ganglia,  are  really  of  this  nature.     This  anatomist,  like 
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HuHcnIar  flbrA  relN  ft'om  the 
ntPruK,  three  weeks  after  partu- 
rition. 8hi)Tring  the  fat  globiiU>ii 
in  their  interior.  The  four  cells 
to  the  left  have  been  treated  with 
acetic  acid.    After  KMliker. 


*  Thofo  Tilli  have  lately  beeu  carefully  UescribtMl  by  Dr.  Tyler  Smith,  Meil  -CL:r. 
Trans.,  vol.  xxxv. 
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William 'iHnnter,  and  Tiedemann,  considers,  that  in  the  gravid  ntems 
the  nerves  become  much  increased  in  size ;  an  opinion  which  Dr. 
Beck  has  failed  to  confirm  in  his  verj  careful  and  elaborate  dis- 
sections.'*' 

The  UgatnentM  of  the  uterus  are  described  in  works  on  descriptive 
anatomy.  Thev  are  the  anterior  and  posterior  ligaments,  the  broad 
ligaments  and  the  round  ligaments.  The  two  first  being  merely  folds 
of  peritoneum,  the  latter  a  rounded  cord  about  five  inches  in  length. 
Mr.  Bainey  has  shown  that  the  round  ligament  of  the  uterus  con- 
tains numerous  striped  muscular  fibres.  He  describes  the  round 
ligament  as  arising  by  ''  thin  fasciculi  of  tendinous  fibres ;  the  inner 
one  from  the  tendon  of  the  internal  oblique  and  transversalis  near 
the  symphysis  pubis,  the  middle  one  from  the  superior  column  of  the 
external  abdominal  ring  near  to  its  upper  part,  and  the  external  fas- 
ciculus from  the  inferior  column  of  the  ring  just  above  Gimbernat's 
ligament." 

The  fibres  pass  backwards  and  outwards,  soon  become  fleshy,  unite 
to  form  a  rounded  cord  which  runs  between  the  layers  of  peritoneum 
forming  the  broad  ligament  of  the  uterus,  and  is  inserted  into  the 
upper  and  anterior  part  of  the  uterus.  The  action  of  these  fibres 
would  be  to  draw  the  uterus  forwards  and  thus  elongate  the 
▼agina.t 

Vagina^  and  Acc€99ory  Female  Organs  of  Generation, — The  vagina 
consists  of  an  external  or  fibrous  layer,  and  a  muscular  coat.  It  is 
lined  by  mucous  membrane. 

The  fibrous  tissue  of  the  external  coat  contains  many  fibres  of  the 
yellow  elastic  element,  and  a  large  network  of  vessels,  with  plexuses 
of  veins  which  form  an  erectile  tissue. 

The  muscular  fibres  run  partly  in  a  longitudinal  direction,  and 
are  partly  arranged  in  transverse  bundles  which  encircle  the  vagina. 

The  mucous  membrane  is  of  a  pale  reddish  colour,  thrown  into 
many  small,  firm,  prominent  folds,  columnse  rugaruniy  separated  by 
fissures.  The  epithelium  of  the  vagina  is  very  large,  and  of  the 
acaly  variety.  These  cells  are  almost  always  present  in  the  urine  of 
females.  The  nucleus  is  usually  seen  very  distinctly,  and  is  of  an 
oval  form.  They  present  examples  of  the  largest  epithelial  cells  in 
the  body.  Close  to  the  external  orifice,  the  mucous  membrane  forms 
a  reduplication,  termed  the  hymen,  which  extends  across  the  poste- 
rior part  of  the  opening. 

There  are  two  small  glands,  the  glands  of  Bartholinij  in  the  female, 
which  correspond  to  Cowper's  glands  in  the  male.  They  are  small 
branched  glands,  the  ultimate  vesicles  of  which  are  lined  with  tesse- 
lated  epithelium.  They  appear  to  secrete  a  clear  yellowish  thick 
mncQs. 

The  corpora  cavernosa  of  the  eUtoru  correspond  in  structure  to 
those  of  the  penis  of  the  male,  but  are  of  very  small  size.  Valentin 
has  described  helicine  arteries,  as  in  the  penis.  In  the  mucous  mem- 
brane of  the  external  female  genital  organs,  are  numerous  glands; 

*  rhU.  Trans.  1846,  part  ii.  f  PhiL  Trans.  1850,  part  il.  p.  615. 
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and  in  the  labia  majora  are  some  sebaceous  glands,  opening  into  the 
hair  follicles,  which  are  so  numerous  in  this  region. 

The  papillae  in  this  situation  are  very  numerons  and  highly  dere- 
lopedy  and  are  covered  with  scaly  epithelium.  The  submucous  tissu 
is  abundant,  loose,  and  without  fat ;  it  contains  many  fibres  of  the 
yellow  element.  At  the  labia  majora,  the  mucoos  membrane  beconei 
continuous  with  the  external  skin,  to  which  it  gradually  approscha 
in  structure. 

Urethra. — The  female  urethra  is  much  shorter  and  wider  than  thit 
of  the  male.  It  is  about  an  inch  and  a  half  in  length,  and  terminates 
in  the  meatus  urinariuij  which  opens  in  the  vulva  between  the 
nymphse.  This  canal  may  be  enormously  dilated  without  danger, 
and  a  very  large  calculus  has  often  been  extracted  from  the  female 
bladder  through  it.  The  mucous  membrane,  especially  near  the 
bladder,  contains  many  follicles. 

Besides  the  works  already  referred  to  in  the  Notes,  the  anthors  reeomand  tti 
reader  to  consult  the  following:  Kolliker's  <*  Manual  of  Human  Histologj,**  tmulttad 
by  Busk  and  Huxley,  Cavendish  Society;  Dr.  Barry's  Papers  in  the  PhiL  Tnas^ 
1888-40;  Dr.  Lee's  **  Memoirs  on  the  Ganglia  and  Nenres  of  the  Uteros,"  1849:  Dr. 
Sdow  Beck  "  On  the  Nerves  of  the  Uterus,"  PhiL  Trans.,  1846 ;  Qoain  and  Shuptj'i 
Anatomy. 


CHAPTER  XXXIX. 

PUBERTY. — MENSTRUATION. — MATURATION  AND  DISCHAROB  OP  OTA. 
— FORMATION  OF  CORPORA  LUTEA. — STRUCTURE  OP  CORPUS  LUTETM. 
— DISTINCTION  OF  THE  TRUE  FROM  THE  FALSE  CORPUS  LUTBUM. 

The  period  of  puberty  commences  at  different  ages,  is  charactcriirf 
by  different  phenomena,  and  lasts  during  widely  different  perio'ls  of 
time,  in  the  two  sexes.  In  the  male,  puberty  seldom  occurs  before 
the  fourteenth  or  fifteenth  years.  It  is  marked  by  increased  deT^ 
lopment  of  the  genital  organs,  the  formation  of  spermatozoa,  and  the 
occurrence  of  sexual  feelings.  Besides  these  changes,  however,  there 
are  others  scarcely  less  striking  and  characteristic,  as  the  growth  of 
hair  on  the  face  and  pubes,  increased  development  and  symmetry  of 
the  limbs  and  general  outline  of  the  body,  an  alteration  in  the  phy- 
siognomy, a  greater  capacity  of  the  respiratory  organs,  and  a  strik- 
ing change  in  the  character  of  the  voice,  which  becomes  of  a  deep 
tone,  very  different  from  that  of  boyhood  and  of  the  female  sex. 
This  alteration  of  the  voice  does  not  take  place  in  eunuchs,  who  re 
tain  throughout  life  a  shrill  tone,  of  higher  pitch,  approximating 
more  in  character  to  the  female  voice  than  to  that  of  the  male.  Per- 
fectly-formed spermatozoa  are  not  found  in  the  genital  organs  of  the 
male  before  the  period  of  puberty.  The  power  of  procreation  lasts 
much  longer  in  the  male  than  the  female,  and  often  continues  up  to 
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ibe  sixtieth  or  sixty-fifth  years;  and  instances  of  yirility  are  recorded 
at  the  advanced  age  of  one  hundred. 

In  the  human  female^  paberty  is  likewise  characterized  by  the 
occnrrence  of  certain  local  changes  in  the  generative  organs,  and  also 
by  changes  of  a  more  general  character  occurring  in  the  body.  About 
this  time,  which  usually  occurs  between  the  thirteenth  and  sixteenth 
years,  but  somewhat  earlier  in  hot  climates,  the  organs  of  veneration 
undergo  a  considerable  increase  in  size ;  the  breasts  enlarge,  and 
an  increased  deposit  of  fat  takes  place  over  the  surface  of  the  body 
generally.  The  most  important  indication,  however,  of  puberty,  or 
aptitude  for  procreation,  in  the  human  female,  is  the  appearance  of 
the  eatamenia.  Nevertheless,  instances  have  occurred  m  which  the 
menstrual  secretion  was  retarded  for  several  years,  or  even  in  which 
it  never  appeared,  although  the  susceptibility  for  procreation  existed, 
and  impregnation  had  taken  place.  Hence,  although  the  presence 
of  the  menstrual  discharge  indicates  that  the  period  of  puberty  has 
arrived,  its  absence  cannot  be  looked  upon  as  a  proof  of  the  want  of 
procreative  power;  while  in  some  instances,  the  catamenia  may 
appear  regularly  without  impregnation  ever  taking  place,  in  conse- 
quence of  certain  abnormal  conditions  of  the  organs  of  generation. 
The  period  of  puberty  is  more  affected  by  the  habits  of  the  individual 
than  by  temperature,  although  the  latter  probably  exerts  some  slight 
influence.  In  Africa,  menstruation  is  said  to  be  common  as  early  as 
the  eighth  or  ninth  year ;  but  in  colder  climates,  and  in  our  own 
country,  it  seldom  occurs  before  the  thirteenth  year,  and  usually  not 
till  the  fifteenth  or  sixteenth  year.  Still  cases  are  on  record  in 
which  the  catamenia  appeared  in  young  children  in  this  country ; 
and  their  appearance  was  marked  by  enlargement  of  the  breasts,  and 
other  changes  indicative  of  puberty. 

In  both  sexes,  the  period  of  puberty  is  much  influenced  by  the 
conditions  under  which  the  child  is  placed.  Habits  of  indoAnce, 
luxury,  and  indulgence,  tend  to  the  early  development  of  puberty ; 
while,  on  the  contrary,  it  occurs  some  years  later  in  those  who  are 
inured  to  active  employments,  and  who  are  placed  under  conditions 
favourable  for  promoting  bodily  vigour  and  mental  activity. 

The  catamenia  occur  at  intervals  of  a  month,  and  the  discharge 
usually  continues  from  three  to  six  days.  It  ceases  during  pregnancy 
and  lactation,  and,  in  most  women,  does  not  recur  after  the  forty- 
fifth  to  the  fiftieth  year ;  but  exceptions  to  these  statements  are  met 
with  from  time  to  time. 

At  each  menstrual  period,  the  mucous  membrane  of  the  uterus, 
and  of  the  generative  organs  generally,  becomes  turgid,  in  conse- 
quence of  an  increased  local  determination  of  blood.  The  mucous 
surface  of  the  uterus  is  covered  by  a  sanguineous  discharge,  which 
escapes  from  the  tur^  vessels. 

C^  the  Menstrual  I7uid. — The  quantity  of  the  menstrual  secretion 
varies  considerably,  as  also  do  its  characters.  In  this  country,  from 
four  to  eight  ounces  are  lost  at  each  menstrual  period,  but  sometimes 
the  quantity  is  much  greater.  It  is  of  a  dark  red  colour  from  the 
numerous  blood  corpuscles  it  contains,  and  is  perfectly  fluid,  as  it  is 
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free  from  fibrine,  a  character  which  distingnishea  it  from  ordinary 
blood.  Besides  blood-corpuscles,  it  contains  a  number  of  smdlp 
pale  granular  cells,  and  large  corpuscles,  containing  nnmerous  smll 
oil-globules,  the  so-called  granular  corpuscles. 

Dr.  Letheby  has  published  an  analysis  of  menatmal  fluid  whick 
had  accumulated  to  the  extent  of  forty  ounces,  in  consequence  of  an 
imperforate  hymen.  It  was  thick  and  black,  and  it  contained  do 
fibrine.  Under  the  microscope  were  detected  altered  blood  eo^ 
puscles,  exudation  or  granular  corpuscles,  macus  cells,  epithelioo, 
and  granules. 

Water ^57^ 

Solid  matter 142  6 

Fat 6-8 

Albumen 69-4 

Globuline 491 

Heematin 2-9 

SalU 80 

Extractive  matter 6*7 

Maturation  of  Ova^  and  their  Discharge  from  the  Graafian  Tot 
licle. — The  most  important  of  the  phenomena,  however,  accompanj- 
ing  menstruation,  is  the  maturation  and  discharge  of  ova  firom  the 
ovary.  At  these  periods,  a  Graafian  follicle  becomes  enlarged,  pro- 
jecting considerably  from  the  surface  of  the  ovary,  and  distended 
with  fluid.  Its  wall  becomes  thin  at  one  point,  where  it  at  length 
gives  way,  and  the  contents  of  the  follicle  escape  into  the  Fallopian 
tube.  The  ovum  has  but  rarely  been  detected  in  the  Fallopian  tube, 
which  is  scarcely  to  be  wondered  at  when  we  consider  its  small  siie, 
and  the  very  few  cases  in  which  we  have  an  opportunity  of  search- 
ing for  it  with  a  chance  of  success.  It  has,  however,  been  actuallj 
seen  in  one  case  in  the  human  female  examined  by  Dr.  Letheby,  anJ 
in  another  by  Mr.  Ilyett.  In  animals,  it  may  be  detected  witboat 
difficulty,  although  it  is  only  of  late  years  that  the  escape  of  the 
contents  of  a  Graafian  follicle  at  each  menstrual  period  has  been 
placed  beyond  a  doubt.  We  owe  to  Dr.  Robert  Lee,  observation?, 
made  so  long  ago  as  the  year  1831,  which  establish  the  fact  of  tiie 
rupture  of  a  follicle,  and  the  escape  of  its  contents,  at  each  recur- 
rence of  menstruation.  Ova  have  been  detected  in  the  ovaries  at  a 
very  early  age. 

Dr.  Ritchie  states,  that,  even  during  childhood,  there  is  a  con- 
tinual rupture  of  ovisacs  and  discharge  of  ova  taking  place  ;  but  it 
is  not  until  the  period  of  puberty  that  the  number  of  ovisacs  be- 
comes very  great,  or  the  ova  are  perfectly  developed  and  capable  of 
being  impregnated.  At  this  time,  the  stroma  of  the  ovarv  is  seen 
to  be  everywhere  studded  with  ovisacs  in  various  stages  of  \lcvelop- 
ment ;  the  largest  and  most  mature  occupying  the  peripheral  parts 
of  the  organ,  while  those  containing  mature  ova,  which  are  about  to 
be  discharged,  form  considerable  prominences,  projecting  from  the 
surface  of  the  ovary.* 

*  Dr.  Barry  calculates  that,  in  the  ovary  of  the  cow,  about  the  period  nf  pubi'rtr. 
there  are  as  many  as  two  hundred  millions,  corresponding  to  a  cubic  inch  of  lie 
stroma. 
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The  discharge  of  ova  from  the  ovary  in  animals,  as  in  the  human 
■ubjeot,  occurs  only  at  certain  definite  periods,  which  vary  much  in 
different  animals.  It  is  only  at  these  times  that  the  female  animal 
will  receive  the  male,  and  that  the  aptitude  for  conception  exists. 
At  such  a  time  the  animal  is  said  to  be  "in  heat"  or  "rut."  In 
the  bitch,  this  period  occurs  twice  in  the  year,  and  lasts  for  about  a 
fortnight  each  time ;  in  the  sheep  and  in  the  cow,  and  in  domestic 
animals  generally,  it  occurs  much  oftener  than  in  wild  animals,  and 
the  periods  of  recilrrence  are  not  definite. 

If  the  ovary  of  an  animal  be  examined  at  the  time  of  "heat,"  it 
will  be  found  turgid  with  blood,  and  several  Graafian  vesicles  will  be 
seen  projecting  from  its  surface,  forming  prominences,  the  most 
superficial  portions  of  which  appear  quite  thin,  and  almost  ready  to 
rupture  and  permit  the  escape  of  the  contents  of  the  follicle.  At 
the  same  time,  a  more  abundant  secretion  of  mucus  takes  place  from 
the  walls  of  the  vagina  and  contiguous  parts.  In  a  few  instances, 
also,  a  bloody  discharge  has  been  detected  in  the  vagina ;  but  it  must 
be  distinctly  borne  in  mind,  that  this  is  not  a  constant  phenomenon. 
It  only  occurs  in  small  quantity,  and  it  never  appears  at  each  suc- 
cessive period  of  heat,  while  it  is  always  accompanied  with  increased 
sexual  desire. 

It  may  be  considered  as  established,  that  in  the  human  female,  at 
or  about  the  period  of  menstruation,  a  discharge  of  ova  takes  place ; 
and  at  these  times  the  ovaries  are  extremely  turgid,  and  their  vascu- 
larity is  much  increased.  From  very  numerous  observations,  it  has 
been  distinctly  proved,  that  conception  is  more  likely  to  take  place 
a  few  days  after  menstruation  than  at  any  other  period,  a  fact  which 
has  led  Naegele  to  fix  the  period  of  delivery  at  nine  months  and 
eight  days  after  the  last  menstrual  discharge ;  while,  in  a  few  in- 
stances, the  ovum  has  actually  been  seen  within  a  very  short  time 
after  its  escape  from  the  Graafian  follicle. 

From  these  facts,  most  physiologists  have  been  led  to  look  upon 
the  menstrual  periods  in  the  human  female  as  identical  with  those 
of  heat  or  rut  in  animals;  a  view  which  has  been  especially  advocated 
by  Bischoff. 

The  maturation  and  escape  of  ova,  then,  in  all  animals,  is  a  peri- 
odical phenomenon,  and  even  in  the  human  subject,  if  not  accom- 
panied with,  is  shortly  followed  by,  increased  sexual  desire ;  while, 
m  animals,  sexual  intercourse  takes  place  at  these  times  alone.  The 
rupture  of  the  follicle  is  probably  due  to  the  increased  local  deter- 
mination of  blood  at  these  periods,  by  which  the  contents  of  the 
Graafian  follicle  are  forced  towards  the  surface  of  the  ovarv.  Be- 
sides the  escape  of  a  certain  quantity  of  blood  into  the  follicle,  an 
exudation  takes  place  from  its  lower  part,  so  that  the  contents  of  the 
follicle  are  gradually  forced  towards  the  surface,  and  at  the  same 
time,  the  structures  at  this  point  gradually  become  thinner,  until  at 
last  the  peritoneal  coat,  and  the  thin  layer  of  the  stromsi  give  way, 
and  the  contents  of  the  follicle  escape  through  the  fissure.  The 
opening  soon  closes,  leaving  a  small  cicatrix. 

After  the  ovum  has  arrived  at  the  most  superficial  portion  of  the 
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follicle  in  the  manner  just  described,  and  is  about  to  escape,  the 
fimbrisB  of  the  Fallopian  tube  grasp  the  ovary ;  and  the  OTum,  after 
it  has  escaped  from  the  ruptured  follicle,  ordinarily  falls  into  the 
funnel-shaped  cavity  at  the  base  of  the  fimbriae,  whence  it  is  tnni- 
mitted  into  the  Fallopian  tube,  along  which  it  is  gradually  propelled, 
chiefly,  no  doubt,  bv  the  vermicular  contractions  of  the  walls,  bat  in 
part,  also,  by  the  vibration  of  the  cilia  which  line  its  interior,  into 
the  uterus.  In  some  distressing  cases,  happily  very  rare,  the  orum 
falls  into  the  cavity  of  the  peritoneum,  instead  of  entering  the  Fal- 
lopian tube,  and  the  embryo  becomes  developed  in  this  situation. 
These  cases  usually  terminate  in  death.  Sometimes,  however,  the 
remains  of  the  fcBtus  escape  by  suppuration  through  the  abdominal 
walls,  or  into  the  intestine. 

Immediately  after  the  escape  of  the  ovum  from  the  ovary,  certain 
peculiar  and  characteristic  changes  ensue  in  the  follicle  which  con- 
tained it,  and  these  are  influenced  by  the  occurrence  of  impregnv 
tion.  If  impregnation  has  taken  place,  the  lining  membrane  of  the 
uterus  also  becomes  the  seat  of  peculiar  changes,  which  do  not  occor 
under  other  circumstances.  The  changes  which  affect  the  OTnm 
itself,  consequent  upon  impregnation,  will  be  more  conveniently  con- 
sidered when  we  have  referred  to  the  manner  in  which  corpora  lutH 
are  produced.  The  mode  of  formation  of  the  membrana  decidniffOl 
be  alluded  to  afterwards. 

Formation  of  Corpora  Lutea.^^It  the  Graafian  follicle  of  a  miB- 
malian  animal  be  examined  soon  after  the  escape  of  the  OTum,  it  is 
found  to  be  almost  completely  filled  with  an  exudation,  similar  to 
that  which,  by  its  gradual  increase  in  quantity,  has  caused  the  ornm 
to  be  carried  to  the  surface  of  the  follicle.  In  a  short  time,  the 
outer  portion  of  the  follicle  is  occupied  by  a  firm  yellow  substance, 
which  is  probably  formed  from  plasma,  exuded  from  its  walls.  After 
many  careful  examinations,  Dr.  Lee  has  been  led  to  conclude  that 
this  yellow  matter  is  deposited  external  to  both  the  membranes  of 
the  follicle.*  Montgomery  regards  it  as  situated  between  the  layeR, 
while  some  authorities  look  upon  the  internal  surface  of  the  inner 
membrjine  as  the  precise  seat  of  its  formation.  Dr.  Zwicky  con- 
siders the  large  cells,  of  which  .the  yellow  matter  is  compose!  as 
modifications  of  the  small  cells  of  the  immature  follicles.  Their 
nuclei  are  large  and  well  defined,  and  they  contain  numerous  oil- 
globules  in  their  interior.  Although  bodies,  which  are  liable  to  U 
taken  for  corpora  lutea,  arc,  from  time  to  time,  found  in  the  virgin 
ovary,  a  foetus  has  never  been  found  in  the  uterus  without  the  for- 
mation of  an  unmistakable  corpus  luteum.  Ilaller's  remark,  there- 
fore, "nullus  unquam  conceptus  est  absque  corpore  lutco,"  although 
made  so  many  years  ago,  may  still  be  regarded  as  strictly  true. 

At  first,  this  exudation  is  of  a  dark  brown  or  brownish-red  colour, 
resembling  effused  blood ;  but  soon  the  colour  becomes  paler,  vhile 
its  consistence  is  firmer  and  more  dense.  At  length  the  follicl'?  is 
seen  to  be  occupied  with  a  firm  mass,  which  appears  to  be  foraitrJ 

*  Med.-Cliir.  Trnne.,  vol.  xxii. 


HATDKATIOa  AHD  DISOH&aai  01  OVA.  861 

from  a  seoreUon  poured  oat  from  its  walk,  whioh,  from  ita  yellow 
oolonr  in  nan  and  many  animals,  has  been  called  eorpui  ItUewm. 


bsdUi.  S.  AlUuUcnluUonsf  IharguthmgnllL  1.  Al  Ihaasmth  monch.  t. 
•IlTcrj.  <L  TmlT*  VMki  iftar  d*UT*rr.  T.  Carpu  Islanm  ot  mnilrBaUoii,  or 
_  ._ ■___..     .   Corpni  iBtmm  of  mmUTBiUm  litrty  a»n  old. 

\mm,    e.  Coi«nliim  oesapflni  atlljln  lu  la- 
w  ij  HoBtgornvT,  Kinilkar,  tad  Dalian. 

Hence,  for  erery  follicle  in  the  orary  from  vhich  an  OTum  is  dis- 
eharged,  a  oorpus  Intenm  will  be  fonnd.  In  cases  of  twins,  two 
eorpora  Intea  are  always  present;  sometimes  one  in  each  ovary, 
sometimes  two  in  one.  The  characters  which  the  corpns  loteam  ex- 
hibits, and  the  extent  to  which  the  changes  giving  rise  to  its  forma- 
tion undergo,  will  be  determined  by  the  drcnmstanoe  of  the  ovam 
being  impregnated  or  not. 

Bischoff  proved  decisively  that  the  ova  in  mammalia  were  detached 
from  the  ovary  at  the  time  of  heat,  withoat  coition  taking  place ;  and 
that  corpora  latea  were  formed  in  the  ovaries,  just  as  if  coition  had 
oocnrred,  and  impregnation  had  taken  place. 

Kaciborski,  from  numerous  experiments  upon  animals,  has  shown 
that  whether  the  rupture  of  the  follicles  ia  or  is  not  accompanied  by 
ooitus  or  by  fecundation,  the  appearance  of  the  lesion  which  results 
ia,  in  both  cases,  absolutely  identical. 

Kevertheless,  the  oorpus  luteum  of  pregnancy,  except  in  its  earliest 
stages,  bos  been  admitted  by  all  observers,  to  possess  characters  by 
which  it  may  be  distinguished  from  the  corpus  lutenm  formed  in  a 
follicle  from  which  an  ovum  has  been  discharged  without  subsequent 
impregnation  having  occurred.  Hence,  true  and  faUe  corpora  Intea 
have  been  described;  the  true  occurring  only  when  conception  bas 
taken  place,  while  the  false  are  met  with  in  toe  virgin  ovary.  This 
distinction  must  undoubtedly  be  recognized ;  but  there  b  every  reason 
to  believe  that  the  development  of  a  true  oorpus  latenm  takes  place 
in  obedience  to  similar  nutritive  changes  which  determine  the  forma- 
tion of  this  body,  proceeding  to  a  much  greater  extent  than  in  the 
case  of  the  false  or  virgin  corpus  lutenm  in  consequence  of  their 
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being  promoted  by  the  increased  determination  of  nntritire  pabnlnn 
and  the  greater  vascalarity  of  the  ovaries  when  impregnation  his 
occurred. 

In  the  cow  (according  to  Dr.  Dalton),  the  corpus  luteum  reaches 
its  maximum  of  development  in  about  two  weeks  after  the  rupture  of 
the  vesicle,  and  in  three  weeks  more  all  that  remains  is  a  small 
yellowish  spot.  If,  on  the  other  hand,  the  rupture  of  the  follicle 
be  followed  by  impregnation,  the  corpus  luteum  does  not  attain  its 
greatest  size  till  about  the  middle  of  the  seventh  month,  and  it  the 
termination  of  the  eighth  month,  it  is  still  of  large  size,  and  some- 
times forms  a  very  remarkable  prominence  on  the  surface  of  the 
ovary. 

The  corpus  luteum  of  menstruation  is  smaller  than  that  following 
conception  ;  its  yellow  colour  appears  very  rapidly,  and  soon  fades. 
In  the  course  of  one  or  two  months  after  their  first  appearance,  ther 
are  no  longer  to  be  distinguished.  Virgin  corpora  lutea  are  not 
vascular,  and  cannot  be  injected. 

If  a  section  of  the  corpus  luteum  be  made,  a  small  cavity  will  be 
found  in  the  interior,  from  which  several  lines  appear  to  radiate 
towards  its  external  surface.  This  little  cavity  gradually  contracts, 
and  ultimately  disappears.  According  to  Dr.  Montgomery,  withie 
the  first  three  or  four  months  of  pregnancy,  the  cavity  is  large 
enough  to  contain  a  grain  of  wheat,  and  often  much  larger.  The 
same  observer  has  always  found  the  cavity  absent  after  the  sixth 
month ;  usually  it  seems  to  disappear  between  the  fourth  and  fifth 
months.  A  few  months  after  delivery,  the  corpus  luteum  entirelj 
disappears.  Dr.  Montgomery  never  saw  one  later  than  the  end  of 
the  fifth  month  after  delivery. 

In  a  medico-legal  point  of  view,  the  characters  of  the  corpus 
luteum  are  sometimes  of  great  importance,  and  it  will  be  well  w 
recapitulate  the  most  important.  The  true  corpus  luteum  of  preg- 
nancy possesses  very  well  marked  characters,  by  which  it  maj  be 
distinguished  from  the  false  corpus  luteum. 

Its  projection  from  the  surface  of  the  ovary ;  its  large  size,  oftvn 
equal  to  that  of  a  mulberry,  and  its  rounded  form  ;  the  trianLru'ir 
depression  and  cicatrix  upon  its  surface ;  the  little  cavity  in  its  ivnire 
durin;;  the  earlier  period  of  its  formation,  or  the  stellate  ciiMtrii 
during  the  latter  part  of  pregnancy;  its  lobulateJ  or  puik-rei 
appearance;  its  firm  consistence  and  yellow  colour;  its  «»reat  vavu- 
larity,  as  may  be  shown  by  injection,  and  its  persistence  fur  s^rae 
time  after  delivery,  are  all  important  points  in  which  the  tnt*  ^'^ 
2)ora  lutea  contrast  remarkably  with  those  which  are  formed  wlitre 
conception  has  not  taken  place.  The  false  corpora  lutea  are  siciH 
in  size,  and  do  not  project  from  the  surface  of  the  ovary ;  thov  are 
often  angular  in  form,  seldom  present  any  external  cicatrix,  ci»'ntairi 
no  cavity  or  stellate  marking  in  the  centre ;  the  material  of  which 
they  arc  composed  is  not  iobulated,  and  their  consistence  is  usuaiiT 
very  soft ;  they  often  resemble  coagulated  blood  ;  the  yellow  materia: 
exists  in  the  form  of  a  very  thin  layer,  or,  as  is  more  commonlv  the 
case,  not  a  trace  of  this  substance  is  present.     False  corpora  lutea 
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are  easily  broken  down,  and  often  consist  either  of  small  cysts,  con« 
taining  serum,  or  of  a  simple  coagulum. 

The  following  works  and  monographs  maj  be  oonsnlted  upon  the  sul^ects  treated 
«f  in  Chapter  XXXIX:  Dr.  W.  Hunter  on  the  "Gravid  Uterus,"  1794;  Sir  Eyerard 
Home,  in  the  Phil.  Trans.,  1817;  Dr.  R.  Lee's  article,  "Oyary,"  in  the  Cyclopwdla 
of  Practical  Medicine,  1884,  and  his  Lectures  on  the  Theory  and  Practice  of  Mid- 
wiieij,  1844;  "An  Exposition  of  the  Signs  and  Symptoms  of  Pregnancy,"  etc.,  by 
W.  Montgomery,  M.  D.,  1856 :  Dr.  Ritchie's  Papers  in  the  Medical  Gaiette,  yoL  xxxtI.; 
Bischoff,  "Beweis  von  der  Begattung  unabhangiger  Periodiscben  Relfting  und 
LoslSsnng  der  Eier,"  Giessen,  1844;  Raciborski,  "Comptes  Rendus,'*  1848;  "De  la 
Puberty  et  de  I'Age  critique  ches  la  Femme  et  de  la  Ponte  P6riodiqne,'*  Paris,  1844; 
M.  Pouchet,  "  Th^orie  Positive  de  TOvulation  SponUn^e,  1847 ;  Mailer's  Physiology, 
supplement  by  Dr.  Baly ;  Dr.  Paterson's  Papers  in  the  Edin.  Med.  and  Surg.  Journal, 
Kofl.  142  and  145;  Mr.  Roberton's  "Essays  on  Menstruation,  and  on  Practical  Mid- 
wifery," 1851;  Zwicky,  "Die  MeUmorphose  des  Thrombus,"  Zurich,  1845;  Prise 
Essay  on  the  "  Corpus  Luteum  of  Menstruation  and  Pregnancy,"  by  John  C.  Dalton, 
Jan.,  M.  D.,  PhiUdelphia,  1851. 


CHAPTER  XL. 

IMPREGNATION  OF  THE  OVUM. — CHANGES  IN  THE  OVUM  IMMEDIATELY 
SUCCEEDING  IMPREGNATION. — ROTATION  OP  THE  YOLK. — CLEAVAGE 
OP  THE  YOLK.— KOLLIKER's  OBSERVATIONS. — FORMATION  OF  BLASTO- 
DERMIC VESICLE,  OR  GERMINAL  MEMBRANE. — FORMATION  OF 
DECIDUA. — STRUCTURE  OF  THE  MEMBRANA  DECIDUA. — DECIDUA 
REFLEXA. 

Impregnation  of  the  Ovum, — It  is  exceedingly  difficult  to  give  a 
•mtisfactorj  description  of  the  nature  of  the  phenomena  occurring 
in  impregnation.  It  was  recently  held,  by  Mr.  Newport  and  other 
observers,  that  the  contact  of  the  spermatozoa  with  the  exterior  of 
the  ovum  was  sufficient  to  impregnate  it.  It  was  supposed,  that 
liquefaction  of  the  spermatozoa  occurred,  and  that  the  solution  thus 
formed  permeated  the  vitelline  membrane,  and  impregnated  the 
OTum.  The  latest  researches,  however,  of  the  same  indefatigable 
investigator  upon  the  ovum  of  amphibia,  and  upon  the  mammalian 
OTum,  have  demonstrated  satisfactorily  that  the  spermatozoa  actually 
penetrate  and  pass  through  the  yolk  membrane,  and  are  thus  brought 
into  contact  with  the  yolk  in  the  interior.  This  view  was  advocated 
by  Dr.  Barry  several  years  ago  (in  1843),  and  its  accuracy  has  since 
been  confirmed  by  the  observations  of  Newport  and  BischoiT,  and 
also  by  Meissner. 

What  becomes  of  the  spermatozoa  when  they  have  reached  the 
interior  is  unknown.  They  disappear,  and  become  liquefied;  but 
the  precise  manner  in  which  this  occurs  has  not  been  determined, 
neither  is  it  known  if  they  penetrate  far  into  the  substance  of  the 
yolk. 

Micrcfyle. — ^In  many  ova  the  vitelline  membrane  is  very  firm 
66 
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and  hard ;  and  it  may  be  fairly  asked,  how  can  the  delicate  spenu- 
tozoa  perforate  so  tough  a  structure  as  the  inyesting  membnne  of 
the  yolk  undoubtedly  is  in  these  ova  ?  Much  light  has  very  liulj 
been  thrown  upon  this  part  of  the  process  of  impregnation  bj  the 
researches  of  our  friend,  Dr.  Ransom,  of  Nottingham,  by  tbose  o( 
Professors  Miiller  and  Remak  upon  the  impregnation  of  the  on » 
fishes,  and  by  the  investigations  of  Leuckart,  Leydig,  and  Meisiocrf 
upon  the  eggs  of  insects,  mollusks,  and  some  of  the  radiata. 

These  researches  establish  the  fact  of  the  existence  of  one  or  non 
pores  or  tubes  passing  through  the  coriaceous  envelope,  and  openiDg 
upon  its  interior.  Leuckart  has  shown  that  these  pores  are  charac- 
teristic of  all  insect  ova.* 

In  July,  1854,  Dr.  Ransom  made  some  very  important  obsem- 
tions  upon  the  ova  of  the  stickleback,  and  demonstrated  the  exift- 
ence  of  a  funnel-shaped  depression,  pierced  by  a  canal,  which  paa^s 
through  the  chorion  in  the  unimpregnated  ovum.  This  is  the  mien- 
pyle^  through  which  the  spermatozoa  pass  to  the  interior  of  the  otol 
^^  In  the  act  of  impregnation,  one  or  more  (as  many  as  four  hare 
been  seen)  spermatozoids  pass  into  the  microplye.  Actively  monDg 
spermatozoids  may  remain  in  contact  with  tne  chorion  for  eighteeD 
minutes  at  least  without  producing  any  sensible  change  in  the  OTom. 
provided  none  of  them  enter  the  micropyle ;  but  when  one  is  Ken 
to  enter,  in  about  a  quarter  of  a  minute  a  change  is  observable."t 

Dr.  Ransom  has  found  the  micropyle  in  all  the  fresh-water  fishes 
which  he  could  obtain. 

The  existence  of  the  micropyle  in  the  mammalian  ovum  has  not 
yet  been  satisfactorily  proved.     Remak,  however,  regards  certain 
'  streaks  existing  in  the  zona  pellucida  as  pores  or  micropyles  throngb 
which  the  spermatozoa  may  pass. 

Changes  in  the  Ovum  immediately  succeeding  Impregnation.— Tm 
period  of  time  at  which  the  ovum  leaves  the  ovary,  and  passes  into 
the  Fallopian  tube,  varies  considerably  in  different  animals ;  some- 
times it  occurs  within  a  few  hours  after  impregnation,  while  in  other 
instances,  days,  or  even  weeks,  may  elapse  between  the  time  of  c  'iti; 
and  the  escape  of  the  ovum  from  the  Graafian  follicle.  In  the  'i.;. 
the  ovum  may  sometimes  be  found  in  the  Fallopian  tube  wi;)i:n 
thirty-six  hours  after  coitus,  and  at  others,  not  until  ten  or  t»clve 
days  afterwards.  In  the  roe-deer,  four  months  are  said  to  elapr^e 
between  the  act  of  imprefijnation  and  the  escape  of  the  ovum,  acoori- 
ing  to  the  observations  of  M.  Pockels.  About  the  time  tlmt  ib: 
ovum  leaves  the  ovary,  the  cells  of  the  menibrana  granulosa  injin^ 
diately  surrounding  it  undergo  a  curious  change  of  form,  beconilrij 
club-shaped;  their  pointed  extremity  being  attached  to  the  z.nj 
pellucida,  by  which  a  stellate  appearance  is  produced  (fig.  271,  f- 
Each  cell  contains  a  nucleus;  and  the  ovum,  with  these  railiatin: 
cells,  presents  a  stellate  appearance.  The  cells  afterwards  become 
round,  and  disappear  about  the  time  that  the   ovum   reaches  i^ 

*  Mullor's  Arcliir.,  ISoo. 
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vtenifl,  except  in  tbe  case  of  the  rabbit,  where  Biscboff  has  observed 
that  they  are  lost  as  soon  as  it  enters  the  Fallopian  tube. 

Soon  after  the  escape  of  the  OYum  from  the  follicle,  and  in  some 
instances,  even  before  this,  the  germinal  Teside  disappears.  Accord- 
ing to  the  observations  of  some  observers,  amongst  whom  may  be 
mentioned  Barry  and  Wagner,  the  germinal  vesicle  is  the  seat  of 
cell- formation.'*'  The  nature  of  the  earliest  changes,  however,  are 
verv  obscure.  Eventually,  two  cells  result,  which  are  destined  to 
undergo  subsequent  division  and  subdivision. 

As  the  ovum  passes  along  the  Fallopian  tube,  it  increases  some- 
what in  size ;  the  yolk  becomes  of  firmer  consistence,  and  shrinks  a 
little,  so  as  to  leave  a  cavity  between  it  and  the  zona  pellucida,  which 
18  occupied  with  a  clear  fluid.  The  original  vitelline  membrane  itself, 
according  to  Dr.  Barry,  disappears  by  liquefaction.  The  external 
investing  membrane  seems  to  be  derived  from  the  mucous  membrane 
of  the  Fallopian  tube,  and  it  is  this  which  at  length  becomes  deve- 
loped into  the  chorion. 

Dr.  Ransom  deaeribes  the  cbanges  in  the  jolk  immediately  resulting  from  impreg- 
BAtionin  the  stickleback's  egg,  as  follows:  '*Aboat  fifteen  or  twenty  minutes  after 
impregnation,  a  remarkable  and  more  Tifid  contraction  begins,  eaasing  the  yolk  to 
p«M  trough  a  series  of  resalarly  recurring  forms.  The  contraction  begins  on  one 
side,  near  the  equator,  and  soon  forms  a  circular  constriction,  which  giyes  the  yolk 
the  figure  of  a  dumb-bell,  the  longer  axis  of  which  is  the  polar  axis  of  Sie  egg.  The 
constriction  travels  towards  the  germinal  pole,  and  next  produces  a  flask-shaped  figure : 
this  is  at  length  lost  by  the  constriction  passing  on,  and  the  round  form  is  regained  in 
about  a  minute.  This  wave  reappears,  and  travels  forward  again,  without  any  dis- 
tinct period  of  rest;  and  I  have  seen  these  movements  continue  for  forty-five  minutes, 
though  towards  the  latter  part  of  this  period  they  are  less  distinct  and  more  limited 
in  extent.  The  germinal  mass  itself,  during  these  contractions,  whieh  strongly  re- 
semble the  peristaltio  movements  of  the  intestine,  undergoes  changes  in  form,  and  has 
inereased  in  bulk  and  distinctness.  These  movements  are  unaffected  by  weak  galvanic 
currents.  Cleavage  begins  in  about  two  hours  after  impregnation :  no  embryonic  ceU 
was  observed  before  it  began,  nor  in  any  of  the  cleavage  masses." 

Ratatum  of  the  ToUc. — ^At  a  very  early  period  after  impregnation, 
Bischoff  has  observed,  in  the  ovum  of  the  rabbit,  guinea-pig,  and 
some  other  animals,  the  very  interesting  phenomenon  of  the  rotation 
of  the  yolk.  The  movements  were  of  a  regular  rotatory  character, 
and  were  produced  by  the  active  vibration  of  exceedingly  delicate 
cilia,  which  had  become  developed  upon  the  surface  of  the  yolk. 
This  interesting  movement  mav  be  observed  in  the  ova  of  frogs  and 
other  animals.  It  can  always  do  seen  in  those  of  the  common  water- 
snail  (LimncBU9  8tagnaUs)j  and  forms  a  most  interesting  object  for 
observation. 

CUav€Lge  of  the  Yolk. — Soon  after  the  ovum  has  become  impreg- 
nated, and  the  germinal  vesicle  has  disappeared,  the  yolk  of  the 
mammalian  animal  divides  into  two  large  cells,  and  each  of  these 
again  subdivides  into  two,  so  that  the  yolk  mass  now  consists  of  four 
cells,  which  soon  become  sixteen  in  number ;  these  sixteen,  thirty- 
two  ;  and  so  on,  until  at  last  the  yolk  consists  of  an  aggregation  of 

*  J.  MUller  has  shown  that  in  Entoehoncha  mbrabQia  (one  of  the  mollasca),  the  g«r- 
minal  vesicle  does  not  disappear,  but  forma  the  origin  of  the  embryonic  cell  in  the 
cantre  of  the  yolk. 
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In  th«  numniklia,  it  la  the  flrtt  of  thcM  thra*  modet  wbioli  it  followed.  The  eutir* 
yolk  diTidcB,  its  partiolea  aoUeeting  tlieioMWeB  round  cells  reaolting  from  the  diTiuoD 
of  the  embr7»-oeU,  nntlt  the  ^oik-membrane  appeui  to  b«  antiTelj  oocnpiad  by  gnnn- 
Ur  ooDtanti ;  in  tbis  ittge  it  ia  often  termed  Uie  '■  mulberr;  mut.'' 


»  Snt  tiai  tgarm  u*  an 


Formation  of  Bltutodermie  Venule,  or  Germinal  Jifembrane. — 
About  the  time  that  the  otdid  reaches  the  oteniB,  the  Begmentation 
IB  complete,  and  in  its  general  appearance  it  mnch  reaemblea  the 
orarian  ovam  ;  bnt  according  to  Bischoff,  npon  careful  examioation, 
it  is  found  that  the  apparently  granular  mass  is  really  aggregated 
into  minute  spherical  masses,  in  the  centre  of  each  of  which  is 
situated  a  clear  vesicle.  Soon  each  of  these  eoUectioDS  of  granules 
becomes  anrraunded  with  an  inresting  membrane,  ao  that  cells  are 

Rg.  271. 
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formed,  the  nuclei  of  which  are  represented  hj  the  clesr  central 
Tesicle.  The  more  peripheral  cells  are  first  formed,  and  these  from 
matual  pressure  assume  a  pentagonal  or  hexagonal  form  ;  they  be- 
come flattened,  and  united  together  at  their  margins,  like  parement 
epithelium.  The  same  process  takes  place  in  the  interior  of  the 
yolk-mass,  and  as  the  cells  are  formed  they  pass  towards  the  surface, 
and  thus  the  thickness  of  the  layer  first  produced  becomes  increased. 
A  clear  fluid  only  occupies  the  central  part  of  the  yolk.  Thus,  after 
the  termiaation  of  the  cleavage  process,  a  membrane  composed  of 
oella  is  formed  within  the  lona  pellucida,  which  Bisehoff  has  termed 
the  "  blattodermie  veaiele."  Soon  after  the  formation  of  this  mem- 
brane, bnt  not  until  it  has  increased  in  thickness  by  the  addition  of 
new  cells  npon  its  inner  surface,  formed  from  the  contained  yolk- 
mass,  an  opaque  roundish  spot,  consisting  of  cells  and  nuclei,  makes 
its  appearance  at  one  spot.  It  is  in  this  space,  or  "  area  germinativa," 
that  the  first  traces  of  the  embryo  appear ;  and  it  is  developed  npoa 
the  surface  of  the  "  germinal  membrane,"  or  "  blastodermic  vesicle," 
being  covered  only  by  the  lona  pellncida.  Aa  occurs  in  the  bird's 
egg,  the  germinal  membrane  soon  becomes  divided  into  two  layers : 
an  exUmat  or  "  teroua  layer"  or  animal  layer,  in  which  the  braia 
and  nervous  system  and  different  organs  of  animal  life  are  developed ; 
and  an  internal  "mueoia"  or  vegetative  lager,  from  which  the  ali- 
mentary canal  and  organs  of  vegetative  life  take  their  rise. 

At  the  same  time  that  these  changes  are  taking  place  in  the  in- 
terior, the  albuminous  layer  on  the  external  aorface  of  the  ovum 
coalesces  with  the  sooa  pellncida,  forming  a  aingle  membrane,  from 
which  the  chorion  is  formed,  or,  as  maintained  by  Dr.  Barry,  the 
zona  pellucida  is  first  removed,  and  a  completely  new  investing  mem- 
brane produced. 

formation  of  Deeidua. — -Besides  the  changes  which  occur  in  the 
ovum  immediately  after  conception,  which  result  in  the  formation  of 
the  embryo,  and  the  development  of  a  new  covering  termed  the 
ehorvm  npon  its  external  surface,  alterations  of  another  order  arc 


f»)feB8or  Goodsir,  the  greatl;  increased  tluckneaa  of  the  membrane 
is  dae.  In  the  mnoons  membruie  of  the  nteroB  of  the  biteh,  Dr. 
Sharpey  has  described  two  distinct  kinda  of  glands,  one  simple  and 
the  other  componnd.  The  openingB  of  both  these  forms  of  glands 
nay  be  readily  seen  npon  the  sarface  of  the  mncons  membrane ;  and 
tbey  soon  increase  in  dimensions,  in  order  to  receire  the  foetal  pro- 
oesses  of  the  chorion,  which  are  covered  with  epithelium,  similar  to 
that  lining  the  follicle.  Immediately  before  the  large  compoo&d 
glands  open  npon  the  surface,  Dr.  Sharpy  describes  their  tnbe  as 
forming  a  dilatation  or  cell,  into  which  a  foetal  process  of  the  chorion 
is  receired.  At  the  bottom  of  this  cell 
the  doet  may  be  seen;  and  as  it  passes  ^'v-  ^^ 

towards  the  deep  anrfaoe,  it  is  observed 
to  form  the  branched  compoand  gland. 
At  parturition,  the  vessels  of  coarse 
oome  away  with  the  decidual  mem- 
brane, as  well  as  the  cells  just  referred 
to,  but  the  ducts  and  branching  termi- 
nations of  the  glands  remain  behind. 
From  this  arrangement  it  follows  that, 
in  the  bitch,  the  secretion  elaborated 
from  the  system  of  the  mother  by  the 
agency  of  these  glands  is  brought  into 
close  contact  with  the  vessels  of  the 
fcEtus,  and  afterwards  absorbed  by  them.    '      ' 

In  the  human  decidua,  the  openings  of  the  glands  may  be  distinctly 
Men,  and  their  epithelial  lining  readily  traced.  The  tubes  can  be 
followed  through  the  membrane ;  in  fact,  from  ' 
numerous  observations,  there  oan  be  no   doubt  Fig.  271. 

that,  like  the  decidual  membrane  in  the  biteh,  the 
human  decidua  consists  really  of  the  altered  mn- 
oons  membrane  of  the  uterus. 

Leydig  has  seen  ciliary  motion  in  the  uterine 
glands  of  the  sow. 

Kext  we  have  to  consider  how  it  is,  that  the 
ovnm  becomes  covered  with  the  decidual  mem- 
brtme.  Dr.  W.  Hunter  looked  upon  the  decidua 
as  a  closed  sao,  separating  the  uterine  cavity  from 
the  openings  of  the  Fallopian  tabes.     When  the 

ovnm  descended,  he  supposed  that  it  pushed  the      

decidua,  as  it  were,  before  it,  and  thus  became  tnun  »»  >n.r  im- 
Govered  in  the  same  manner  that  the  viscera  are  pli^'^iSiovi^  ^^A 
invested  with  peritoneum  ;  and  hence.  Dr.  Hunter  SlJl^jJ^  hi"*r^t 
termed  that  portion  of  decidua  covering  the  ovum,  "T^J.  ,'•  .7^^  "? 
decidua  Tefiexa,  while  that  lining  the  uterus  was  n^b*  rrom  wMck  uw 
called  decidua  vera.  As  the  ovum  increased  in  ut^'^^a^^^^"^ 
size,  that  part  of  it  towards  the  Fallopian  tube, 
which  of  course  remained  uncovered  by  the  reflexs,  at  length  received 
a  covering,  which  was  termed  decidua  terotma. 

Decidua  Refiexa. — Since  the  time  of  Dr.  W.  Hunter,  mocb  difler- 


Fig.  271. 

I 
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CHAPTER  XLL 

OK  THB  DSYELOPMBST  OF  THE  EMBRYO— EARLY  CHANGES  IN  THE 
bird's  OVVU — AREA  PELLUCIDA,  AREA  GERMINATITA,  AREA  YAS- 
0UL08A — SEROUS  AND  MUCOUS  LAMINJB  —  INYE8TING  MEMBRANE 
AKD  MEMBRANA  INTERMEDIA  OF  REICHERT  —  CHANGES  IN  THE 
MAMMALIAN  OVUM — PRIMITIYE  STREAK — FORMATION  OF  DORSAL 
AND  YENTRAL  LAMINJB  —  FORMATION  OF  THE  AMNION  — 
BRANCHIAL  FISSURES  AND  ARCHES  —  HEART  AND  LARGE  ARTE- 
RIES—ALLANTOIS — ^DBYELOPMENT  OF  THE  HUMAN  EMBRYO. 

In  the  last  chapter  we  described  the  earliest  changes  resnltiDg 
from  impregnation,  and  traced  them  ap  to  the  formation  of  the  ger- 
minal membrane,  and  the  first  appearance  of  the  embryo.  We  have 
now  to  consider  the  manner  in  which  the  development  of  the  embryo 
takes  place,  and  the  mode  in  which  the  different  organs  are  evolved. 
It  will  be  most  convenient  to  describe,  as  briefly  as  possible,  the 
earliest  changes  occurring  in^the  bird's  egg,  in  the  first  instance,  and 
then  to  consider  the  development  of  the  mammalian  ovum,  and  that 
of  the  human  subject. 

£arljf  Changes  in  the  Bird*t  Ovum. — In  considering  the  nature 
of  the  earliest  changes  in  the  egg,  resulting  from  impregnation,  but 
which  are  dependent  for  their  commencement  and  continuance  upon 
a  temperature  varying  from  95^  to  104^  F.,  we  must  premise  that 
the  Yolk  of  the  bird's  egg  consists  of  two  distinct  portions,  one 
which  undergoes  segmentation,  and  alone  takes  part  in  the  formation 
of  the  embryo^^Ae  germ-yolk  ;  the  other,  and  by  far  the  larger  por- 
tion, does  not  undergo  segmentation,  and  takes  no  part  in  the  forma- 
tion of  the  germ,  but  provides  the  pabulum  for  its  development  and 
nutrition,  whence  it  is  termed  the  food-yolk. 

Area  Pellueida^  Area  Qerminativa^  and  Area  Vaeculoea. — A  few 
hours  after  the  egg  has  been  exposed  to  a  hatching  heat,  it  will  be 
found  that  the  germ  has  become  less  adherent  to  the  vitelline  mem- 
brane. It  has  assumed  a  more  membranous  appearance ;  and  about 
the  sixth  or  seventh  hour,  a  clear  space  may  be  discerned  in  its  centre. 
This  increases  gradually,  until  it  is  about  a  line  in  diameter.  It  is 
called  the  area  peUuevia.  The  darker  and  more  granular  part,  ex- 
ternal to  the  area  pellncida,  is  the  area  germinativa^  in  which  may 
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Portion  of  germioAl  membrane  abont  the 
■izteenth  hour  of  Inenbatlon.  a.  Germinal 
membrane,  b.  Area  raaenloaa.  e.  Area  pelln- 
elda.    d.  If  Ota  primltiTa  or  embrjo. 


urea  pellucida,  which  lies  in  the  transyene  axis  of  the  egg,  appears 
%  line,  thicker  at  one  extremity  than  the  other.  This  is  the /r«t 
)raee  of  the  embryo,  and  is  called  the  primitive  streak  or  the  nota 
nimitiva. 

About  the  third  day  of  inoabation,  on  each  side  of  the  primitive 
ilreaky    appear    two    ridges    or 
srests,  which  are  termed  laminae  F»«-  276. 

ioT%ale%.  These  gradually  arch 
>Yer,  and  at  length  inclose  the 
brain  and  cord.  The  chorda  dor- 
lalis  occupies  a  position  under- 
neath the  spinal  cord,  and  appears 
18  a  thin  gelatinous  thread,  which 
sorresponds  to  the  axis  of  the 
bodies  of  the  vertebrse,  which 
latter,  however,  are  not  formed 
from  the  chorda  dorsalis,  but  are 
developed  from  a  double  row  of 
Four-sided  white  spots,  or  verte-^ 
Wal  plateSj  arranged  symmetri- 
oally  on  each  side  of  the  central 
fihorda  dorsalis.  Passing  down- 
wards from  the  dorsal  laminae,  on 
each  side  are  the  ventral  laminae^  which  tend  to  inclose  a  space 
below  the  chorda  dorsalis,  like  that  inclosed  by  the  daraal  laminae 
above  it.  The  former  contains  the  large  vessel  of  the  trunk  (fi^, 
277);  the  latter  the  central  organs  of  the  nervous  system.  In 
this  way  are  produced  the  haemal  arch  and  the  neural  arch  of  the 
rertebrse. 

Soon  the  embryo,  and  that  portion  of  the  germinal  membrane 
immediately  connected  with  if,  become  somewhat  raised ;  the  embryo 
itself  taking  the  form  of  a  boat  with  its  concave  surface  downwards. 
This  is  the  first  appearance  of  a  visceral  cavity,  bounded  by  the 
ventral  laminae,  in  which  the  ribs  and  the  transverse  processes  of 
the  vertebrae  are  formed. 

That  part  of  the  most  superficial  layer  of  the  germinal  membrane, 
or  aeroua  lamina^  immediately  surrounding  the  embryo,  forms  a  pro- 
minent fold  which  soon  rises  above  the  surface.  According  to 
Reichert,  however,  the  fold  is /armed  from  the  most  superficial  layer 
of  the  memhrana  intermedia^  and  is  only  covered  by  the  investing 
membrane.  Each  fold  approaches  that  on  the  opposite  side,  until, 
by  their  approximation  and  communication,  a  shut  sac  is  formed,  into 
which  fluid  is  poured.  In  this  fluid,  the  embryo  floats.  Its  open 
ventral  surface  gradually  becomes  closed,  until  at  last  it  is  connected 
with  the  yolk  only  by  means  of  a  very  narrow  pedicle  or  cord 
iMmbilical  cord)^  which  consists  of  a  narrow  tube  passing  from  the 
intestine  to  the  yolk,  with  certain  vascular  trunks,  through  which  the 
nutritive  matter  absorbed  by  the  vessels  ramifying  upon  the  surface 
of  the  yolk  is  carried  to  the  embryo.     Of  this  attenuated  cord  con- 


A*  MilnTo  inlih  O*  yolV  eac  or  t 
gpiKk  mt  MM  length  iMrewer.  Thus  is  formed  tlie  aoiMM,)* 
«Udi  m  AaU  luva  to  iHadttnore  particularly  in  Chapwr  XLDL 
Bach  tnmmB  of  th«  moit  important  rbanges  occurring  tmif 
A»  MriiMl  |wriod  of  iMalwtion  in  the  chick.  We  shall  ■(»«»■ 
■idar  the  Ditsro  of  thoie  whiob  take  place  tn  the  munmaliu  mm. 

Ohihob  IV  tEn  Mammalian  Ovcm. 

The  essentUl  changefl  wbieh  nwDifeet  thenMlTes  ia  Aa  orij 
period  of  the  development  of  the  nMimmliMt  eaibije  an  mj 
■imilar  to  those  whieh  we  have  brieflj  dceeribed  •■  iieiwiiiii  m m 
hird'a  egg ;  hot  in  oonaeqaence  of  the  null  aBoant  of  jeu  a  Ifa 
former  eompued  with  the  Utter,  sad  therelbr*  tb»  |  ~  *  * 
eneo  of  tite  eobrjo  for  ite  nntritioa  ^ob  irtewJ 
diffgrenoee  are  ohaerved  is  the  derdopieBt  of  tlM  i 

It  hu  heen  ilreedy  stated  (p.  8B71  that  fey  «U  tin*  Oia 
lien  oram  hat  reaohed  the  ntenia,  ue  piopmm  off  I 
eomplflte.  It  is  also  paler  and  man  tfaBi^an 
Tsuele  had  disappeared  preriotts  to  Kpuntatit  .  . 
eontenta  beeome  mixed  np  with  the  nmuiM  of  die  jalk,  ttwm 
eeH-fonnationi  primarily  nmh  Cram  il^Jiaaaofejat  hammmimii 
detemined. 

Bt  the  aggr^atioB  of  odla  npsv  th*  ■imfwii  of  th«  yslk,  ssalrf 
mstmiraiie,  composed  of  pentagonal  eelli  with  mmin  is  fsrmsiwidii 
the  »>na  pdhieida,  or  yolk-memhrane.  This  ie  ealled  the  Ui*- 
dertnie  vesiele,  and  in  its  mode  of  fonnation  nearlj  oorrospaaAti 
the  germinal  monbrsDe  of  the  bird's  s{^. 

The  ehorion,  or  oatermost  membrane  WTeetinir  the  onm,  is  fond 
bv  the  gradaal  ooalescence  of  the  sooa  pellaeiaa,  and  the  lajer  «f 
albamiDooa  material  with  which  it  b  covered.  The  eherioo  ii  il 
first  smooth,  hot  villi  are  sobseqaeiitly  developed  all  otoe  ita  aarfM. 
Beneath  the  ehorioo  is  the  blastodermio  vesiele,  whidi  gradeally  ■■ 
creases  in  thickness  hj  the  growth  of  new  cells  upon  its  intenil 
surface. 

In  consequence  of  the  great  difficolty  experienced  in  procnriie 
hnman  ora  at  a  very  early  period  in  a  perfectly  aormal  state,  aid 
in  Bu£Scient  number,  physiologists  hare  been  compelled  to  msk* 
direct  obserTations  upon  the  lower  animals,  and  to  aasame  that  ■ 
series  of  changes  precisely  similar  takes  place  in  the  human  otui. 
an  inference  which  has  been  of  late  years  fully  justified  by  direct 
observation.  In  discussing  tbis  part  of  our  subject,  we  shall,  tberfr 
fore,  infer  that  the  early  embryonic  changes  occur  in  a  similar  ordefi 
and  are  of  the  same  essential  obsracter  in  all  mamnaalia,  except,  of 
coarse,  trith  reference  to  the  precise  period  at  which  they  take  pbcc^ 
which  necessarily  difiers  in  various  animals,  accordioD  to  the  dsra- 
tioQ  of  pregnancy.  For  much  that  we  know  of  the  development  cf 
the  mammali&a  ovum,  we  are  indebted  to  the  beaatiful  researches  of 
Bischoff  upon  the  ova  of  the  dog,  rabbit,  guinea-pis,  and  deer. 
Primitive  Streak. — At  a  period  varying  from  Ue  twelfth  to  tkt 
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uxteenth  dsj,  tho  dog's  OTam  usDmes  a  more  oval  form.  It  u 
•bout  three  lines  in  length,  and  about  a  line  and  a  half  in  its  short 
diameter.  Its  external  surface  is  as  jet  perfectly  smooth,  for  none 
of  the  tufta  or  villosities  of  the  chorion  are  developed.  The  central 
dear  space  (area  pellucida  or  germinativa)  is  seen  to  be  snrronndcd 
by  a  darker  circle,  which  eTentoall;  becomes  the  vtucttlar  area. 

In  the  centre  of  the  clear  apace  a  line  is  soon  obserred.  This  is 
the  first  trace  of  the  embrjo,  the  primitive  ttreak,  which  appears  in 
the  form  of  a  straight  white  line,  or  very  shallow  groove.  It  lies 
across  the  short  axis  of  the  ovum,  and  therefore  occupies  a  position 
precisely  similar  to  the  embryo  chicle. 

The  primitive  streak  is  formed  in  the  serous  or  animal  layer  of 
tbe  germinal  membrane,  beneath  the  invetting  membrane  of  Rei- 
ebert.  Biachoff  haa  shown,  that  in  the  mammalian  ovum  the  germi* 
nal  membrane  becomes  divided  into  two  Umine,  as  in  the  chick. 

Fig.  278. 
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irwlH.   X.  PrimiUn  inot.    ll*«Blfl«d 


The  external  lamina  ia  the  serous  or  animal  layer,  and  the  internal 
one  is  the  mucons  or  vegetative  layer.  The  middle  layer,  or  mtm- 
Irana  intermedia,  described  by  Beichert,  has  already  been  alluded 
to  in  page  864,  but,  according  to  Bischoff,  is  not  to  be  detected  in  the 
mammalian  ovum. 

Formation  of  Dortal  and  VerUral  iamina!.— In  a  short  time  tbe 
cephalic  extremity  becomes  enlarged,  and  the  entire  embryo  of  » 
ggitar-ahape  in  its  general  outline.  As  soon  as  the  primitive  groove 
n  formed,  two  oval  folds  are  seen  to  rise  np  on  each  side  of  it  from 
the  eerooB  laminfe  {a,  fig.  276).  These  are  tbe  lamina  doraaUt, 
which  gradaally  approximate ;  and  the  groove  between  them  becoaies 


8«8 

COD  verted"  mtoSTjafiaf^^ich  containB  the  '^^^^mgS^^^ff 
liervoiiB  Bjstem. 

Reichert  supposes  that  tho  laminsB  dorsales  actually  take  part  in 
the  formation  of  the  central  parts  of  the  nervous  eyatem ;  bat  Ba- 
choff  considers  that  they  represent  the  dorsal  portion  of  the  nebja, 
Bnd  that  the  nervous  system  is  developed  from  their  lower  and  niMi 
part  only.  About  this  ticQe  a  few  small  square-shaped  plate*  ufa 
their  appearance  in  the  central  portion  of  each  dorsal  lamina.    Then 


pUtfls  ure  the  fint  ntdiments  of  ft«  vertabn. 

taHtf  a  Btriiotiin  whiok  snala  ptmuutentlj  in  the  knrar  iMrtll||^Mi 


'-^^' 


of  platM,  InktUiiilr 


tinpous  with  the  lamine  dorsaleB.  ,  r  „---  — 

nltimately  inclose  the  anterior  portion  of  the  embryo. 


marked  in  tiie  i 
lun  OTUin  H  it  M  in  tk 
embiTV  frt^  or  fiili,  vUb 
in  the  lowert  eutO^ 
none  fishes,  u  die  mjt- 
ine,  the  lamprej,  w 
others,  it  is  pemsteit 
The  two  pifttes  of  oppo- 
site sides  gradually  ip- 
proximate,  and  nltinuttly 
coalesce,  icclndieg  !»• 
tween  them  a  portion  of 
the  chorda  dorsalis,  a  tem- 
porary stractnre,  which 
disappears  entirely  with- 
without  being  train- 
formed  into  any  mors 
permanent  texture. 

The  laminae  rtMeerab*, 

or    ventral    tamiate,  an 

also    developed    in    the 

serona    layer,  and   cmi- 

They  project  downwardB,  sad 
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In  the  anterior  dilated  extremitj  of  the  embryo  are  dereloped  three 
TMiclei,  from  which  the  different  parts  of  the  brain  are  ultimately 
•▼olred. 

JFormation  of  the  Amnion. — The  upper  layer  of  the  serons  lamina 
bMomes  raiiod  in  the  form  of  a  convex  ridge,  which  extends  entirely 
round  the  circumference  of  the  embryo.  This  ridge,  consisting,  of 
oourse,  of  two  layers  of  serous  lamina,  rises  up  gradually,  and  the 
two  portions  from  opposite  sidee  approximate  above  the  dorsal  sur- 
face of  the  embryo.  The  parte  of  the  fold  corresponding  to  the 
anterior  and  posterior  extremities  of  the  embryo  grow  faster  than 
other  portions,  and  soon  two  considerable  reduplications  are  formed. 
These  are  called  the  cephaOc  and  caudal  involucra.  The  embryo  is 
gradually  inclosed  by  these  two  layers,  which  meet  over  its  dorsal 
snrface,  and  at  last  coalesce.  Thus  is  formed  the  amnion  ;  and  the 
interval  between  the  inner  layer  and  the  embryo  is  the  amnionic 
cavity,  which  contains  a  fluid,  the  liquor  amnii.  The  two  layers, 
after  some  time,  become  united  into  one,  except  at  the  points  where 
they  are  separated  by  the  allantois  and  umbilical  vesicle,  forming  the 
single  amniotie  membrane,  which  lies  within  the  chorion.  The  outer 
layer,  however,  is  separated  from  the  inner  snrface  of  the  chorion 
by  a  quantity  of  viscid  albnminons  matter,  which  is  sabaequently 
•tworbed. 

The  mode  of  formation  of  the  amnion  in  mammalian  ova  is,  there- 
fore, precisely  similar  to  that  of  the  chick,  according  to  Von  Baer. 
Beiohert,  however,  considers  that  it  is  formed  in  a  somewhat  differ- 
ent manner  to  that  above  described.* 


In  mammalia,  the  formation  of  the  amnjoo  occurs  at  a  very  early 
period,  usually  within  twenty-four  hours  after  the  first  appearance  of 
the  primitive  trace. 

Abont  the  twentieth  day  the  ovum  is  about  ten,  and  the  embryo 
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*  Hullw'i  Pbjidologr, 


bj  Dr.  Bkl7,  p.  16«2. 


r>g.  281. 


IB  between  three  anil  four  linea  in  leng^ 
are  beginning  to  make  their  appearance, 
selves  round  the  ovum.  That  portion,  he 
beneath  the  embryo  is  the  last  part  of  . 
appear,  while  the  two  ends  of  the  ovav 
uiioovereii  with  villi. 

By  this  time,  with  the  exception  of 
l&tninro  dorsalcB  have  coalesced,  and  tb 
creased  in  number.  The  position  of  th 
mined,  and  the  anterior  surface  of  the  bt 
in  by  the  convergence  of  the  ventral  /ai 
nnder  part  of  the  don«l  UniuB.  Afc )« 
tppeart  entirely  pinched  off  u  it  vera, 
the  yolk-sac  or  umbilical  fesicle  by  a  nai 
omphalo-enteric  duct. 

Branchial  Future*  and  Arches. — At 
fissures  and  three  visceral  arches  may  bi 
The  term  branchial  arch  is  a  had  oi 
that,  at  a  certain  perio 
the  higKer  vertebrata, 
only  structures  reprei 
of  fishes  are  branches 
ecending  aorta.  In  fi 
manent,  and  are  surta 
They  are  fire  in  nan 
there  are  six,  but  one  i 
the  amphibia  a  eimilai 
the  branchiic  waste  av 
its  adult  form.  Usua! 
arches  rctnain  in  repti 
and  man,  only  one  ia 
Heart  and  large  Ar 
.^  «-««rSPSiff)  the  heert  and  large  w 
?ift'"^*t'M*  "^'rTht  appears  firat  ia  the  ; 
:*iid  Ian  T*iiirici«;  g.  tuhe,  which  is  a  littl 
-.v^e*.  '1,°!?  s,°4,"<s.[^  comes  completely  ben 
iton'ih'wl^Jr™'  "  ment  of  the  heart  n 
from  the  beginning  of 
It  appears  between  the  mucous  and  aei 
•a*c,  terminating  in  two  of  three  branch 
Jit  this  early  period  even  rhythmical  n 
the  fluid  in  its  interior  is  at  this  time  i 
^vascular  trunk  immediately  after  its  ori) 
.into  funr  vascular  arches,  which  unite  ag 
vessel,  as  it  passes  down  close  to  the  S] 
'off  transverse  branches ;'  some  of  which 
terics,  lying  upon  the  duct  of  the  saro 
-yolk-men  b ran e,  upon  the  surface  of 
These  vessels  absorb  the  nutrient  consti 
tbeui  to  the  system  of  the  foetus.    Wii 
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they  form  a  network  over  the  umbilical  yesicle.  Their  arrangement 
will  be  more  fally  described  in  Chapter  XLIIL,  on  the  deyelopment 
of  the  membranes  of  the  fodtns. 

AllatUoii. — The  allantois  is  first  observed  as  a  little  solid  eminence 
composed  of  cells  upon  the  anterior  surface  of  the  caudal  extremity 
of  the  embryo  (figs.  279,  280,  g).  A  cavity  is  soon  formed,  which 
18  continuous  at  one  period  with  the  lower  part  of  the  intestine. 

The  allantois  grows  very  rapidly,  and  in  ruminants  soon  surrounds 
the  entire  foetus,  its  outer  surface  being  in  close  contact  with  the 
chorion ;  but  in  rodent  animals,  and  in  man,  its  chief  office  is  pro- 
bably that  of  conducting  the  vessels  of  the  foetus  to  the  chorion. 


Dbvklopment  ov  the  Human  Embrto. 

It  was  formerly  supposed  that  man,  in  his  development,  passed 
through  various  successive  stages,  each  of  which  was  said  to  have  its 
permanent  representative  among  the  lower  animals ;  but  a  doctrine 
80  obviously  untrue  has  long  since  ceased  to  have  any  supporters. 
Yon  Baer  showed  the  fallacy  of  such  a  statement ;  but  at  the  same 
time  proved  that  up  to  a  certain  period  of  development,  the  changes 
occurring  in  the  human  embryo  were  precisely  similar  to' those  which 
take  place  in  the  development  of  all  other  vertebrate  animals ;  that, 
for  instance,  up  to  a  certain  period  of  its  existence,  we  should  be 
unable  to  distinguish  the  embryo  of  man,  or  one  of  the  higher  verte- 
brata,  from  that  of  a  reptile  or  a  fish.  All  seem  to  be  developed 
upon  one  general  plan.  The  organs  ar8  evolved  in  the  same  order, 
and  the  organic  functions  in  the  manner  of  their  performance 
are  precisely  analogous.  After  this  point  has  been  reached,  how- 
ever, the  distinctive  characters  are  well  marked,  and  then  it  is  very 
easy  to  say  whether  the  embryo  is  to  assume  permanently  the  con- 
dition of  a  fish,  reptile,  bird,  or  mammal. 

One  of  the  youngest  human  ova  which  has  been  examined,  is  de- 
scribed by  Mr.  Wharton  Jones,  and  was  aborted  in  the  third  or  fourth 
week  after  impregnation.  It  was  about  the  siie  of  a  pea,  and  was 
probably  detached  at  a  somewhat  earlier  period.  Villi  were  seen  on 
one  side  only  of  the  chorion.  At  one  end  of  the  ovum,  lying  in  the 
midst  of  a  gelatinous  material,  was  the  germinal  vesicle,  but  the  em- 
bryo was  not  yet  visible  upon  it. 

Dr.  Allen  Thomson  has  examined  two  human  ova  at  a  somewhat 
later  period.  One  was  a  quarter  of  an  inch,  and  the  other  half  an 
inch,  in  diameter.  The  embryo  was  about  one  line  in  length  (fig. 
282).  It  lay  nearly  flat  upon  the  yolk-sac,  no  constriction  being  as 
yet  formed.  The  dorsal  laminae  were  distinct,  and  had  not  yet  united 
together.  There  was  neither  allantois  nor  amnion.  This  ovum  was 
examined  about  fifteen  days  after  conception. 

MM.  Pockels  and  Coste  have  had  an  opportunity  of  examining  an 
ovum  about  this  period,  in  which  the  umbilical  vesicle  and  allantois 
were  leen  very  distinctly.  The  embryo  lay  in  the  amniotic  fluid ; 
but  the  allantois  had  not  yet  become  connected  with  the  inner  sur- 


fftoe  of  the  chorion.     In  another  embrj 

Tbomeon,  &bout  five  or  six  weeks  after  ( 

attach 

Pig.  282. 


MTver  va.a  two  and  a  half  Ymt 
Been  cIobcI;  applied  to  it.  There  were 
Bures  and  arches.  The  age  of  this  emb 
rablo  certainty  to  he  about  twenlj-five  d 

Several  human  ova  have  been  subjccti 
different  observers,  between  three  and  fi 
considered  to  be  in  a  normal  state,  an 
ranee  of  uiy  morbid  ohioge.  At  this  ti 
lines  in  length,  uid  the  embiTO  not  loon 
by  an  amnion  which  adherfls  to  it  prd 
already  oovered  with  nnall  villi.  Betm 
is  a  eonaiderable  qoandty  of  a  Tisdd 
embryo  ia  eorred.  The  anterior  eerehi 
and  immediately  behind  them  an  the  i 
mina.  The  ppaitions  of  the  ophthalmi 
indicated.  Three  or  fonr  visceral  arcbei 
figgares  between  them.  The  heart  is  w 
jects  from  the  anterior  surface  of  the 
anterior  and  pogterior  eitremities  exist  i 
appendageg.  The  abdomen  is  complet 
reflected  over  the  anterior  and  poaterii 
to  form  the  cephalic  and  caudal  involnc 

The  heart  is  large,  and  consiats  of  a 
£ehind  the  heart  is  seen  the  liver,  bi 
intestine,  attached  by  its  mesentery, 
large  as  the  embryo,  and  it  is  connected 

f>edicle,  the  ductus  omphalo-entericut. 
ying  between  the  chorion  and  amnion 
with  the  vessels  which  accompany  it, 
the  umbilical  cord,  enveloped  by  the  am 
»  tube  inclosing  these  structures. 
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trhlEh  eoupoH  tb«  umblllrml  ord,    c,  FailliaiKif  AlI&Btoli  vlth  HuTweli  npon  U  vfaLoh  mmlfy  la 
Out  part  tl  tk«  ehorton  whsn  tha  pLutBU  It  d«T*iii)Md.    4.  DnbUlisI  Tt^d*  wltk  lu  unw 

KeJd  AAd  tnukj  ot  amphftlo-iD«B«Dl(rtc  vaueli  fpr««l  out  npoD  lu  inrfUa.  i.  Th*  pqlil  M  wUah 
•H  Into  the  UlsiUn.  /.  Corpan  WolOiu.  a.  LItv.  V  Bout.  <.  RodlBeBti  if  ut*ilaF : 
andtndtMMUkrrpoMntor  *xl»ia[UH.  L  Brmnetikl  Aunm  ud  Tl*«nl  uAu.  ■>.  CiTiaa  (f 
>a«  ud  asBth  »t  tM  MpwM^    H.  SsdlncBUiT  ST*,    g.  RgdlmeDU  oftu.    AltarCoiM. 
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consists  merely  of  the  appropriation  of  new  material  by  structures 
already  formed.  The  further  development  of  the  different  textures 
gradually  takes  place,  and  the  various  organs  assume  their  perma- 
nent character,  until,  about  the  seventh  month,  the  foetus  has  attained 
a  length  of  sixteen  inches  or  more,  and,  under  favourable  circum- 
stances, its  life  may  be  preserved  if  it  be  born  at  this  early  period. 
The  testicles  descend  about  the  eighth  month. 

By  the  end  of  the  ninth  month  the  foetus  has  attained  the  length 
of  eighteen  or  twenty  inches.  The  head  is  covered  with  hair,  and 
the  skin  becomes  invested  with  a  soft  pultaceous  substance,  the  vernix 
eoMeosay  which  consists  of  cells  of  epidermis,  with  a  considerable 
quantity  of  oily  material.  The  membrana  pupillaru  is  absorbed. 
I>uring  the  latter  months  of  pregnancy,  the  child  lies  in  utero,  with 
its  head  downwards,  the  position  in  which  birth  takes  place. 

The  student  is  referred,  for  farther  information  upon  the  subjects  treated  of  in  the 
present  chapter,  to  the  works  enumerated  at  the  end  of  Chapter  XL.,  and  to  the  fol- 
lowing: Reiohert*8  Observations  on  the  Development  of  the  Chick,  in  Mailer's  Phy- 
siology, translated  by  Dr.  Baly ;  Bischoff*s  iM onographs  on  the  Development  of  the 
Dog  and  Ouinea-pig ;  De  Qraaf,  Opera  Omnia ;  Von  Baer's  Entwickelungs-geschichte ; 
Dr.  Thomson,  in  the  Edinburgh  Med.  and  Surg.  Journal,  No.  140 ;  Wagner,  Icones 
Physiol. ;  Article  "Ovum,"  in  Uxe  Cydopsedia  of  Anatomy  and  Physiology,  by  Dr.  AUen 
Thomson. 


CHAPTER    XLIL 

OK  TUB  DEVELOPMENT  OF  THB  DIFFERENT  OROANS. — DEVELOPMENT 
OF  THB  SPINAL  COLUMN. — OF  THE  FACE  AND  VISCERAL  ARCHES. — 
DEVELOPMENT  OF  THE  NERVOUS  SYSTEM. — OF  ORGANS  OF  VISION 
AND  HBARINQ. — DEVELOPMENT  OF  THE  HEART  AND  AORTIO  ARCHES. 
— OF  THB  ANTERIOR  VENOUS  TRUNKS.— OF  THB  LUNGS. — OF  THB 
THYROID. — DEVELOPMENT  OF  THB  ALIMENTARY  CANAL. — OF  THB 
LIVER  AND  PANCREAS. — OF  THE  SPLEEN. — DEVELOPMBNT  OF  THB 
WOLFFIAN  BODIES  AND  KIDNEYS. — OF  THE  SUPRARENAL  CAPSULBS. 
— OF  THB  ORGANS  OF  GENERATION. 

In  the  present  chapter  we  have  to  consider  the  mode  of  develop- 
ment of  the  most  important  organs  of  the  body ;  but  we  do  not  pro- 
pose to  enter  further  into  the  process  of  development  of  the  separate 
tissues,  as  this  part  of  the  subject  has  been  already  treated  of  in  the 
preceding  chapters  npon  the  anatomy  of  the  different  organs. 

Development  of  the  Spinal  Column, — In  man  and  the  higher  ver- 
tebrata,  the  spinal  column  is  composed  of  a  number  of  distinct  and 
separate  segments,  which  are  connected  together  by  the  intervention 
of  a  fibrous  material.  This  gives  to  the  whole  column  a  considera- 
ble amount  of  mobility.  In  the  lower  fishes,  however,  no  such 
division  exists ;  and  in  the  place  of  numerous  vertebrse  we  have  a 
continuous  mass  of  a  soft  consistence  running  through  the  whole 
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length  of  the  animal,  and  known  as  the  Chorda  DanaUi.  The 
material  of  which  this  is  composed  is  the  simplest  form  of  cartilage, 
consisting  entirely  of  a  number  of  large  cells,  without  the  interposi- 
tion of  any  matrix  or  intercellular  material  between  them.  In  the 
embryonic  condition  of  all  vertebrate  animals,  we  meet  with  a  chorda 
dorsalis  entirely  composed  of  cells,  and  possessing  similar  characters 
to  the  permanent  chorda  dorsalis  of  the  cartilaginous  fishes.  It  is 
seen  as  a  faint  streak  at  the  bottom  of  the  primitive  groove.  Above 
it,  the  central  organs  of  the  nervous  system  are  formed ;  and  imme- 
diately beneath  it,  is  the  great  artery  of  the  body,  with  the  viscera. 
At  the  anterior  and  posterior  extremities  of  the  embryo,  the  chorda 
dorsalis  tapers  to  a  point.  In  its  earliest  condition,  it  is  composed 
of  a  perfectly  clear  gelatinous  material,  in  the  anterior  extremity  cf 
which  cells  soon  make  their  appearance,  and  increase  in  number  un- 
til the  whole  becomes  cellular.  It  is  surrounded  by  a  delicately 
fibrous  sheath ;  external  to  which  the  blastema,  which  gives  rise  to 
the  development  of  ossifying  cartilage,  is  deposited.  In  this  situa- 
tion, after  a  time,  cartilaginous  rings  make  their  appearance,  and 
merge  by  insensible  gradations  into  the  fibrous  sheath.  The  fibrous 
structure  gradually  disappears,  and  in  its  place  cartilage  is  formed, 
while  at  the  same  time  the  substance  of  the  chorda  is  removed,  to 
give  place  to  the  developing  cartilage.  The  cells  of  the  cord,  how- 
ever, are  not  transformed  into  cartilage  cells.  Eventually  only  a 
portion  of  the  cellular  substance  remains  between  the  bodies  of  the 
vertebrae.  At  a  much  later  period,  cartilaginous  arches  are  formed 
in  tlie  inner  part  of  the  dorsal  laminaB,  which  become  converted  into 
the  vertebral  arches.  The  outer  portion  of  the  laminaa  dorsales  be- 
comes converted  into  muscular  tissues  and  integuments. 

The  cranium  is  originally  formed  from  an  extension  forwards  of 
the  chorda  dorsalis,  and  its  development  occurs  at  a  much  earlier 
period  than  the  bones  of  the  face.  In  the  lamprey  and  the  sturgeon, 
the  connection  between  the  chorda  and  the  cerebral  cartilage  is  per- 
manent. In  mammalia,  those  portions  analogous  to  the  bodies  of 
vertebrae  appear  in  the  basis  cranii ;  and  prolonged  from  these, 
above,  are  jjortions  corresponding  to  the  neural  arch  of  the  typicxil 
vertebra  ;  and  below,  parts  belonging  to  the  haemal  arch. 

The  body  of  the  epencephalic  or  occipital  vertebra  is  represented 
by  a  distinct  point  of  ossification,  for  the  basilar  proce:^  of  the 
occipital  bone ;  its  neural  arch  by  the  expanded  portion  of  the  bone 
itself;  its  hivmal  arch  by  the  scapulw,  bones  of  arm,  forearm,  and 
hand,  and  the  coracoid  processes  of  the  scapula  {coracoid  boms  of 
oviparous  vertebrata). 

The  body  of  the  meseyicephalic  or  parietal  vertebra  is  seen  in  the 
hasi'Sphenoid,  or  body  of  the  sphenoid  bone ;  its  neural  arch  is 
formed  by  the  mastoid  portions  of  the  temporal  bones^  the  great  mwn 
of  the  sphenoid  and  the  parietal  bones  ;  its  hwmal  arch  by  the  sti/loid 
j)roce8s  of  the  tonporal^  and  by  the  body  and  greater  and  lesser  cornua 
of  the  hgoid  bones. 

The  proscncpphalie  or  frontal  vertebra  has  its  body  represented  bv 
the  anterior  or  spheno  orbital  portion  of  the  sphenoid;   its  mural 
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areh  by  the  external  angular  proeeueM  of  the  fnmtal^  the  email 
winge  of  the  ephenoidy  and  ihejrantal  bone;  its  haemal  areh  hj  the 
tympanic  portion  of  the  temporal  hone^  and  bj  the  articular  and 
dental  portion  of  the  inferior  maxiUcu 

The  body  of  the  rhinencephalic  or  neuaZ  t^erfe&ra  is  represented 
by  the  vomer  ;  its  neural  arch  by  the  oeea  plana  of  the  ethmoid^  and 
by  the  neua^  honee  ;  its  heemal  archj  by  the  palatine^  pterygoid^  and 
mo/or  iofitft,  by  the  tQnantouf  and  zygomatic  portions  of  the  temporal 
banee^  and  by  the  auperior  maxillary  and  intermaxillary  honee. 

In  thus  briefly  describing  the  manner  in  which  the  cranial  verte- 
bra are  constructed,  we  feel  great  regret  that  our  limited  space  will 
not  permit  us  to  enter  more  at  length  into  the  beautiful  and  well- 
known  discoveries  of  Professor  Owen  in  this  department.  We  cannot 
too  strongly  recommend  the  reader  to  consult  upon  this  important 
subject,  Professor  Owen's  *' Archetype  Skeleton/'  and  his  *^  Homo- 
logies of  the  Vertebrate  Skeleton." 

DevehpmetU  of  the  Face  and  Vieceral  Archee. — The  visceral 
cavity  in  the  upper  part  of  the  embryo,  at  a  very  early  stage  of  deve- 
lopment,  is  bounded  above  by  the  cerebral  capsule ;  and  below,  and  at 
the  sides,  by  the  anterior  visceral  arch.  Reichert  has  shown  that 
this  Mrch  becomes  bent  upon  itself,  and  from  it  are  formed  above 
the  angle,  the  euperior^  and  below  the  angle  the  inferior^  maxillary 
apparatus. 

The  euperior  maxilla  grows  upwards,  and  unites  with  a  prominence 
which  is  seen  in  the  centre  of  the  forehead,  the  frontal  proceee  of 
Von  Baer — a  space  being  left  between  the  two  superior  mazillse, 
which  becomes  the  naeal  cavity.  Beneath  this,  the  two  bones  are 
connected  together  by  the  partition  which  forms  the  palate,  and  which 
does  not  appear  for  some  time. 

In  animals,  besides  the  maxillary  bones,  there  are  a  pair  of  narrow 
bones  between  them,  extending  from  the  interval  between  the  lower 

5ortion  of  the  nasal,  and  the  ascending  process  of  the  superior  maxilla, 
'hese  are  the  inJtermaxillary  bonee,  which  exist  in  the  human  foetus 
in  a  rudimentary  condition.  They  appear  to  be  formed  partly  from 
the  nasal  process  of  the  forehead,  and  partly  from  a  portion  of 
blastema  which  is  detached  from  the  lower  jaw,  to  which  Reichert 
gives  the  name  of  intermaxillary  rudiment  In  man  this  bone  is 
not  developed ;  but  in  fishes  and  amphibia  it  contains  teeth.  The 
intermaxillary  bones  differ,  therefore,  in  their  origin,  from  the  max- 
illae, and  are  probably  developed  from  centres  independently  of  the 
latter.  In  the  monstrosity  familiar  to  us  as  hare-lipj  the  superior 
maxillae  and  palate  bones  of  opposite  sides  do  not  meet,  while  the 
intermaxillary  bones  are  united  m  the  centre,  and  form  a  prominent 
tongue  of  bone,  on  either  side  of  which  is  a  deep  fissure  between  the 
intermaxillary  and  corresponding  maxUlary  bonee  of  each  side— 
thus  is  produced  the  deformity  of  double  hare-lip.  The  cleft  of  the 
palate  in  these  cases  usuallv  remains  open,  and  in  this  way  the  mal- 
formation is  increased.  The  fissure  of  the  lip  seems  to  arise  from 
the  alteration  of  the  deeper  parts ;  for  as  such  a  fissure  exists  at  no 
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period  of  embryonic  life  in  the  soft  parts,  it  cannot,  like  the  bony 
fissure  above  described,  be  dependent  npon  an  arrest  of  developmeiiu 

The  fir%t  visceral  arch  gives  rise  to  the  superior  maxillanf  appa- 
ratuSj  consisting  of  the  intermaxillary  bone$^  the  vomer ,  the  maztlbry 
and  palate  boneSy  and  the  pterygoid  platee  of  the  sphenoid,  the  loK<r 
jaw,  and  the  malleus  and  incus. 

The  second  visceral  arch  gives  origin  to  the  hyoid  bonSj  the  stykii 
process^  and  its  ligaments,  and  the  stapes  of  the  ear.  In  animaU  t 
grcnt  part  of  this  hyoid  apparatus  becomes  ossified. 

From  the  third  visceral  arch  arise  the  posterior  cornu  and  bodif  of 
the  hyoid  bone. 

In  the  embryo  of  mammalian  animals,  the  fourth  arch  is  very  in- 
distinct. 

Development  of  the  Nervous  System. — Reichert  has  shown  that^  in 
their  earliest  condition,  the  central  organs  of  the  nervous  system  ire 
composed  of  two  laminae  united  in  the  middle  line,  so  as  to  form  a 
central  groove.  This  groove  soon  becomes  converted  into  a  cam], 
except  in  the  position  corresponding  to  the  medulla  oblongata.  In 
front  of  this,  certain  vesicles  appear,  from  which  the  aeverid  parts  of 
the  brain  are  subsequently  developed. 

These  vesicles  have  been  named  Prosencephalon,  DeuteneepKabh, 
Mesencephalon,  and  Epencephalon,  by  Professor  Owen.  Uf  these 
vesicles,  the  latter,  which  corresponds  to  the  cerebellum,  is  at  this 
early  period,  the  largest  of  the  four.  The  mesencephalon^  or  vesicle 
of  the  corpora  quadrigcmina,  corresponds  to  the  large  optic  lobes  in 
fishes,  reptiles,  and  birds,  which  in  these  classes  are  only  two  in 
number  (corpora  bigemina),  and  in  the  adult  human  brain  is  repre- 
sented by  the  small  corpora  quadrigcmina  (anteriorly  nates,  poste- 
riorly testes).  In  front  of  this  vesicle  is  a  small  one,  which  is  formt*  1 
before  any  of  the  others,  and  for  some  time  is  the  most  anterior  of 
all.  This  is  the  vesicle  of  the  third  ventricle,  and  contains  the  optic 
thalami.     These  points  are  all  well  seen  in  the  fish's  brain. 

The  prosencephalon,  from  which  the  cerebral  vesicles  are  forme'!, 
lies  in  front  of  this,  and  at  first  is  extremely  small ;  it  bears  a  ir> 
portion  to  the  rest  of  the  encephalon  not  greater  than  that  which  tiie 
small,  unimportant  cerebral  lobes  of  the  adult  fish  bear  to  its  entire 
cerebrum.  The  prosencephalon  soon,  however,  increases  in  size,  aiiJ 
becomes  much  larcjer  than  all  the  others. 

Our  friend.  Professor  lletzius,  has  shown  that  the  three  lobes  of 
the  hemispheres  of  the  human  brain 'are  developed  at  difforei;! 
periods;  the  anterior  being  formed  during  the  second  and  third 
months,  the  middle  lobes  between  the  end  of  the  third  and  beginnin«^ 
of  the  fifth  month,  and  lastly,  the  posterior  lobes  are  producoi 
The  cerebellum  was  seen  by  Von  Baer,  in  the  chick,  during  the 
fourth  day  of  incubation.  It  is  formed  by  the  meeting  of  the  lauiin;?- 
of  the  spinal  cord  anteriorly  to  the  fourth  ventricle ;  a  short  canal 
is,  however,  left,  which  passes  towards  the  corpora  quadrigemina  ur 
optic  lobes,  the  future  iter  a  tertio  ad  quartum  vcntriculum. 

BischofT  has  demonstrated  that,  at  a  very  early  period,  nervous 
matter  is  formed  along  the  inner  surface  of  the  lips  of  the  primitive 
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groove.  These  two  masses  of  neryons  matter  gradually  approximate, 
and  thas  a  tube  is  produced,  the  walls  consisting  of  nervous  matter — 
while  the  central  cavity,  after  contracting,  becomes  the  canal  of  the 
apinal  cord.  The  upper  portion  forms  the  thin  dilatations  before  do* 
scribed  ;  while  at  the  opposite  end  is  seen  a  lancet-shaped  depression, 
the  future  cauda  equina,  or  $iniu  rhomboidalis  in  birds. 

Development  of  the  Organs  of  Vision  and  Hearing. — According  to 
Mr.  Gray,  the  eye  of  the  chick  is  first  seen  about  the  thirty-third 
hour  of  incubation,  in  the  form  of  a  protrusion  from  the  anterior 
vesicle,  which  corresponds  to  the  cerebral  lobes,  and  may  be  called 
the  optie  vesicle.  This  view  agrees  with  that  of  Baer;  but  it  does 
not  accord  with  the  observations  of  Wagner  or  Buschke.  The  latter 
observer  states  that  the  eve  is  developed  from  a  protrusion  of  the 
vesicle  of  the  third  ventricle — from  the  deuteneephalie  enlargement. 
The  retina  is  a  vesicular  body  which  communicates  with  the  cavity  of 
the  brain  through  the  hollow,  tubular  optic  nerve.  These  points 
may  be  observed  in  the  chick  during  the  second  day  of  incubation. 
Bischoff  and  Mr.  Gray  have  been  unable  to  confirm  the  statements 
of  Buschke,  with  reference  to  the  doubling-in  of  the  retina  to  form 
two  layers.  The  latter  observes  that  the  fibrous  lamina  and  Jacob's 
membrane  are  not  developed  until  after  the  cellular  layer  of  the 
retina  is  formed.* 

About  the  third  day  of  incubation  a  fissure,  which  commences  at 
the  border  of  the  lens,  is  seen  in  the  eye  of  the  chick,  which  Buschke 
regards  as  the  consequence  of  inversion  of  the  retina.  In  fishes, 
the  cleft  running  from  the  centre,  towards  the  anterior  border  of  the 
retina,  exists  throughout  life.  In  the  turtle  there  is  a  fissure  in  the 
nerve  but  not  in  the  retina. 

Jacob's  membrane  is  not  developed  before  the  thirteenth  or  four- 
teenth day  of  incubation.  Mr.  Gray  describes  it  as  forming  at  this 
period  an  exceedingly  fine  pale  granular  stratum  upon  the  choroidal 
surface  of  the  retina. 

The  circle  of  the  trtt  is  seen  in  the  anterior  part  of  the  choroid 
at  a  very  early  period ;  but  the  pupil  is  occupied  by  a  highly  vascular 
membrane,  the  membrana  pupillaris.  This  is  not  attached  to  the 
margin  of  the  iris,  but  to  its  anterior  surface,  from  which  it  derives 
its  vessels ;  and  it  is  probable  that  it  is  reflected  over  the  whole 
anterior  surface  of  the  iris,  and  possibly  lines  the  anterior  chamber 
of  the  eye.  From  the  margin  of  the  iris,  there  extends  back- 
wards another  vascular  membrane,  the  membrana  capsulo-pupillariSf 
which  is  united  to  the  border  of  the  capsule  of  the  lens.  This 
membrane  forms  a  closed  sac,  the  anterior  part  of  which  is  united 
to  the  membrana  pupillaris ;  while  the  posterior  portion  lines  the 
anterior  concave  surface  of  the  vitreous  body.  This  is  supplied 
with  vessels  by  the  capsular  branch  of  the  arteria  centralis  retinae ; 
and  at  the  margin  of  the  iris,  the  vessels  of  the  membrana  pupillaris, 
and  those  of  the  membrana  capsulo-pupillaris,  communicate  with 
those  of  the  iris. 

*  PhiL  Trans.,  I860. 
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The  tyelidt  ara  first  developed  in  the  form  of  b  ring,  which  (fr 

'-lends  over  the  aurface  of  the  eye  ;  and  afterwards  the  two  poraow 

vhich  are  to  be  developed  into  the  lids  become  adherent  to  euk 

■  other.     They  Boparate  sguin,  either  before  birth,  as  in  the  honu 

subject — or  after  birtti,  as  in  the  carnivora  and  some  other  duMi. 

Organ  of  Searing. — The  ear  appears,  at  a  rerj  early  period,  iif»  x 
&ie  vesicular  protrusion  which  ultiioately  becomes  the  auditory  Mm. 
It  communicatee  with  the  cavity  of  the  foartb  ventricle,  and  ii 
situated  above  the  second  branchial  cleft.  The  first  rudiments  of  ihc 
Miditory  Teuclfl  wera  seen  bj  Mr.  Gnkj  about  the  fiftMtk  hnr  it 
incubation  in  the  chick.  Throughout  the  life  of  the  cycIostomotB 
fishes,  the  ear  retains   the  condition  which   it   presents  at  an  early 

£eriod  of  development  in  the  mammalia.  Yalentin  describes  liie 
kbyrinth  as  appearing  in  the  form  of  a  separate  body  of  a  sonic- 
what  elongated  form.  The  inner  extremity  forms  a  turn  and  at  thb 
point  a  second  vesicle  makes  itB  appearaDce,  which  becomei  ^» 
cochlea. 

The  semicircular  canals  are  developed  by  a  contraction  and  foldis^ 
ia  of  the  walls  of  the  vestibule.  From  Mr.  Gray'a  careful  obsern- 
tions,  it  appears  that  the  labyrinth,  about  the  twelfth  or  thirieentb 
day  of  development  in  the  chick,  has  an  appearance  closely  resembhai 
the  retina  at  the  same  time — a  point  of  great  interest.  Hnsd^ 
bas  shown  that  the  Eustachian  tube,  the  cavity  of  the  tympuan, 
ftnd  the  external  meatus,  are  the  remains  of  the  first  branchial  dtft) 
which  eventually  becomes  divided  by  the  membrana  tympani. 

The  o9tieUt  of  the  ear  we  formed  u  foUom :  The  mmBmi  ai4 
wctM,  Moording  to  Beiohert,  are  prodooed  from  tha  &it  Tiieinl 
arch,  whioh  alM  girei  origin  to  the  superior  and  iateitv  msBllB. 
The  ttaim  appews  to  be  prodoeed  fimn  tha  aeeoDd  viaaaral  ndk, 
irbioh  auo  gives  rise  to  the  oToid  bofke  and  ita  wwpeaBorjapfmM. 
The  oBsifioation  of  these  little  oasielea  conmsneea  in  taa  StmA 
month  of  intra-nterine  life. 

The  denl^Nneot  of  the  mouth  and  now  hare  alreaily  baea  allaM 
to  at  page  87T. 

Developmmt  of  the  Heart  and  Aortic  ArcAet. — The  deTehnHBBOt 
of  the  heart  is  best  studied  in  the  chick.  It  appeara  towards  tha 
end  of  the  second  day  of  incubation,  as  a  small  hollow  tube  betwees 
the  mucous  and  serous  laminee  of  the  germinal  membrane.  Aboat 
the  thirty-fiijith  hour  it  has  become  a  simple  tube,  mnoh  evrved  and 
twisted  upon  itself.  Posteriorly,  it  termmates  in  two  or  three  large 
venous  trunks,  which  are  insensibly  lost  on  the  germinal  membraas ; 
and  anteriorly,  it  divides  into  two  branches,  which  unite  beneath  the 
vertebral  column  to  form  the  aorta.  The  trunk  of  the  veaael  agsii 
divides  into  two  branches,  which  are  lost  on  the  vasealar  area. 
Early  on  the  third  day,  the  heart  consists  of  three  cavities — the  stKU 
venoaua,  the  ventricle,  and  the  bulbm  aorta  ;  the  firat  soon  beoomei 
divided  into  the  two  auricles,  and  by  the  fourth  day  the  ventricle 
asBumes  its  nanal  form,  and  the  formation  of  the  septom,  whiek 
divides  its  cavity  into  two  portions,  commenoee. 

About  the  beginning  of  the  third  day,  the  aortic  bulb  divides  into 
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four  pair  of  vas^olar  arches.  On  the  fourth  day,  the  first  pair  dis- 
appears and  is  at  length  obliterated,  and  the  second  pair  becomes 
smaller ;  bat  now  is  formed  a  fifth  pair,  which  becomes  larger  on 
the  fifth  day,  while  the  second  entirely  disappears ;  so  that  there 
are  at  this  time  only  three  pairs,  and  these  of  nearly  equal  sise. 

About  the  sixth  aay,  a  considerable  alteration  takes  place  in  the 
circulation*  By  this  time,  the  allantois  forms  a  vesicle  of  considera- 
ble size,  upon  the  surface  of  which  numerous  vessels  are  spread  out. 
These  are  derived  from  two  branches  resulting  from  the  division  of 
the  aorta  after  it  has  given  off  the  mesenteric  artery.  The  allantois 
rapidly  increases  in  size ;  and  as  the  albumen  diminishes  in  quantity 
it  Decomes  applied  to  the  membrane  of  the  egg-shell.  Through  the 
latter,  and  through  the  pores  of  the  shell  itself,  the  air  passes  to 
aSrate  the  blood  circulating  in  the  vessels  of  the  allantois,  which 
may  therefore  be  looked  upon  as  the  great  respiratory  surface  of  the 
chick  previous  to  the  formation  of  lungs. 

About  the  sixth  or  seventh  day,  the  heart  acquires  its  character- 
istic form ;  its  cavities  have  approximated  more  closely,  and  become 
conjoined ;  the  division  between  the  auricles  and  ventricles  can  be 
Been  distinctly.  The  bulb  of  the  aorta  appears  to  rise  from  both 
ventricles,  immediately  over  the  septum ;  and  its  division  into  two 
canals  is  complete  on  the  seventh  day.  The  pericardium  is  formed. 
Only  two  vascular  arches  arise  on  the  left  side  of  the  aorta,  but  on 
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1,  S,  3.  Heart  of  chick  at  the  -tAth,  65th,  and  85th  hours  of  Incabation.  After  Dr.  Allen  Thomson. 
4b  Heart  of  a  hnmaa  embrjo  about  the  flfthweek.  After  Von  Baer.  I.  Venous  trunks.  8.  Auricle. 
3.  Ventricle.  4.  Bnlbns  arteriosus.  «,  e.  Two  aortic  arches,  which  unite  posteriori/  to  form  the  aoritu 
jr.  AurleuIo^Tentricular  opening,  h.  Septum  arising  from  the  lowest  part  of  the  caritj  of  the  ven- 
triele.    i.  Inferior  rena  cara. 

the  right  there  are  three.  The  latter,  and  the  two  anterior  arches, 
are  the  chief  divisions  of  the  aorta,  and  receive  the  blood  transmit- 
ted from  the  left  ventricle.  On  the  seventh  day,  the  two  posterior 
arches  receive  blood  only  from  the  right  ventricle,  and  become  the 
pulmonary  arteries.  At  present,  however,  all  the  arches  terminate 
m  the  descending  aorta. 

At  this  period,  the  course  of  the  blood  is  as  follows :  From  the 
system  of  the  embryo  it  is  carried  by  the  arteries  vitettincej  or  omphalo- 
mesentericcBj  to  the  network  of  vessels  of  the  vascular  area,  whence 
it  passes  to  the  sinus  terminalis,  which  bounds  the  latter,  and  which, 
even  on  the  fourth  day,  is  found  to  be  full  of  blood.  The  blood  is 
returned  to  the  heart  by  two  anterior  and  two  posterior  venous  trunks, 
arranged  in  pairs  on  each  side  of  the  median  line  of  the  body.  The 
anterior  pair  are  the  jugular  veinSy  and  the  posterior  pair  are  the 
cardinal  ve%n$f  which  carry  back  the  blood  from  the  WolflBan  bodies 
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and  hinder  parts  of  the  embryo.  Besides  these  trunks,  hoverer, 
there  is  a  single  one  below,  which  receives  the  blood  from  the  om- 
phalo-mesenteric  veins,  and  into  this  trunk  the  umbilical  veins  open 
subsequently.  It  becomes  eventually  converted  into  the  tx/eriW 
vena  cava. 

The  pulsations  of  the  heart  commence  before  any  cavity  can  le 
observed  in  the  mass  of  embryonic  cells  of  which  it  at  first  consists. 
Prevost  and  Lebcrt  have  observed  the  contractions  before  the  deve^ 
lopment  of  any  tissue  distinctly  muscular — a  statement  which  wc 
can  confirm  from  observations  upon  the  heart  of  the  young  field-snake 
(coluber  natrix).  Bischoflf  and  Vogt  also  testify  to  the  very  early 
occurrence  of  pulsations. 

In  the  human  subject,  about  the  fourth  week,  the  septum  between 
the  ventricles  commences  to  be  formed.  This  is  completed  by  the 
termination  of  the  eighth  week.  The  auricular  septum,  however, 
remains  incomplete  throughout  foetal  life.  The  circulation  in  the 
foetus,  and  the  peculiarities  of  the  foetal  heart,  have  been  alreadr 
described  in  page  677  of  the  present  volume. 

Aortic  Arches. — In  fishes,  the  vessel  continuous  with  the  bnlbos 
arteriosus  gives  off  on  either  side  large  branches,  which  are  distri- 
buted to  the  gills ;  from  these  organs  the  blood  is  collected  by  small 
vessels,  which  ultimately  reunite  to  form  a  large  trunk  correspond- 
ing to  the  aorta,  which  lies  immediately  in  front  of  the  spine.  In 
the  early  embryos  of  all  vertebrate  animals,  similar  branches,  calle«i 
aortic  archeSf  may  be  seen  ;  and  these  unite  at  the  back  of  the  rif- 
coral  cavity,  to  form  the  descending  aorta.  They  are  visible  in  tie 
chick  about  the  fortieth  hour,  according  to  Dr.  Allen  Thomson. 

In  birds  there  are  at  first  six  aortic  arches ;  but,  as  development 
proceeds,  the  number  becomes  less.  In  mammalia  the  arches  s>> :d 
diminish  to  three.  One  becomes  the  arch  of  the  aorta,  and  the  other 
two  are  the  ductus  arteriosi  of  the  pulmonary  artery,  of  which  the 
right  soon  disappears,  so  that  at  length  only  two  arches  remain- 
one  from  the  right,  and  the  other  from  the  left  ventricle.  The  an- 
terior part  of  the  arch  from  the  former  becomes  the  trunk  of  tl:o 
pulmonary  artery;  while  the  cavity  of  the  posterior  portion  (•/'/'■' 
arterioHHs)^  which  leads  into  the  aorta,  gradually  becomes  obliiera:-.-  i, 
and  soon  after  birth  nothing  remains  of  it  but  a  fibrous  cord,  bctwt'i:i 
the  aorta  and  pulmonary  artery,  which  marks  its  original  po^iti-.:. 
throughout  life. 

Anterior  Venous  TrunJcs. — At  an  early  period  of  development  ;;' 
the  human  embryo,  the  veins  entering  the  heart  from  the  upper  pur: 
of  the  body  are  symmetrical ;  and  in  many  of  the  lower  animals  they 
j)reserve  this  arrangement  throughout  life.  As  the  developmi'ii:  if 
the  human  embryo  advances  the  large  venous  trunk  on  the  left  >ii-.' 
diminishes,  and  subsequently  disappears  entirely,  leaving  the  rij'it 
trunk  only  as  a  persistent  vessel.  In  a  valuable  paper  publisla-  i  :u 
the  FhiloBophical  Transactions,  Mr.  J.  Marshall  shows  thrtt  ti.". 
dilated  portion  of  the  coronary  vein,  the  coronary  sinusy  is  tiie  |!:- 
sistent  lower  portion  of  the  left  anterior  vein.  It  is  inioresting,  ii:i: 
in  animals  which  have  a  left  superior  cava,  the  great  curdiuc  coi\*iar\' 
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▼ein  opens  into  it.  Even  in  the  adalt  human  heart  there  are  certain 
stractures  which  are  obviously  the  remains  of  the  upper  portion  of  the 
left  primitive  venous  trunk.  These  observations  are  very  interesting, 
as  they  serve  to  explain  certain  unusual  arrangements  in  the  great 
anterior  veins.  Gases  are  recorded  in  which  the  two  symmetrical 
trunks,  usually  only  found  at  a  very  early  period  of  development, 
remain  persistent  in  the  adult — an  abnormal  condition  which  receives 
explanation  from  the  investigation  of  the  nature  of  the  early  em- 
bryonic changes. 

Development  of  the  Lungs, — The  lungs  are  first  seen  in  the  form 
of  two  small  masses  of  cells,  at  the  lower  part  of  the  oesophagus. 
These  masses  gradually  increase  in 
aise,  and  a  cavity  is  formed  within.  Fig.  285. 

They  coalesce  at   the  upper  part,  a     *  b  c 

which  ultimately  becomes  the  trachea. 
At  this  period  of  their  development, 
the  respiratory  organs  appear  in  the 
form  of  vesicles,  appended  to  the 
lower  part  of  the  trachea. 

Reichert  has  shown  that  in  the 
chick  the  lungs  appear  about  the 
same  time  as  the  liver,  and  states, 
that  although  they  seem  to  take  their    ,  i)«Teiopin«BtofrMpiruoryorg»iit.^ow- 

^  V  *'    ,  .    ^  , .         ing  origlo  of  loofi  from  upper  part  of  ali- 

rise  from  the  membrana  tntertnedta  mentary  canau  mttn  sathke.  a.  (Ebo- 
(lying  between  the  rudimentary  ner-  JabSJn.  Thorad?m«nuofthiJtraJfc2an'd 
vous  centres  and  the  mucous  mem-    {^"^.^.^{Jrgu':^'* Vrioiw^^^^^ 

brane,   p.  864),  the    upper   portion  of      mentarylang:  4.  stomach.    B.  The  same 

,  ;*        ,'',  J'  A       !-•         seen  from  below.    C.  Tongue  and  respira- 

tbe    visceral     tube,    according    to    niS       tory  organs  of  the  embnro  of  a  horse     I. 

observations,  is  the  real  seat  of  their  1Z'i^mu£iI£^ '  ^  '^'^~ '  *•  ""^ 
origin. 

Thyroid  Gland$. — The  first  traces  of  the  thyroid  are  observed  in 
the  chick  between  the  sixth  and  seventh  days  as  a  small  spherical 
mass  of  blastema  on  each  side  of  the  root  of  the  neck.  In  structure 
the  thyroid  resembles  that  of  the  spleen.  Professor  Goodsir  de- 
scribes the  thymus,  thyroid,  and  supra-renal  capsules  as  arising  from 
the  membrana  intermedia ;  but  Mr.  Gray,  on  the  other  hand,  has 
pointed  out  that  they  are  formed  from  separate  and  independent 
masses  of  blastema. 

The  development  of  the  thymus  gland,  and  its  subservience  to 
respiration,  have  been  already  considered  in  p.  817. 

Development  of  the  Alimentary  Canal. — The  alimentary  canal  is 
first  seen  in  the  form  of  an  elongated  straight  tube,  in  which  oil  glo- 
bules may  be  distinguished.  According  to  Reichert's  observations 
on  the  embryo  of  the  frog,  the  walls  of  the  intestine  appear  to  be 
formed  originally  from  the  most  superficial  cells  of  the  yolk.  The 
mucous  membrane  is  developed  from  a  thin  layer  of  smaJler  cells  of 
the  yolk  in  the  interior.  Between  the  outer  layer,  which  becomes 
converted  into  the  muscular  coat,  and  the  inner  layer,  which  con- 
stitutes the  mucous  membrane,  a  glandular  layer  is  formed.  From 
this  tube  the  different  parts  are  gradually  evolved.     The  omphalo- 
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mesenteric  duct  is  connected  with  the  lower  part  of  the  small  intes- 
tine, just  previous  to  its  ju&ctioD  with  the  large  intestine.   Hk 


original  connection  with  the  umbilical  vesicle  is  sometimes  niBiifJ 
by  an  elongated  pouch,  or  diverticulum,  persistent  in  tbe  iMt. 
Tlie  original  yolk-cclls,  contained  in  the  cavity  of  the  iniesiiuc. 
slowly  disappear.  The  length  of  the  small  intestine  gradually  in- 
crcnaes,  until  it  assumes  its  mature  form. 

The  stomach,  at  an  early  period,  is  not  wider  than  the  rest  of  llw 
canni,  and  its  limits  are  not  to  be  distinguished. 

Originally,  the  tube  of  the  intestine  is  completely  closed,  boihs! 
the  mouth  and  anus.  The  membrane  is  gradually  removed,  and  aa 
opening  formed.  In  cases  of  imperforate  atius  there  is  no  openio^'. 
in  which  condition  an  operation  is  necessary  as  soon  as  possible  ificr 
birth. 

Development  of  the  Liver  and  Pancreas. — The  precise  mode  of 
origin  of  the  liver  in  the  embryo  has  not  yet  been  ascertained  wild 
certainty.  Some  observers  hold  that  this  large  gland  is  originsllv 
formed  upon  a  diverticulum  of  the  intestine,  vhile  others  have  o'n- 
eluded  that  it  is  developed  from  a  distinct  and  separate  mass  d 
blastema.    In  the  chick,  tbe  first  rudiment  of  this  organ  may  be  iit' 


OF  SPLEEN.  885 

cerned  between  the  fiftieth  and  sixtieth  hour,  and  is  described  by 
Remak  as  consisting  of  two  sets  of  cells — an  external  one,  continu- 
ous with  the  external  sarface  of  the  intestine,  and  an  internal  layer, 
composed  of  epitheliaro,  and  lining  the  sac,  which  ultimately  becomes 
divided,  so  as  to  form  ducts.  From  the  epithelial  lamina  the  columns 
of  liver  cells  are  formed ;  these  extend  into  the  outer  lamina,  branch 
and  anastomose,  and  include  in  the  meshes  thus  produced  the  cells 
of  the  outer  surface,  from  which  the  vessels,  nerves,  and  areolar  tis- 
sue of  the  gland  are  developed. 

Mtiller  describes  the  liver  as  formed,  on  the  fourth  day  of  incuba- 
tion, by  a  conical  protrusion  of  the  intestinal  tube.  The  walls  of 
the  protrusion  become  very  thick,  and  in  their  substance  the  ducts 
ramify. 

According  to  Reichert,  the  liver  and  pancreas  in  the  embryo  frog 
are  developed  from  a  portion  of  yolk,  which  becomes  separated  from 
the  general  mass  at  a  very  early  period,  and  is  penetrated  by  a  pro- 
longation, posteriorly,  of  the  vessel  continuous  with  the  cavity  of 
the  heart.  At  first  there  is  no  appearance  of  a  division  in  this  mass 
of  yolk  substance,  which  becomes  separated  from  the  remainder 
before  any  trace  of  the  alimentary  canal  has  manifested  itself.  Sub- 
sequently the  two  organs  become  more  distinctly  marked  out.  In 
the  chick,  according  to  the  same  observer,  these  organs  are  formed 
from  a  cellular  growth  upon  the  surface  of  the  membrana  intermedia^ 
which  is  separated  from  the  rest  of  this  membrane.  At  first,  the 
two  lobes  of  the  liver  are  of  equal  size,  but,  after  a  time,  the  right 
lobe  preponderates,  as  it  does  in  the  adult. 

Mr.  Gray  has  figured  the  liver  and  pancreas  of  the  chick.  They 
seem  to  be  developed  from  two  separate  protrusions  of  the  intestinal' 
tube,  about  the  ninetieth  hour  of  incubation.  No  vestige  of  the 
spleen  is  to  be  detected  at  this  early  period. 

The  following  is  Dr.  Handfield  Jones'  account  of  the  development 
of  the  liver  in  the  chick.  The  parenchymatous  portion  is  found  to 
appear  first ;  soon  afterwards,  an  eminence,  for  which  Dr.  H.  Jones 
proposes  the  name  of  coUiculuSj  makes  its  appearance  on  the  wall  of 
that  portion  of  the  intestine  which  becomes  the  duodenum.  From. 
the  latter  tube  pass  two  offsets  to  the  liver ;  these,  however,  waste, 
bat  the  eoUiculus  remains.  Subsequently,  the  cystic  and  hepatic 
ducts  are  developed  close  to  the  liver ;  they  extend  downwards,  and 
open  at  the  colliculus.  In  fishes  and  reptiles,  the  process  of  develop- 
ment is  similar.  Dr.  H.  Jones  observes  that,  at  one  period,  the  gall- 
duct  in  tadpoles  is  lined  by  ciliated  epithelium. 

Reichert  describes  the  formation  of  the  columns  of  liver  cells,  and 
their  increase  in  number ;  but  he  considers  that  the  cells  are  not 
invested  with  basement  membrane.  This  question  has,  however, 
been  discussed  in  Chapter  XXXIII. 

Spleen. — Mr.  Orav  has  demonstrated  that  the  spleen  arises  in  a 
fold  of  the  intestinal  laminae  about  the  114th  hour  of  incubation  in 
the  chick ;  and  it  is  probable  that  in  the  human  subject  its  forma- 
tion takes  place  during  the  third  or  fourth  week.  It  is  quite  distinct 
from  the  pancreas  from  the  earliest  period  of  development. 
67 
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organs.    As  the  latter  gradually  diminish  in  siie,  the  development 
of  the  former  advances. 

Supra-renal  CapsiUet. — The  investigations  of  Mr.  Gray  upon  the 
development  of  the  supra-renal  capsules  in  the  chick,  have  proved 
Uiat  these  bodies  are  not  to  be  recognized  before  the  end  of  the  7th 
day,  when  an  ill-defined  granular  mass,  of  a  reddish  colour,  makes  its 
appearance  between  the  aorta  and  upper  and  inner  sides  of  the  Wolf- 
fian bodies.  It  seems  to  have  no  connection  with  the  thyroid  or 
thymus,  as  Professor  Goodsir  described.  Its  minute  structure  re- 
aembled  that  of  the  spleen  about  the  fifth  day  of  incubation.  By 
the  8th  day,  vesicles  could  be  distinguished,  and  by  the  14th  day 
were  found  to  contain  oil  globules,  but  no  nuclei  could  be  detected 
in  their  interior.  The  capsules  were  of  large  size,  and  of  a  yellow 
oolour  by  the  18th  day,  and  now  the  division  into  cortical  and  medtU^ 
lary  portions  was  quite  distinct.  The  supra-renal  capsules  are  de- 
Teloped  from  two  separate  masses  of  blastema,  situated  between  the 
aorta  and  upper  and  inner  extremities  of  the  Wolffian  bodies.  They 
have  no  connection  with  the  latter,  or  with  each  other,  and  although 
in  their  minute  structure  they  resemble  the  spleen,  they  arrive  at 
their  maximum  of  development  before  that  organ. 

Organ%  of  Generation. — The  sexual  organs  are  developed  at  a 
later  period  than  other  glands.  They  are  formed  from  masses  of 
blastema  situated  upon  the  inner  side  of  the  upper  and  free  part  of 
the  ducts  of  the  Wolffian  bodies.  The  ovaries  and  testicles  are 
developed  independently  of  the  Wolffian  bodies.  At  an  early  period 
of  development  the  glands  in  both  sexes  have  very  similar  characters, 
and  it  is  not  possible  to  say  whether  the  organ  is  ultimately  to 
become  converted  into  a  testicle,  or  whether  it  is  to  retain  its  primi- 
tive characters,  which  agree  with  those  of  the  ovary.  According  to 
the  observations  of  Valentin,  the  ovary  of  mammalian  animals  is 
developed  in  the  form  of  tubes,  in  which  the  Graafian  follicles  are 
produced. 

The  excretory  duct$  in  the  lowest  vertebrata  are  two  in  number, 
and  open  into  the  cloaca,  an  arrangement  which  is  persistent  in 
many  fishes,  but  in  the  higher  classes  they  are  united,  and  form  a 
tingle  canal,  the  arrangement  of  which  has  been  carefully  investi- 
gated by  Milller.  From  this  canal,  in  the  male,  is  formed  the  We- 
berian  organ,  or  uterus  mascuUnfM,  while  in  the  female  it  gives 
origin  to  the  uterus  and  vagina. 

The  upper  part  of  the  excretory  duct  of  the  Wolffian  bodies  in 
the  male,  becomes  much  modified  in  character,  and  is  ultimately  con- 
yerted  into  the  epididymis^  whilst  the  lower  portion  becomes  the  vas 
deferens. 

The  lower  part  of  the  urino-genital  canal,  which  becomes  con- 
Terted  into  the  external  organs  of  generation,  for  some  time  presents 
a  cleft  or  fissure  on  its  inferior  surface,  which  in  male  reptiles  and 
birds  remains  open  throughout  life,  but  in  mammalia  becomes  con- 
Terted  into  a  canal,  which  extends  to  the  tip  of  i)\e  penis  in  the  male, 
or  along  the  under  surface  of  the  clitoris  in  the  female.  Sometimes, 
however,  a  portion  remains  open,  and  the  wall  of  the  urethra  is  de- 
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ficient  in  its  anterior  part  below,  when  the  congenital  deformity 
known  as  hypo^padiai  results.  The  folds  of  skin  which  bound  tke 
farrow,  ultimately  become  converted  into  the  scrotum  of  the  male,  or 
labia  of  the  female.  The  testicles  descend  into  the  cavity  of  tbe 
scrotum  about  the  eighth  month,  but  not  nnfreqaently  are  retained 
within  the  abdominal  cavity. 

The  aatbors  would  refer  particularly  to  the  following  works  with  reference  to  tke 
subjects  discussed  in  the  present  chapter:  Mailer's  Physiology;  Rathke,  Beilnge 
tuT  Gescbichte  der  Thierwelt;  Valentin,  Entwickelungs-Oeschichte;  Dr.  Handlirid 
Jones  on  tbe  Structure  and  Development  of  the  Liver,  Pbil.  Trans.,  1840;  Victor 
Carus'  System  der  Tbierischen  Morphologic ;  Reicbert,  das  Entwickelungsleben  in 
Wirbeltbier-Reicb ;  Mr.  Marshall's  paper  On  tbe  Development  of  the  great  Anteriw 
Veins  in  Man  and  Mammalia,  Phil.  Trans.,  1850;  Mr.  Gray's  papers  On  the  Develop- 
ment of  tbe  ductless  Glands  in  tbe  Chick,  Pbil.  Trans  ,  1852 ;  and  his  paper  oo  the 
development  of  the  retina  and  optic  nerve,  and  of  the  membranous  labyrinth  tad 
auditory  nerve,  Phil.  Trans.,  1850. 


CHAPTER  XLIIL 

OP  THE  MEMBRANES  OP  THE  F(ETUS. — OP  THE  STRUCTURB  OF  THI 
CHORION. — OP  THE  AMNION.— LIQUOR  AMNII. — OF  THE  UMBI- 
LICAL VESICLE. — OP  THE  ALLANTOIS. — ALLANTOIO  FLUID. — UMBI- 
LICAL  CORD. — BIRTH. 

Formation  of  the  Placenta, — The  early  development  of  the  chorion 
has  been  described  in  a  former  page.  At  first,  the  villi  are  composed 
entirely  of  cells,  invested  on  their  external  surface  with  a  very  deli- 
cate structureless  membrane;  but  after  the  vessels,  conducted  by  tbe 
allantois,  have  reached  its  inner  surface,  vascular  loops  are  prolonged 
into  them.  Bischoff  considers  that  in  the  human  ovum,  and  in  that 
of  the  bitch,  which  are  destitute  of  an  albuminous  covering,  the  tufts 
are  formed  directly  from  the  zona  pellucida  alone. 

In  two  orders  of  mammaliA,  tbe  marsupialia  and  the  monotmnafa^  there  is  n»»  r^ti- 
ncction  between  the  vascular  system  of  the  mother  aiiJ  that  of  the  foetus,  nhichi? 
nourished  from  a  very  early  period  with  milk. 

The  relation  between  the  blood  of  the  fa'tus  and  that  of  the  mother  is  nenrk  f^' 
same  in  all  placental  mammalia.  The  wall  of  the  maternal  vessels — a  layer  crtuip:'>^ 
of  cells  from  the  modified  mucous  membrane  of  the  uterus — a n<l  another  celluUrUTrr 
belonging  to  the  foetal  tuft,  always  separate  them ;  but  in  the  greater  number  of  Dism- 
malia,  the  ftetal  tufts  come  into  relation  with  the  capillary  vessels  of  the  mother:  while 
in  rnan  they  are  in  contact  with  the  walls  of  a  large  cavity  coDtaiDing  blood. 

The  mode  of  arrangement  of  the  tufts,  or,  in  other  words,  the  form  which  the  p'*- 
centa  assumes,  is  very  different  in  the  various  mammalia.  Sometimes  the  whi;le 
chorion  is  covered  with  villi,  as  in  the  pachydermata  (hog,  elephant,  etc.);  sometime? 
these  form  little  collections  or  cotyledons,  as  in  the  greater  numl>er  of  rumtfuoi^t 
(sheep,  ox,  goat,  etc  ) ;  sometimes  they  form  a  band  encircling  the  central  portion  of 
the  chorion,  as  in  the  camivora ;  and  in  some  instances  they  are  confined  to  one  sii^-' 
part,  forming  a  single  placenta,  as  in  the  rodmtia,  and  also  in  the  human  suf'^'tct  TiJe 
figs.  280,  '2{m. 

The  beautiful  branched  and  highly  complicated  conical  fivtal  villi  of  tbe  miuinirt 
dip  into  deep  recesses  in  the  maternal  cotyUdonSy  upon  the  walls  of  which  the  nuteniAi 
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ektAUr^TCiMb  «n  ipnad  oat;  whili  tha  tuodIkt loops  of  tba  hauui  f<Btiif,  u  vu 
•kown  bj  ProfoMor  W«ber,  dip  inlo  the  dilated  TeeailB  of  die  mother,  which  beoome  lugt 
TCDoui  MniueB,  and  ue  tbiu  completolj  Iwtbed  od  >I1  ^dei  bj  the  motber'e  blood. 

The  villi  increase  very  much  in  number  and  complexity  in  that 
part  of  the  chorion  which  is  to  become  the  placenta ;  while  on  other 
parts  of  the  surface  they  retain  the  same  characters  as  at  a  very 
early  stage.  Each  villus  contains  a  vascular  loop,  which  is  directly 
continnoua  with  the  umbilical  vessels  of  the  fcetus ;  and  the  whole  of 
the  blood  of  the  foetus  is  made  to  pass  through  the  vessels  in  the 
tufts  by  the  forces  of  the  foetal  circulation.  The  cells  of  which  the 
vilti  were  entirely  composed,  at  a  very  early  period  diminish  ia 
number ;  but  still  several  remun  towards  the  apex. 

During  this  time,  the  soft  membrana  decidua  has  been  increasing 
in  thickness  and  vascularity.  Its  capillary  vessels  become  enor- 
mously increased  in  diameter,  and  ultimately  form  small  pouches  or 
sinuses  containing  blood.  The  foetal  tufts  come  into  close  relation 
with  the  walla  of  these  sinuses,  but  are  still  separated  by  a  thin  layer 
of  the  cellular  decidua,  and  project  into  their  interior,  being  of  course 
invested  with  the  wall  of  the  sinus,  just  as  the  viscera  are  covered 
with  peritoneum.  Such  is  the  relation  of  the  bloodvessels  of  the 
foetal  placenta  to  those  of  the  mother,  accord- 
ing to  the  obeervstions  of  Dr.  J.  Keid,  Weber, 
and  Goodsir.  The  structures,  therefore,  which 
intervene  between  the  blood  of  the  foetus  and 
that  of  the  mother,  are  the  following :  the  walls 
of  the  fcetal  capillaries ;  the  cells  at  the  extre- 
mity of  the  foetal  tufts ;  the  delicate  investing 
membrane  covering  these ;  a  thin  stratnm  of 
fluid  separating  the  maternal  and  foetal  portions 
of  the  placenta,  and  containing  not  only  the 
materials  for  absorption,  but  any  substances  to 
be  removed  from  the  foetal  blood ;  the  cells  of 
the  membrana  decidua ;  and,  lastly,  the  wall  of 
the  venous  sinus,  into  which  the  foetal  taft  pro- 
jects. 

The  eells  upon  the  surface  of  the  villas  form 
little  groups,  and  appear  to  radiste,  as  it  were, 
from  the  centre  of  each  collection.  This  cen- 
tral point.  Professor  Goodsir  regards  in  the 
light  of  a  germinal  apot  or  nuiriiive  centre,  which  sopplies  successive 
generations  of  cells  as  the  old  ones  are  gradually  removed. 

The  wall  of  the  venons  sinus  of  the  mother,  refiected  from  tuft 
to  taft,  forms  Damerons  tabular  processes,  passing  in  varions  di- 
rections amongst  them ;  thus  connecting  the  several  tufts  with  each 
other,  and  forming  a  sort  of  supporting  framework  for  the  entire 
organ.  The  tubular  prolongations,  of  course,  contain  cells  of  the 
decidua  in  their  interior,  and  by  their  onter  surface  are  continnooa 
with  the  lining  membrane  of  the  venous  einases  of  "le  mother.  Dr. 
J.  B«id  has  shown  that  the  foetal  tufta  often  dip  quite  into  the  uterine 
linases. 


bas  beea  looked  apon  by  msny  pathologiste  as  of  a  morbid  nature, 
•nd  has  been  brought  forward  as  one  of  the  cansea  of  abortion ;  bnC 
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tbe  obserrations  of  oar  friend,  Dr.  Druitt,*  and  others,  show  that 
fatty  defeneration  of  the  vessels  occurs  in  the  great  majority  of  pla- 
centae wnich  are  subjected  to  examination,  although  ia  some  it  is 
much  more  advanced  than  it  is  in  others.  It  occurs  first  in  those 
tofts  situated  at  the  circumference  of  the  placenta,  in  which  part  tbe 
functions  of  the  organ  cease  first.  In  numerous  instances,  also, 
small  masses  of  earthy  phosphates  are  found  in  tbe  foetal  tufts. 
Although  fatty  degeneration  is  doubtless  to  be  regarded,  in  many 
instances,  as  a  morbid  alteration,  we  must  at  the  same  time  bear  in 
mind,  that  it  does  occur  as  a  normal  process,  and  is  one  of  the 
changes  which  ensues  in  tissues  prior  to  their  absorption,  after  the 
period  of  their  functional  activity  ia  brought  to  a  close.  It  seems 
to  be  one  of  the  first  of  a  series  of  changes  which  ends  in  the  removal 
of  the  tissue,  or  in  the  complete  disappearance  of  its  ordinary  cha- 
racters. 

From  what  we  have  already  said  with  reference  to  the  structure  of 
the  human  decidua  and  placenta,  it  follows,  that  both  are  separated 
at  birth,  and  must  be  renewed  at  each  successive  pregnancy.  Both 
the  uterine  and  foetal  portions  of  the  placenta  are  removed,  and  of 
course  a  considerable  lesion  takes  place  at  the  time.  Tbe  great 
uterine  veins  are  torn  across,  and  the  violent  contraction  of  the 
Qterua  alone  prevents  the  death  of  the  mother  from  hemorrhage  at 
each  period  of  parturition.  Should  the  uterus,  from  any  cause,  fail 
to  contract,  the  death  of  the  mother  from  hemorrhage  is  inevitable, 
u  the  experience  of  almost  every  practitioner  but  too  clearly  proves, 

•  UedletHChir.  Truu.,  toL  xixtI. 
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Sach  a  resaU,  however,  would  not  happen  in  the  ruminanta,  and  ia 
Bome  other  animals,  where  the  foetal  tufts  are  readily  withdrawn  from 
the  maternal  sheaths,  which  merely  contract  after  partarition,  and 
become  much  smaller,  but  suffer  no  lesion  whatever. 

Amnion, — The  early  stages  of  the  development  of  the  amaion 
have  been  already  fully  described  (p.  866).  It  ia  formed  upon  the 
same  plan  in  all  classes  of  animals,  as  it  is  in  the  human  subject,  as 
the  later  researches  of  Bischoff  have  conclusively  shown.  The  homan 
ovum,  at  an  early  period  of  development,  is  seen  to  be  closely  in- 
vested with  the  amnion ;  which  membrane,  originally  consisting  of 
two  layers,  is  separated  from  the  chorion  by  a  considerable  space, 
which  is  entirely  occupied  by  an  albuminous  material  of  a  jelly-like 
consistence,  the  "corps  reticul6**  of  Velpeau.  This  substance  ia 
separated  from  the  chorion  by  a  thin  membrane,  the  endochorion; 
BO  that  it  appears  to  be  contained  within  a  special  sac. 

The  amnion  consists  of  a  closed  sac,  and  it  is  prolonged  over  the 
structures  of  the  cord,  in  the  form  of  a  tubular  sheath,  which  becomes 
continuous  with  the  integument  of  the  foetus  at  the  navel.  The 
amnion  is  tolerably  transparent,  and  not  very  thick ;  but  often  la 
firm,  that  it  cannot  be  ruptured  very  readily.  No  vessels,  nerves, « 
lymphatics  have  yet  been  demonstrated  in  the  healthy  membrane; 
but  in  some  cases  of  disease  it  has  been  found  to  be  highly  vaseolar. 
M.  Coste  speaks  of  the  amnion  as  the  "epidermis  of  the  blastoderms.'* 

The  sac  of  the  amnion  contains  a  considerable  quantity  of  la 
albuminous  fluid,  the  liquor  amnii,  which,  according  to  Vogt,  eon- 
sists  of  common  salt,  lactate  of  soda,  albumen,  and  sulphate  and 
phosphate  of  lime.  Dr.  G.  0.  Rees  has  found  urea  in  the  liqaor 
amnii,  and  the  presence  of  this  substance  has  been  confirmed  by 
other  observers.  The  liquor  amnii,  at  three  and  a  half  months,  had 
a  specific  gravity  of  1'0182,  and  contained  10*77  of  albumen  in  1000 
parts  ;  and  at  six  months  its  specific  gravity  was  1*0092,  and  it  con- 
tained only  6*67  parts  of  albumen  per  1000. 

Liquor  Amnii. — The  liquor  amnii  enters  the  mouth  of  the  foetna, 
and  no  doubt  passes  into  the  trachea  as  well  as  the  stomach ;  but  the 
amount  of  nutrition  which  the  foetus  receives  from  this  source,  must 
indeed  be  small.  At  the  same  time,  it  is  interesting  to  observe  that 
tlie  composition  of  the  liquor  amnii  varies  at  different  perioJi  of 
pregnancy,  as  has  been  shown  by  Vogt ;  and  during  the  earlier 
periods  of  gestation,  the  quantity  of  chloride  of  sodium  is  much 
greater  than  during  the  latter  part  of  the  time.  The  proportion  of 
this  substance  appears  to  be  greater  at  that  period  of  the  developmeut 
of  the  embryo,  when  cell-multiplication  and  growth  is  most  active. 

Dr.  Beale  has  made,  for  Dr.  A.  Farre,  an  examination  of  liquor 
amnii  at  the  eighth  month,  taken  from  the  body  of  a  woman  who 
died  at  this  period  of  gestation.  The  fluid  was  of  a  very  pale  straw 
colour,  slightly  turbid,  and  contained  flocculi  suspended  in  it.  It  was 
quite  limpid,  and  readily  dropped  from  a  tube.  It  was  very  feebly 
acid,  and  remained  so  for  several  days  after  it  had  been  remove-i. 
The  deposit  was  subjected  to  microscopical  examination,  and  found 
to  contain  many  epithelial  cells  and  oil-globules  from  the  vernii 
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I,  the  aoft  oily  coating  with  which  the  skin  of  the  foetus  becomes 
covered  in  the  later  months  of  pregnancy.  Besides  these,  there  were 
Beveral  clear,  transparent,  elongated  cylindrical  bodies,  evidently 
cmU  of  the  urin^eroug  tubea  of  the  kidney  of  the  fcetns.  This 
observation  proves,  very  satisfactorily,  that  the  nrinary  secretion 
becomes  mixed  with  the  liqaor  smnii  in  the  human  eahject. 

The  Bpeoifio  gravity  of  this  specimen  was  1009-2  and  it  contained 
in  1000  parM— 

II  1M  pMa  (Olid 


.      982-00 
18-00 

Solid  matter 

OrgaDic  OMtter  mIdUb  inmlcr 

FU«d  ftI1uJin«  ulti        .... 

Albtuneo,  euthj  wlU,  ud  &U7  mattcr 

611 
8W> 
8-BO 

88 'M 
14  94 
21-11 

Dr.  Front  found  sugar  of  milk  in  the  liquor  amnii  of  a  cow,  at  an 
early  period  of  pregnancy. 

limbUieal  Veiiete. — We  have  alluded  to  the  mode  of  formation  of 
the  umbilical  vesicle  in  page  866.  Our  friend,  Mr.  Crrainger,  has 
made  some  very  important  observations  on  its  minute  structure  and 
functions  in  the  chick.  At  a  very  early  period,  the  lining  membrane 
of  the  umbilical  vesicle  presents  the  appearance  of  a  highly  organised 
mncoos  membrane,  the  surface  of  which  is  perfectly  smooth.  After 
a  time,  a  number  of  folds,  which  were  termed  "valves"  by  Haller, 
make  their  appearance.  By  the  ninth  day,  these  are  considerably 
developed,  and  project  into  the  yolk.  The  folds  become  more  com- 
plicated and  numerous ;  and  by  the  nineteenth  day,  are  as  much  as 
j'jtbs  of  an  inch  in  depth  in  the  deepest  part.  Upon  the  folds,  and 
in  the  intervals  between  them,  grayish-white  corpuscles  are  very 
numerous.  Mr.  Dalrymple  has  shown  that  these  cells  may  be  washed 
away  from  the  vessels  beneath,  of  which  he  has  made  very  beautiful 
injections.  The  yellow  appearance  of  the 
Teasels,  whence  they  have  been  called  rata  ^fr  ^1- 

Iittea  by  HaUer,  is  due  to  their  being  entirely 
covered  with  these  yellowish  corpuscles  The 
surfaces  of  the  folds  of  the  membrane  are 
highly  vascular,  and  the  majority  of  the  capil- 
laries spread  out  upon  them  are  probably 
venous.  Thus  the  surface  of  the  umbilical 
vesicle  is  enormously  increased  in  extent,  in 
a  manner  precisely  similar  to  that  in  which 
the  mucous  membrane  of  the  intestines  is  ex- 
tended by  the  arrangement  of  the  valvulie 
conniventes.     Such  is  the  character  of  the 

vascular  surface  by  which  all   the  nutritive . 

oonstitnents  of  the  yolk  are  absorbed,  which       p(>ii.ortk**4wiu7w 
are  afterwards  carried  to  the  system  of  the    SiT°d^^ib"  ihiSM  «■ 
chick  for  its  nutrition,  throughout  the  whole    5^U^iuJ£.  "^  ^-—i*. 
period  of  development  within  the  shell.     That 
portion  of  the  yolk  nearest  to  the  vessels  becomes  quite  fluid,  and  is 
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W«  likTt  drNdjr  tlunrm  (pMV  8M)  Ofet  4h»  T4k  i>  fti  *«ft  «• 

tht  TitdUiM  dnot;  and  it  u  Aervfon  p— ibIiTbr  the  ■akiHlMlfr' 
rial  to  mdi  llit  ijitam  of  tlio  ohialc,  vy  thb  ihortar  bmI  mMm- 
plo  course,  at  a  t«^  early  period  oF  derolopment.  Althmigfa  dtan 
ean  be  DO  doabt  of  the  exutenoe  of  thia  tobalar  oomBoweatian  at 
one  lime,  it  ia  aerertheleaa  qnite  oertain  tiut|  throngboot  tha  paatv 
part  of  the  period  of  iDoaution,  the  duet  ia  impernoM*  iaH  Ai 
DBtrient  material  of  the  yolk  ia  abaorbed  lij  tha  vtMtk  tmiija% 
npon  tht  mrfaoa  of  the  ambilicat  vesicle,  and  ia  carried,  \>y  the  qb- 
|ilialo  umanlw i<l TuaaelBi  ti i  the  vascular  eystem  of  the  embrjo  in  ibt 
msa^  abon  deaeribed. 

The  yolk-aae  of  tbe  mammalian  ovum  has  a  structure  verr  aimilir 
to  that  of  the  lurd.  The  communication  with  the  iDtestine  ia  at  fint 
Ttiy  wide,  bat  aoon  bMones  reduced  to  a  narrow  tube,  the  omfhidt- 
mntKttrit  <n  vfteflnM  (hifce.  The  umbilical  vesicle  genorolljr  di^- 
pean  at  ft  Tai7  early  period ;  and  in  the  embryo  calf,  not  morf  tbn 
■iz  Knea  in  length,  aoeording  to  Bischoff,  it  is  oolj  eonncct«<l  iri^ 
tht  emblTO  by  %  thread-like  pedicle,  and  ie  of  very  small  i\w.  In 
the  frog  It  diiappeara  very  CTrig|Fj||ijigi}ilt'Oanii roroua  nniniaN.  tnJ 
also  ID  the  rodents,  it  remfilappif||||va  considerable  periiid  of 
intra-nterine  life,  and  ia  veij Btp^nSnw. 

The  Teesels  of  the  nmlnhcal  noide  are  well  bIiowd  in  an  enhji 
of  Dr.  Sharpey'a.  The  ffiettu  waa  1^  of  an  inch  in  length.  Iki 
▼eaiole  waa  ^  of  an  inch  in  diameter,  and  the  pediola  ^  of  as  M 
long.  A  beantifnl  engrariM  of  thia  embryo  vill  bs  foBua  in  JRiB^'i 
J*hysioloffv,  translated  by  Dr.  Baly. 

In  the  baman  embryo  of  from  two  to  three  lines  in  lonoth,  HGDr 
found  the  doct  of  the  umbilical  vesicla  very  abort  and  wide,  and  wu 
able  to  trace  ita  valla  in  direct  continnity  vith  those  of  the  inteatine. 
Dr.  Allen  Thomaon  alao  testifies  to  the  aame  fact,  and  Weber  bu 
delineated  ita  bloodveasels.  It  is  very  distinct  in  the  human  embiyo 
about  the  twentieth  day.  It  lies  between  the  chorion  and  amnion, 
and  is  filled  with  a  yellowish-white  yolk.  By  the  third  month,  it  ii 
abont  fonr  or  five  lines  in  diameter ;  and  from  thie  time  it  beeom« 
smaller,  and  gradually  disappeara.  Mayer  has,  however,  detected 
both  the  vesicle  and  its  thread-like  pedicle  at  the  foil  period  of 
gestation. 

DevelopmerU  of  the  AllantoU. — At  a  very  early  period  of  develop- 
ment of  the  mammalian  embryo,  a  collection  of  cells  makes  Itt 
appearance  upon  the  anterior  anrface  of  its  candal  extremity,  !I1ui 
gradually  increases  in  size,  becomes  fiaak-ahaped,  and  a  cavity  ia  the 
interior  of  the  mass  becomes  visible.  The  vesicle  thos  formed  rapi^ 
enlarges.  It  contains  flnid,  and  npon  its  surface,  veaaela,  which  nltt- 
nately  become  the  umbilieal  veiieU,  are  seen  ramiQring.     As  it 
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grows,  these  vessel^  are  carried  with  it  towards  the  inner  surface  of 
the  chorion.  The  vessels  of  the 
umbilical  vesicle  waste  with  this 
stmctare,  while  those  conducted  to 
the  placenta  by  the  allantois,  ulti- 
mately become  the  two  umbilical 
arteriet  and  the  umbilical  vein.  In 
the  human  embryo,  the  chief  office 
of  the  allantois  seems  to  be  that  of 
conducting  the  vessels  towards  that 
portion  of  the  chorion  which  is  to 
become  the  future  placenta;  and 
as  soon  as  the  connection  between 
the  foetus  and  the  placenta  is  esta- 
blished, which  in  the  human  embryo 
takes  place  between  the  third  and 
fourth  weeks,  the  allantois  is  no 
longer  distinguishable.  Besides  this 
office,  however,  the  allantois  receives 
the  secretion  from  the  temporary 
kidneys,  or  corpora  Wolffiana,  pre- 
vious to  the  formation  of  the  per- 
manent structures. 


In  many  of  the  lower  enimals,  however, 
the  allADtoie  is  deyeloped  to  a  much  g;reater 
extent  than  it  is  in  man.  In  birds,  and  in 
■eyeral  mammalian  orders,  it  forms  a  yery 
large  sao,  which  oompletelj  surrounds  the 
embryo ;  and  in  the  ruminants,  it  contains 
many  quarts  of  fluid,  towards  the  termina- 
tion of  intra-uterine  life. 

The  allantois  in  the  chiok  is  readily  dis- 
tinguished before  the  close  of  the  third  day, 
and  appears  to  be  connected  with  the  termi- 
nal portion  of ,  the  intestine.  Reichert  has 
carefully  inTcstigated  its  deyelopment,  and 
has  shown  that  it  is  not  deyeloped  from  the 
intestine  or  fh>m  the  membrana  mtermediaj 
but  arises  from  two  masses  of  cells,  situated 
at  the  posterior  extremity  of  the  Wolffian 
bodies,  which  afterwards  coalesce,  forming 
a  pear-shaped  mass,  in  which  a  cayity  soon 
manifests  itself.  Passing  from  the  Wolffian 
bodies  to  the  two  small  masses  aboye  referred 
to,  are  two  lines  or  threads,  which  ultimately 
become  the  excretory  ducts  of  the  former 
organs. 

At  an  early  period,  the  allantois  communi- 
cates with  a  common  cayity,  or  cloaca,  into 
which  the  ureters,  the  excretory  ducts  of  the 
Wolffian  bodies,  and  those  of  the  organs  of 
generation  open.  This  is  called  the  mia 
urino-gemtalis.  The  allantois  grows  yery 
rapidly,  and  ultimately  entirely  enyelops  the 
embryo  with  its  amnion  and  yolk,  and 
becomes  appUed  to  the  inner  surface  of  the 


DUgimmi  to  tboir  the  arraiiMineBt  of  the 
ftllftntolii,  and  the  formation  of  the  pUoenta  in 
different  cUeaee  of  animals : — 

a.  A  portion  of  the  wall  of  the  ntema.  b. 
Chorion,  e.  AUaaloli.  d.  Umhlllcal  yealele. 
«.  Amnion. 

A.  In  ruminants.  The  eotjledone,  spread 
ont  orer  the  internal  inr&ee  of  the  nterus,  ti 
into  eap-ehaped  earitiee  formed  bj  the  altered 
ehorion.  The  allantois  is  of  a  rery  larfe  slse, 
and  entirelj  sarronnds  the  emhryo. 

B.  In  the  fera  (eat,  etc.),  the  plaeenta  forms 
a  sone  whioh  snrronnds  the  embryo  like  a  ring . 
There  are  no  eotjledons. 

0.  In  rodentia  and  In  the  hnmaa  mbjeet. 
The  plaeenta  is  limited  to  one  partienlar  part 
of  the  ehorion.  The  allantois  Is  yery  small, 
and  only  distlngnished  at  a  yery  early  sUfe. 


membTSDe  of  the  egg'sboll.     It  is  higbl;  TsscnUr,  sod  is, 

orgin  or  the  chick  u  long  its  it  rcmaina  within  the  abell. 

The  inTangament  of  IhB  capillariea  has  been  imestigsted  by  anr  friend,  ■ 
Mr.  Dnlrjniplc,  irb«  hiks  made  some  rer;  saccessftil  injections  of  the  ilIaDta 
ohick.  On  the  outer  surface  (thst  which  is  in  iiniii«c)iale  contact  with  the  ■ 
of  the  shell),  the  capiUariea  &re  eiceediugly  abondunt  and  Tery  minnte.  HkA^ 
rjmple  comparas  their  umogeinenl  to  thnC  of  the  vessels  in  the  air-cells  of  t^lii{ 
of  reptiles — a  resemblance  of  gT»at  interest,  wbeo  we  consider  Ibat  io  the  hirilUi 
laeKbnaie  performa  a  most  imporlaat  part  io  aerating  the  blood;  indeed,  it  ittkm^ 
■ition  of  the  alluulois  that  all  the  respirator;  changes  taking:  plaae  il  tU 
I.  Tbe  air  passes  through  the  pores  in  the  shell  and  aaiinm 
I  hrOQght  into  contact  with  the  blood  ramifying  in  the  Tenth  rf 
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dwta  of  lh»  WdOMi  bodlai,  mad  tmcItm  Um  NorBtlon  tnm  tkfi  gfawii. 

In  the  human  subject,  soon  after  ita  formation,  a  liilitation  ii 
ohscrved  in  that  part  of  the  allantoia  nearest  the  foetus.  Tbii  a 
the  rudiment  of  the  urinary  bladder.  Juat  at  the  junction  betvHn 
the  vesicular  portion  and  the  etraight  tube  which  paa.<iea  from  tliii 
point  to  the  chorion,  a  folding  or  constriction  occurs,  Thia  indicUti 
the  6rgt  formation  of  tii« 
urachus,  which  has  Wb 
erroneously  considered  u 
be  situated  in  that  pirt 
between  the  vesicle  and 
the  foetus.  This  latla 
portion,  however,  woo 
becomes  divided  intotn 
tubes,  one  being  con- 
nected with  eachWalSu 
body.  These  tubes  »" 
ultimately  converted  iou 
the  ureters.  The  ure- 
ters and  urinary  bladder 
are  gradually  drawn  into 
the  cavity  of  the  pelris. 
through  the  umbilical 
opening.  This  process, 
according  to  Langenbect, 
is  completed  bctireeoihe 
twelfth  and  twentieth 
week.  The  uracbus,  be- 
tween the  hladder  and 
umbilicus,  remains  tubu- 
lar long  after  this,  and 
even  at  birth  in  some  few 
instances;  in  which  cases 
urine  has  been  known  to 
escape  from  the  nmbili- 


migriM  of  ntanu,  wltb  ■  fnllf  rormed 

at  F4ili>plu  tube,    c  DHldu  Terk.    d. 

BMrlf  tllti  witb  OTflm.    t.  Deddun  reSaia.    k.  Oil 

AmnloB.   *.  DubiUiialTHlcU.  II,  Umbtlleal  »rd. 


.grioD.  -Allantoic  JF?«KJ  is 
I*,  "t  clear,  of  »  brorniab  jel- 
^■"^  low  colour.    Ita  Bpedfio 
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gravity  varies  from  1005  to  1080.  It  contains  alkaline  lactates, 
extractive  matters,  and  ammoniacal  salts,  with  alkaline  and  earthy 
phosphates,  and  chloride  of  sodium.  Besides  these,  however,  there 
18  a  definite  crystallizable  substance  peculiar  to  this  fluid,  termed 
aUantoin^  which  is  closely  related  to  urte  acid ;  indeed,  it  may  be 
prepared  artificially  from  this  substance,  while  urea  is  produced  at 
the  same  time.  The  composition  of  allantoic  fluid  seems  nearly 
identical  with  that  of  the  urine  of  calves  while  suckling,  at  which 
time  it  contains  no  hippuric  acid.  This  latter  substance,  however, 
makes  its  appearance  in  the  urine  as  soon  as  the  animal  takes  vege- 
table food.  Uric  add  has  been  found  in  the  allantoic  fluid  of  birds 
by  Jacobson. 

Yelpeau  held  that  the  allantois  completely  surrounded  the  human 
embryo,  as  it  does  in  many  animals ;  but  this  statement  has  beeu 
completely  refuted  by  the  researches  of  Miiller,  Bischoff,  Langen- 
beck,  and  others. 

Umbilical  Card. — The  umbilical  cord  is  the  long,  narrow  pedicle, 
contained  in  a  tube  of  the  amnion,  which  connects  the  foetus  with 
the  placenta.  In  the  advanced  embryo,  it  consists  principally  of 
the  large  vessels,  through  the  intervention  of  which  all  the  nutrient 
material  absorbed  from  the  blood  of  the  mother  is  conducted  to  the 
system  of  the  foetus. 

At  an  earlier  period  of  development,  the  cord  is  really  composed 
of— 

1.  The  remains  of  the  omphalo-enteric  duct,  or  pedicle  of  the 
umbilical  vesicle. 

2.  The  vasa  omphalo-meseraica,  or  branches  of  the  mesenteric 
vessels  of  the  foetus. 

8.  The  urachus,  and  all  that  remains  of  the  allantois. 

4.  The  umbilical  vessels  ;  consisting  of  one  umbilical  vein,  which 
brings  the  blood  back  frtym  the  placenta,  and  two  umbilical  arteries, 
by  which  the  blood  is  carried  to  the  placenta. 

In  animals  generally,  however,  there  are  two  veins,  as  well  as  two 
arteries,  which  are  the  chief  branches  of  the  hypogastric  arteries  of 
the  foetus.  The  circulation  of  the  foetus  has  been  fully  described  in 
page  677. 

Birth. — In  the  human  subject,  the  period  of  pregnancy  lasts  about 
nine  solar,  or  ten  lunar  months,  or  280  days.  It  varies,  however, 
within  certain  limits. 

-  The  phenomena  of  parturition  are  specially  treated  of  in  works 
on  Midwifery ;  so  that  a  very  brief  reference  to  this  part  of  the  sub- 
ject will  only  be  required. 

Of  the  immediate  cause  of  the  contraction  of  the  uterus,  little  is 
known.  Valentin  attributes  it  to  the  excitement  of  the  organs  which 
always  exists  at  the  menstrual  periods ;  and  he  considers  that  par- 
turition takes  place  at  the  tenth  menstrual  period.  Dr.  Tyler  Smith 
has  advocated  a  similar  view,  and  believes  that  the  contractions  of 
the  uterus  are  due  to  the  increased  action  of  the  ovaries  operating 
upon  the  cord  through  the  ovarian  nerves,  which  act  as  exeitor%; 
while  the  uterus  is  thrown  into  contraction  through  the  medium  of 
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no  doabt  im  pwt  du  to  tlw  itimidisptediMA  by  Ao  b 

n*  fntu  H«  in  ntero  «ilk  ili  hMd  Jhwrnnvda  dHbigtWht* 
BOBtlH  of  pngnu^y.  Tbi  ^Bntwotioa  of  tiw  tMafc  — ipnWwh 
of  tiio  Bttno  tondt  to  finM.  tbo  hMd  npoa  th*  m  ■tar^  in  eeH^ 
anoBoe  of  vUoh  th«  drNhr  ttm  of  tto  Inttar  pUmUj  idi^  ni 
tM  opmiag  dUUtM.  ThemNiAnaMinrtpnMMbnraHBttolMin 
ukd  protrodo  throi^h  tho  os,  antU  Kt  uogth  they  tonl,  anf  ibi 
liqnor  unnii  eicapet. 

At  Moh  raoofliuTo  pain,  th«  ebild'i  h«ad  ia  foreed  lowaad  htm 
into  the  Tagina.  Tha  pains  increase  ia  force  and  frcquracr,  laF 
tba  ntflrine  oontraotioas  are  assisted  by  tbe  voluntary  oontmcluiiii ti 
th9  abdoBiMJI  MBJldM  ;  until  at  last,  in  a  violent  puroxT>m  ot  ptiB 
tho  bead  if  bom,  and  the  remainder  of  t)je  oliild  very  f\wMy  (oUam 

▲  littU  hoBemage  usually  occurs  immediately  aftvr  tli«  lirtb^i 
tbo  dnU,  in  oonioqnMkce  of  the  partial  detachment  of  th«  pUcentu 
Thia  ii  fidbwed,  bmnver,  by  contractions ;  and  tb«  placcnU  i^rif 
if  foioed  into  tho  vapna  shortly  after  the  birth  of  the  child.  Wiih 
tho  plaOMita  an  tko  txpelled  portions  of  Uio  membraiia  decidua,  tlit 
nmuns  of  the  dtorion,  and  tho  amnion. 

Aftvr  labosr,  a  oonndaraUe  qaasti^ V  fMid  iliMlM|LilJtihiMliw 
from  tho  nterai.  At  first,  iUt  a  oompoiod  pnnrfpi]^  of  wii; 
but  aftorwardt  it  beoomet  paler,  and  oooMSti  thadij  of  mom^  ntk 
pna  oorpoBcles,  and  a  certain  qoantity  of  fluid  irwTiilatiiHi  &i 
nteniB  ^adoallj  retarns  to  its  former  Tolnmo. 


CHAPTER    XLIV. 

-»IPPLB. — MIHUn   BBCfr 
— ABSOKBEHTB. — MILX. 

Thb  Lacteal  CHandt  are  two  large,  Bymmetrioal  organs,  which  ire 
only  fully  developed  in  the  female.  In  the  male,  howerer,  they 
exist  in  a  very  rudimentary  state.  During  tho  later  half  of  preg- 
nancy, the  lacteal  glands  increase  very  mnch  in  use ;  and  about  tSe 
period  of  parturition,  they  begin  to  secrete  milk.  Xbey  are  racemoM 
glands,  and  are  ultimately  composed  of  numerona  roondioh  follide*, 
arranged  roimd  the  terminal  extremities  of  the  ducts. 

The  structure  of  the  lacteal  glands  formed  the  snbjeet  of  a  veiy 
important  investigation  by  Sir  Aatley  Cooper. 


L&CTIAti  QLAITDB. 


The  lacteal  tubes  are  abont  tirentj  in  namber,  and  terminate  Bt 
the  extremity  of  the  nipple,  by  aa  many  orifices.     The  dQcts  are 
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dilated  aa  they  approach  tho  nipple,  and  the  dilatations  are  called 
re$ervoiri.  In  the  human  Bobject,  these  are  very  small ;  but  in  the 
cow,  they  are  large  enongh  to  hold  a  quart. 

The  nipple  is  surroanded  by  a  dark  coloured  circle,  termed  the 
areola,  smooth  in  the  child,  but  slightly  tubercnlated  at  the  period 
of  puberty.  In  the  child  it  is  about  half  an  inch  in  diameter ;  but 
in  the  adult,  about  an  inch;  while  during  lactation,  it  increases  to 
two  inches.  After  impregnation,  it  changes  from  its  reddish  colour 
to  a  dark  brown. 

A  secretion  is  poured  out  from  the  mucous  follicles,  which  lubri- 
cates the  skin  abont  the  nipple. 

The  terminal  follicles  of  the  gland  were  injected  by  Mascagni ; 
but  for  almost  all  that  we  know  of  the  minute  anatomy  of  the  breast, 
we  are  indebted  to  the  beautiful  researches  of  Sir  Astley  Cooper, 
published  in  1840. 

The  surface  of  the  breasts,  in  the  nnimpregnated  state,  is  smooth 
and  compact ;  but  as  pregnancy  advances,  they  become  uneven,  in 
consequence  of  the  distension  of  the  follicles  with  secretion. 

The  nipple,  before  puberty,  forms  an  almost  smooth  conical 
eminence;  but  in  lactation  it  becomes  flattened,  so  that  its  extremity 
becomes  the  broader  part,  and  thus  it  is  more  readily  held  by  the 
child's  mouth.  Its  characters  have  been  minutely  described  by  Sir 
Astley  Cooper :  "  At  sixteen  years  it  is  slightly  wrinkled ;  at  seven* 
teen,  it  has  small  papilln  upon  its  surface ;  from  twen^r  to  forty 
years,  the  papillee  are  large ;  from  forty  to  fifty,  the  nipple  becomes 
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insUDCCB,  they  bftve  be«n  nnnsaaUy  developed ;  and  inBtances  are 
even  on  record,  where  millc  has  been  secreted  by  the  lacteal  gland 
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of  the  male;  indeed  it  has  been  related  by  Humboldt,  that  the  inrant 
has  been  nonrished  b;  tbe  male  parent  after  the  death  of  the  female. 

The  lacteal  glands  are  developed 
like  other  glands  connected  with  the 
skin.  In  the  fourth  or  fifth  month, 
according  to  the  observations  of  Langer 
and  Kolliker,  a  papillary  projection  of 
tbe  macons  layer  of  the  epidermis 
occarB.  This  increaseB  in  size;  and, 
by  the  sixth  or  seventh  month,  throws 
off  a  number  of  ofisets,  from  which 
the  lobes  of  the  gland  are  gradually 
formed. 

Milk  is  white  and  opaqne,  from 
the  presence  of  nnmerous  oil-globules. 
Besides  these,  which  are  held  in  sus- 
pension, and  are  insoluble,  milk  con- 
tains numerous  nutritious  substances 
which  exist  dissolved  in  the  fluid. 
After  it  has  been  allowed  to  stand  for 
some  time,  the  oil-globules  rise  to  the  surface,  by  reason  of  their 
lightneu,  forming  the  cream. 
58 
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Milk  nsaally  does  not  obtain  its  normal  characters  until  three  or 
four  days  after  delivery.     The  first  proportion,  which  is  secreted 

before  parturition,  is  thinner,  and  contains  but  a 
quantity  of  saccharine  and  oily  materials.  In  it 
albumen  is  often  detected.  This  is  called  the 
colostrum.  The  specific  gravity  yariea  from  1020 
to  1045. 

The  oil  existing  in  milk,  occars  in  a  state  of 
minute  division,  in  the  form  of  oil-globules,  whidi 
are  equally  diffused  throughout  the  fluid.    These 

a.   ColoRtTum    corpus-         •iii.i  i«^j         -^t  ^i*. 

cies.  b.  Milk  globules.  oil-gloDules  are  each  invested  with  a  delicate 
t^girl  t^J^^rrs^u^rint  mcmbrauous  envelope,  composed  of  caseine,  which 
ning  together,  In  couKe-    prevcnts   their  ruDninfi^   tofi^ether.     If  milk  and 

quence  of  the  investing      r  j®ii*^-j.i  -i 

membrane  having  been  ethcr  bc  shakeu  and  Well  mixcd,  thc  oily  con- 
at^at2i5diametenL^^^  .  stitueuts  are  uot  dissolvcd,  in  conseqaence  of  the 

envelope  of  caseine  with  which  they  are  in- 
vested ;  but  if,  previous  to  the  addition  of  the  ether,  a  little  acetic 
acid  or  alkali,  or  alkaline  salt,  which  has  the  power  of  dissolving  the 
covering,  be  added,  the  globules  are  immediately  dissolved,  and  the 
milk  becomes  perfectly  clear.  By  chuminff^  the  envelopes  are 
ruptured,  and  the  oil-globules  are  made  to  run  together,  forming 
butter. 

If  the  slightly  turbid  solution  from  which  the  cream  has  been 
removed  be  allowed  to  stand  for  some  time,  or  if  an  acid  be  added  to 
it,  a  flocculent  precipitate  occurs.  This  is  caseine,  which  is  coagu- 
lated by  all  acids.  It  is,  however,  not  coagulated  by  heat;  but 
during  evaporation,  a  scum  forms  upon  the  surface  of  solutions  con- 
taining caseine. 

The  following  analyses  show  the  chemical  composition  of  human 
milk.     Specific  gravity,  1030—1034. 


Colostrum. 

4  days  after 

parturition. 

Water    .     .     . 

8280  . 

• 

.    879-848  . 

8oli(l  matter    . 

1720  . 

• 

.    120152  . 

All)araen     .     . 

40  0  caseine      35-3;?3  . 

Butter    .     .     . 

50  0  . 

• 

.      42-%8  . 

Sugar  of  milk  . 

700  . 

• 

.      411 35  . 

Salts      .     .     . 

31  . 

• 

2  005  . 

9  days. 

12  dajs. 

ATonc 

885-818  . 

.  905-809  . 

.    8V1-0 

114182  . 

.     94191  . 

.    If^H) 

30-912  . 

.     29111  . 

8o-31t>  . 

.     33-454  . 

.      :;71 

42-979  . 

.     31-537  . 

.      >A 

1-G9I  . 

1039  . 

I'J 

The  first  two  analyses  are  by  Franz  Simon,  and  the  last  three  ly 
Clemm. 

Cow's  milk  contains  more  caseine  and  less  sugar  than  human  milk. 
Ass's  milk  contains  less  butter  and  less  caseine,  but  more  susrar; 
while  in  goat's  milk  the  caseine  preponderates  over  the  other  con- 
stituents. L'Heretier  has  shown  that  temperament  exerts  an  influ- 
upon  the  character  of  the  milk.  The  average  quantity  of  solid  matter 
in  1000  parts  of  milk  from  fair  women,  was  120  grains ;  and  of 
brunettes,  as  much  as  134  grains. 

The  characters  of  the  milk,  also,  it  need  hardly  be  said,  are  much 
influenced  by  the  health  and  diet  of  the  mother,  and  by  the  age  of 
the  infant.  At  first,  the  caseine  is  small  in  quantity,  and  gradually 
increases  up  to  its  normal  standard ;  while,  on  the  other  hand,  the 
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proportion  of  sugar  is  very  large  at  first,  and  snbseqaently  diminishes 
in  quantity.  The  proportion  of  batter  varies  considerably.  Phos- 
phate of  lime  is  very  soluble  in  solutions  of  caseine,  and  in  this  way, 
no  doubt,  is  introduced  into  the  system  of  the  young  animal. 

In  disease,  the  milk  may  contain  blood,  pus,  or  mucus,  and  occa- 
sionally lactic  acid  and  albumen  have  been  detected  in  it;  urea  and 
bile-pigment  have  also  been  found  in  milk. 

Upon  the  subject  of  laet&tioD,  the  student  may  refer  to  the  following :  On  the 
Anatomy  of  the  Breast,  by  Sir  Astley  Cooper,  1889.  C.  Langer,  Ueber  den  Bau  und 
die  Entwicklung  der  MilchdrGsen,  mit  8  Taf,  IXenkschr.  d.  Wiener  Akad.  Bd.  iii. 
Wien.  1851.  Article  "Mammary  Gland,"  by  Mr.  Solly,  in  the  Cyclopaadia  of  Ana- 
tomy and  Physiology.  And  Simon's  Animal  Chemistryi  translated  by  the  Sydenham 
Society. 
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Abdominal,  mnsoles,  inflaenoe  on  Tomitiog, 
564,  action  of,  in  defecation,  608 ;  respi- 
ration, 718 

Abeorbents,  minute  anatomy  of,  613 ;  eon- 
tractility  of,  615  ;  contentu  of,  619 ;  func- 
tion of,  627 ;  viewed  a<  a  glandular  syBtem, 
627 ;  of  lacteal  glands,  900 

Absorption,  611 ;  inflaenoed  by  motion  of  the 
flnid,  626;  by  pressare,  625;  by  porous 
solid,  624 ;  by  quality  of  fluids,  623 ;  me- 
chanism of,  622  ;  of  chyle  by  yilli,  578 ;  of 
gum,  sugar,  alcohol,  etc.,  578 ;  of  tissues, 
61 1 ;  by  bloodvessels,  619 ;  by  the  stomach, 
562,  588  ;  and  secretion  in  the  skin,  372. 

AcalephsB,  823 ;  renal  organs  of,  786 ;  re- 
production of,  825 

Acenrulus,  252 

Acetic  acid,  action  of;  upon  wall  of  Pacinian 
corpuscles,  347 ;  upon  epidermis,  362 

Achromatism  of  eye,  432 

Acids,  effect  of  in  digestion,  555 ;  nature  of, 
in  gastric  juice,  557;  laetie,  in  gastric 
juice,  558 

Action  of  heart,  672 

Adaptation  of  eye  to  vision  at  different  dis- 
tonces,  429 

Addison,  Dr.  W.,  on  fibrin  of  blood,  634 ;  on 
lobular  passages,  712 ;  on  supra-renal  cap- 
sules, 815 

Adipose  tissue,  88 ;  vesicles,  89 ;  bloodvessels 
of,  90 ;  development  of,  93 ;  subcutaneous, 
354 

Admirault  on  taste,  386 

Aerial  capacity  of  lungs,  722 

After-tastes,  390 

Age,  influence  of;  upon  animal  temperature, 
736 ;  upon  quantity  of  carbonic  acid  ex- 
pelled, 726 

Aggregate  glands,  583 

Air,  accumulation  of  in  stomach,  563;  a- 
monnt  breathed,  722 ;  changes  of,  in 
respiration,  723;  expired,  volume  of  car- 
bonic acid  in,  724 ;  residual,  722;  respired, 
temperature  of,  723 

Air-cells,  709 

Albinus,  on  the  muscular  coat  of  the  small 
intestines,  572 

Albinos,  light  painfull  to,  434 

Albumen,  53 ;  acted  on  by  gastric  juice,  555 ; 
digestion  of,  555 

Albuminous  aliment,  515 

Alcock,  Dr.,  his  experiments  on  taste,  387 ; 
on  gloMO-pharyngeal,  388  ^  on  sensation 
in  tongue,  888  ^ 

Alcohol,  its  influence  on  res]dration,  725 ;  on 


retarding  digestion,  562 ;  its  action  on  gas- 
trie  juice,  557 

Alexis  St.  Martin,  561 

Alimentary  canal,  development  of,  883 ; 
mucous  membrane  of,  522  ;  compartment 
of  pharynx,  541 

AlUntoic  fluid,  890 

AUantoin,  897 

Allantois,  871,  894;  development  of,  881. 

Allen  and  Pepys ;  on  the  quantity  of  carbon 
removed  from  the  body,  730 ;  on  the  pro- 
portion of  carbonic  acid  in  expired  air,  727 

Alto  voice,  754 

Alveolus,  526,  532 ;  of  lung,  712 

Amaurosis,  433 

Ammoniacal  salts  in  urine,  802 

Amnion,  formation  of,  869, 892 

Amphibia^  generative  organs  of^  828 ;  organ 
of  hearing  of,  443 

Amjphioxus  lanceolatus,  nervous  system  of, 
2f  6 

AmpnllsB,  450 

Amylaceous  substances  not  digested  by  sto- 
mach, 588 

Analysis,  of  blood,  quantitative,  643 ;  of 
blood  of  dog  under  the  influence  of  vene- 
section, 646 ;  of  milk,  902 ;  of  ox-gall, 
598 

Anastomosis,  of  arteries,  666  ;  of  Jacobson, 
447  ;  of  nerves,  201 ;  of  third  nerve,  474 

Anderson,  Dr.,  experiments  on  vomiting,  564 

Andersch,  on  the  ganglion  petrosum,  485 

Andral,  cases  of  lesion  of  optic  thalamus  and 
corpus  striatum,  311 

Andral  and  Gavarret,  on  the  influence  of  age 
upon  the  exhalation  of  carbonic  acid,  726 

Anencephalic  foetus,  movements  of,  278 

Animal  heat,  733  ;  influence  of,  on  nervous 
system,  742 ;  theory  of,  740 

Annelida,  liver  of,  770 ;  renal  organs  of,  786 ; 
reproductive  of,  820  ;  sexual  apparatus  of, 
825 

Annulus  ovalis,  666 

Anaemia,  value  of  iron  in  the  treatment  of, 
645 

Ant-eater,  tongue  of,  524 ;  teeth  of,  526 

Anterior,  chamber,  420 ;  columns  of  cord, 
282 ;  venous  trunks,  882 

Antero-lateral  columns  of  cord,  faction  of, 
284,  285 

Anthelix,444 

Antiperistaltic  action,  584 

Antiseptic  power  of  bile,  598 

Antitragus,  445 

Aorta,  origin  of,  650 
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tnbM,88l;  iamlicpaMiai 9t,  880 
Ib,  818 
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418 
AqMdTMtaTaoeUMi,  4»S;  MraB,  MT; 

aowitof«ntlod«i»B«rT«lBy4TT;  fljjMI, 

961 
Ameon,  «1IbmbIh7  natsflali,  PMqp.  ^ 

616 ;  Tapor,  tarhriatlon  of.  TSi 
AiMlmlda,  dreidation  of^  706 ;  muil  otgaoi 

of»  786 
Amohnoid  membruie,  280;    faburaobnoid 

MTily,  281 
Ana,   gwrminatiTa,  869;   ptiliieida,    868; 

Titollhia,  864 
Aradla  cf  alppto,  899 
Anotar,  framaworiccf  iklii,  866;  Umn$  eon- 

powd  of  nUto  tad  voUmr  f  l»roai 


84;  Hi  ootywioi,  84;  dovalopMatk  86; 
ltoooIfaawanMOi,86;  tti  ■■ooirttea  irf«h 
MoodT— tig,  88;  dlrtribatton,  88|  nd 
uoo,  87;  ModHiwtiimi  of  Hi  ole— a^  87 ; 
in  ioroiai  ■— fcraaoi^  UO;  phjrioal  |n- 
portloB,  88;  of  anadM,  169;  biiaoaft 
maooos BombraaOi  67t;  of  jhaiyBS,  64S; 
■ob-boatmanl,  684 

Aigonani,  onmal  apDamfcaa  ol^  818. 

Antfld,  Btaahoff  and  Bonda,  oa  tfao  qiaal 
aoooMoiy  Borfa,  496 

Arnold,  on  «lio  otio  ganaHoB,  661;  on  tlio 
bcaneh  of  aoira  tnm  tto  olle  gaa^HoB  to 
Toaaor  tvmpaBL  468 ;  on  doTdonaoBt  of 
teeth,  681 

Arterial,  sjttem,  665 ;  blood,  629 ;  and  Ton- 
cm  blood,  646 

Arteries,  649 ;  deyelopment  of,  870 ;  braaeb- 
ing  and  aaaitomooii  of,  666 ;  external  ooat 
of,  660 ;  middle  coat  of,  650  ;  epithelial 
layer,  658 ;  aerres  of,  656 ;  yasa  Taioram 
of,  650;  of  choroid,  407 ;  of  penis,  646 ;  of 
stomaoh,  646 

Artery,  hejpaUo,  774 ;  posterior  oommnnloa- 
ting,  264;  pulmonary,  707;  splenic,  810. 

ArticnUta,  digestire  organs  of,  514;  elron- 
lation  in,  697 

Artioalation  of  lower  jaw,  538 

Artificial,  digestive  fluid,  557  ,*  diyision, 
multiplication  by,  820 

Arum  maoulatnm,  temperature  of,  733 

Arytenoid  cartilages,  746 

Ascaris  dentata,  cleavage  of  yolk  in  ovnm  of, 
856 ;  nigrovenosa,  cleavage  of  yolk  in  ovum 
of,  856 

Ascidia,  heart  of,  663 

Asellias,  the  discoverer  of  lacteal  vessels,  612 

Asphyxia,  circulation  in  pulmonary  capil- 
laries in,  699 

Ass'  milk,  902 

Assimilation,  34 

Astacus  fluviatilis,  spermatozoa  of,  836 

Asthma,  nature  of,  493 ;  following  section  of 
vagi,  492 

Atrophy  of  glands  in  advancing;;  life,  611 

Attention,  its  importance  in  vision,  436 

Attitude,  183  ;  stonding,  184 ;  walking,  185 

Auditory  canal,  445 

Auricle  of  ear,  444 ;  use  of,  464 

Auricles  of  heart,  664 ;  muscular  fibre  of, 
671 J  suction  power  of,  702 
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Bal,  elmdBlion  fa  «fagL<  IMf 
tOBoh  In  tta  wimm  o£lM 

BatMhlB,  bMtaS  BBad  <  888 

Beayar,  apHUlBl  aaerallon  afpnii 

Beale,  Dr.,  hii  aaalyaia  of  doAUmi,  M; 
of  heallhylridnay,  788 ;  llvar,  788 ;  Ovnii 
816 ;  on  eUorf  daa  in  tiia  nilBa,  891;  w6i 
of  ii^eoting  tha  tabalnr  natworiL  of  At 
Urer,  780;  on  tha  ralatlon  of  the  hs^ 
daoti  to  tiba  Urmr  etiOa,  TBI;  on  ptml 
noooli,  776 ;  axamlnntkm  of  Urncr  anai^ 
891 

Bean,  on  ordiaaij  raopiratloB,  Tl8 

Beanmont,  Dr.,  on  ehiuiMa  in  iBooBi  aaa- 
braae  of  the  otmnaah,  661 ;  on  the  lali  rf 
digestion,  661 

Beccaria,  on  glatinona  portion  of  the  Ibod. 
515 

Beck,  Dr.  T.  Snow,  bis  disaeetioa  of  the  fjv- 
pathetic,  499;  on  nerres  of  die  ntervi. 
844 

Becquerel,  and  Breschei,  for  the  temperatm* 
of  internal  parts  of  the  body,  735 :  and 
Rodier,  their  analysis  of  the  blood,  644 

Bell,  Sir  Charles,  on  the  Ibnrth  nerre  h 
apes,  476 ;  on  the  functions  of  roots  of 
nerves,  274 ;  on  tha  smnal  aecesioiy  nerre, 
497 

Belladonna,  effects  of,  npon  the  cord,  283 

Bellini,  tubes  of,  789 

Bellows  murmur,  674 

Bennett,  Dr.  Hughes,  on  leneoeytheaus, 
648 :  on  the  spleen,  810 

Benzoic  acid  formed  fh>m  hipporie  acid,  801 

Bergmann,  on  the  supra-renal  capsnles,  815 

Bernard,  on  branches  of  the  portal  rein,  677; 
on  the  digestion  of  fat,  694 ;  ezperimeati 
on  the  functions  of  the  liver,  604 ;  on  tb« 
influence  of  the  nerroaa  system  npon  sai- 
mal  heat,  743;  on  panoraaHe  jaiee,  592; 
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and  Bfureswil  on  the  tction  of  pancreatic 
fluid  on  starch,  589 ;  on  the  acid  of  the 
g««trto  juice,  558 ;  on  the  ftpinal  accemory, 
496  ;  and  Blondlot  apon  the  acid  fluid  of 
the  cAcnm,  008 

Bertelios,  his  analysiB  of  ffeces,  609  ;  analy- 
sis of  Ien9,  420 ;  analysis  of  ox-gall,  598 ; 
of  vitreous  humour,  417 

Besoin  de  respirer,  not  destroyed  by  section 
of  Tagus,  492 

Bichloride  of  mercury,  its  action  on  digestive 
fluid,  557 

Bidder,  on  the  quantity  of  Ijrmph,  622  ;  and 
Schmidt  on  the  quantity  of  bile,  784 

Bicuspid  teeth,  527 

Bile,  escape  through  a  fistulous  opening, 
597;  colouring  matter  of,  599;  fat  of, 
598  ;  its  escape  faronred  by  digestion,  597  ; 
influence  on  coi^nlation  of  blood,  632  ; 
not  exclusively  an  excretion,  602 ;  passage 
into  duets,  784;  physical  and  chemical 
characters  of,  598 ;  quantity  of,  597,  784 ; 
in  human  faeces,  602 ;  uses  of,  600 ;  se- 
creted from  portal  blood,  596 ;  saline  con- 
stituents, 600 ;  pigment  in  milk,  903 

Bilifellinic  and  Bilioholinio  acids,  599 

BUin,  598 

Biliverdin,  599 

BUI  of  birds,  524 

Biot,  M.,  on  the  detection  of  sugar  by  the 
polariscope,  561;  on  propagation  of  sound, 
463 

Biphosphate  of  lime  in  gastric  juice,  557 

Birds,  aortic  arches  of,  882 ;  blood  corpuscles 
of,  635;  circulation  of,  707;  cochlear 
nerves  in,  457;  digestive  organs  of,  513 ; 
crop  of,  513 ;  early  changes  in  egg  of,  863 ; 
intestinal  canal  of,  569 ;  heart  of,  663 ; 
organ  of  hearing  of,  444  ;  sympathetic  in, 
498  ;  uric  acid  ha  allantoic  fluid  of,  715 ; 
vessels  of  lung  of,  897 ;  villi  of,  576  ;  vocal 
organs  of,  745 

Birth,  897 

Bischoff,  on  the  amnion,  892;  on  formation 
of  corpora  Intea,  851 ;  on  formation  of 
blastodermic  vesicle,  857 ;  on  impregnation 
of  ovum,  853;  on  stellate  cells  of  lona 
pellucida,  855;  on  the  development  of  Uie 
eye,  879 ;  tunica  media  of,  874  ;  and  Vogt 
on  the  pulsations  of  the  heart  before  the 
formation  of  muscular  fibres,  882 

Bishop^  on  the  production  of  fklsetto  notes, 
754 

Bladder,  804 ;  development  of,  896 ;  forma- 
tion of,  874 

Blagden,  Sir  Charles,  experiments  on  the 
effects  of  a  high  temperature  on  the  body, 
737 

Blainville,  De,  on  the  perilymph,  453 

Blake,  on  the  hearths  force,  689  ;  on  the  rate 
of  the  circulation,  705 

Blastodermic  vesicle,  858 ;  formation  of,  857 

Blindness,  coincident  with  disease  of  corpora 
quadrigemina,  313 

Blondlot,  on  acidity  of  gastric  juice,  557;  on 
escape  of  bile,  596 ;  on  use  of  bile,  602 

Blood,  628 ;  analysis  of,  643 ;  arterial  and 
venous,  629,  645;  buffing  and  cupping, 
632 ;  changes  in,  from  respiration,  728 ; 
coagulation  of,  629 ;  density,  645 ;  of  dog 
after  venesection,  646 ;  fibrin  of,  634 ; 
quantity  of,  630 ;  red  corpuscles  of,  634 ; 


serum  of,  633  ;  specific  gravity  of,  628 ;  in 
aniemia  and  after  hemorrhage,  633 ;  in- 
crease of  fibrin  in,  647 ;  in  intermittent 
fever,  648;  in  gout,  648;  in  rheumatic 
fever  and  pneumonia,  647 ;  physical  analy- 
sis of,  629 ;  temperature  of^  645 ;  urea  in, 
800  ;  of  spleen,  changes  in,  813 ;  of  vena 
portsB,  645 

Blood  corpuscles,  aggregation  of,  635 ;  colour- 
less, 637  ;  development  and  decay  of,  642 ; 
generation  of,  in  the  liver,  606 ;  of  birds, 
635 ;  of  camelidsB,  635 ;  fishes,  636 ;  of 
invertebrata,  636 ;  in  animals,  635 ;  rep- 
tiles, 635  ;  function  of,  640 ;  nature  of, 
636 ;  origin  of,  639  ;  of  spleen  pulp,  808 ; 
structure  of,  636 

Bloodvessels,  649  ;  of  adipose  tisroe,  90  ;  of 
bone,  110;  of  brain,  263;  of  cartilage,  99; 
of  fibrous  tissue,  80 ;    of  lacteal  glands, 
627  ;  of  meninges,  228  ;  of  muscle,  159 : 
of  nerves,  200 ;    of  pulp  cavity,  532 ;  of 
viUi,  577 

Blubber,  356 

Blumenbach,  cases  of  eongenital  deflcieney 
of  tongue,  387 

Blushing,  697 

Boa,  circulation  in  kidney  of,  796 

Body  of  lens,  418  ;  of  tooth,  526 

Boerhaave  and  Bressa,  on  the  use  of  the 
Eustachian  tube,  469 

Bone,  102 ;  physical  and  chemical  properties, 
103, 105;  rickets  and  mollities  oesium,  105; 
general  structure,  107;  long,  flat,  and  ir- 
regular, 107 ;  Haversian  canals,  110 ;  gran- 
ules of  the  osseous  tissue.  111 ;  pores  and 
lacunse,  112;  lamellsB,  114,  110;  nerves, 
118;  development,  118;  growth,  122;  re- 
paration, 125 

Bouchardat  and  Sandras,  experiments  on 
chyle,  588 ;  on  digestion  of  starch,  561, 
589 

Bourgery,  on  inspired  air,  723 

Brachet  and  Dr.  J.  Reid,  on  influence  of 
nerves  in  hunger,  521 

Brain,  or  encephalon,  237 ;  its  four  segments, 
237  ;  weight,  237 ;  association  with  mind, 
239  ;  circulation  in,  263 ;  is  it  compressi- 
ble? 267;  functions  of,  303;  capillaries 
of,  660 ;  convolutions  of,  321 ;  effects  of 
alterations  of  pressure  upon,  268 

BranchisB,  706 

Branchial  fissures  and  arches,  870 

Branching  of  arteries,  656 

Breschet,  on  the  veins  of  bone,  110  ;  on  the 
temperature  of  internal  parts  of  the  body, 
735  ;  on  the  utriculus,  443 

Brewster,  Sir  David,  on  achromatism  of  eye, 
432  ;  on  adaptation  of  eye  to  vision  at  dif- 
ferent'distances,  429;  on  fibres  of  lens, 
419 ;  on  the  refiraotive  power  of  the  lens, 
419 

Brinton,  Dr.,  on  inversion  of  the  action  of 
the  stomach,  563 ;  on  antiperistaltic  action, 
584 

Brodie,  Sir  B.,  on  chyle,  621 ;  experiments 
on  digestion  of  fat,  561 ;  on  the  uses  of  the 
bile,  603 ;  on  the  influence  of  the  nervous 
system  in  animal  heat,  742 

Bronchi,  709 

Bronsing  of  skin  by  sun,  363 

Brown,  Robert,  on  molecular  motion,  71 

Brunn  or  Bronner,  on  exhalation  of  aqaeoiu 
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(Chorion,  866 ;  on  papillary  strnotiire  of tongne, 
1178 

Choroid.  407;  of  birds,  409 

Choroidal  gland,  409 

Chonai,  on  eifeets  of  impaired  nntrition,  531 ; 
on  death  from  etanration,  738 

Christif  on  on  the  influence  of  yeneseetion  on 
the  blood,  646 

Chromatio  aberration,  428  * 

Chnming,  elTeot  of,  on  oil  globules  of  milk, 
902 

Chjle,  586, 587 ;  analysis  of,  623 ;  absorption 
of  by  yilll,  578 ;  corpnsoles,  587 ;  fibrine 
in,  619 ;  white  colour  dependent  upon  oily 
matter,  621 ;  and  lymph,  quantity  of,  622 ; 
transparent  and  white,  cause  of,  589; 
white,  independent  of  the  bile,  60S 

Chyme,  561 

Cicatrix  in  orary  after  the  escape  of  the  omm 
from  the  follicle,  849 

Ciliary,  ganglion,  500;  motion,  73;  inde- 
pendent of  nerves,  74 ;  distribution  in  the 
animal  kingdom,  75 ;  when  found  in  man, 
75 ;  its  uses,  76 ;  cause,  77 ;  ligament, 
muscle,  412 ;  nerves  long,  428 ;  result  of 
irritating,  434;  processes,  410;  of  vitreous 
body,  416 

Ciliated  epithelium,  523 ;  in  kidney  of  fh)g 
and  newt,  791 ;  of  nose,  393 

Circular  fibrous  coat  of  arteries,  651 

Circulation  of  blood,  649 ;  in  embryo,  881 ; 
in  arteries,  679 ;  in  brain,  263  ;  course  of, 
676  ;  in  capillaries,  693 ;  continuous,  680 ; 
forces  of,  694 ;  in  foetus,  677 ;  foroes  of, 
678 ;  in  frog's  foot,  695 ;  in  lymphatics, 
618 ;  rate  of,  704 ;  in  vascular  area  of  eggs, 
697 ;  in  veins,  700 

Circumvallate  papillss,  381 

Cirrfaopoda,  sexual  organs  of,  826 

Claspers,  in  cartilaginous  fishes,  827 

Cleavage  of  yolk  alter  impr^piation,  855 

Clemm,  his  analysis  of  milk,  902 

Climate  and  seasons,  influence  of  upon  tem- 
perature, 736 

Clothing,  influence  of,  upon  temperature  of 
the  body,  738 

Coagulation  of  bloed,  phenomena  of,  630 ; 
of  caseine,  etc.,  by  gastric  juice,  556 

Coathupe,  Mr.,  on  volume  of  carbonic  acid 
in  expired  air,  724 

Coats  of  a  vein,  658 

Cochlea,  451 ;  action  of,  471 ;  of  birds,  444 

Cochlear  ligament,  456 

Cochlearis  muscle,  455 

Cold  climates,  food  in,  516 ;  eifeets  of  on  taste, 
388 

Cold-blooded  animals,  734 

Cole,  on  the  velocity  of  the  circulation  in 
arteries,  692 

CoUard  de  Martigny,  on  the  lymphatics 
during  fasting,  521 

Colliculus,  885 

Colostrum,  902 ;  corpuscles,  900 

Colon,  567 ;  cells  of,  573 ;  muscular  coat  of, 
572 

Colour  of  hair,  destroyed  by  chlorine,  367 

Colouring  matter  formed  by  red  blood-cor- 
puscles, 641 

Colourless  corpuscles,  office  of,  641 

Columella  or  modiolus  of  ear,  451 

ColnmBS  of  eord,  functions  of,  283 

Column*  rugarum,  of  vagina,  845 


Columnar  epithelium,  523 ;  of  bladder,  805 ; 

of  ureter,  804 ;  of  viUi,  576 
Coma,  323,  327 

Commissunl  fibres  of  retinss,  440 
Commissures,  cerebral,   258;   functions  of, 

329 
Common  gall  duct,  596 
Common  sensation,  356 ;  sensibility,  352 
Comparative  anatomy,    its  value    to  phre- 
nology, 49 
Compound    mucous    membrane,    546,   573; 

tissues,  62 
Compressible  pulse,  682,  684 
Compressor  urethne,  834 
Concha,  445 

Cones,  uriniferous  tubes  in,  793 
Congestion,  active  and  passive,  698 
Conical  teeth,  526 
Conium,  effect  of,  on  cord,  282 
Conjugation,  821 
Conjunctiva,  404;   imitation  of,  from  duct, 

698 
Consciousness,  45 
Consonants,  how  produced  in  vocalisation, 

757 
Contact,  or  catalysis,  741 
Contiguity,  continuity,  345 
Contraction,  active,  164,  170,  173 ;  passive, 

164 ;  duration  and  extent  of,  175 
Contractility,  68,  163 :  of  absorbent  vessels, 

615 ;  of  arteries,  654,  682  ;  of  skin,  355  ; 

varying  character  of,   evidenced    by  its 

duration,  177  ;  by  its  aptness  to  excitation, 

179 
Convoluted  portion  of  uriniferous  tubes,  789, 

791 
Convolutions  of  brain,  253;   funetions  of, 

321 
Convulsions,  from  lesion  of  corpora  quadri- 

gemina,  313 
Cooper,  Sir  Astley,   on  circulation  in  the 

brain,  265 ;    on  the  lacteal  glands,  898 ; 

absorbents  of,  900 ;  on  the  thymus,  817 
Co-ordination  of  movements,  301 
Copulatory  organs  of  insects,  827 
Cord,  invested  with  amnion,  892 
Cords,  vocal,  position  of  in  vocalisation,  753 
Cornea,  404 
Comicula  laryngis,  747 
Corona  glandis,  833 
Coronary  arteries,  664 ;  vein,  664 
Corpora  cavernosa  penis,  833 ;   lutea,  850, 

851 ;  mamillaria,  359  ;  quadrigemina,  313 ; 

fibres  from,  to  chiasma,  433;  and   bige- 

mina,  878  ;  striata,  connections  and  func- 
tions, 308,  310 
Corps  reticnl^  of  Velpeau,  892 
Corpus  Arantii,  665,  668 ;  callosum,  funetions 

of,   329;    fomicis,   259;    Highmori,   830; 

spongiosum  urethrsB,  832  ;  striatum,  250 
Cortex  of  hair,  formation  of,  365 
Cortical  portion  of  kidney,  789 ;  of  supra- 
renal capsules,  814 
Coste,  M.,  on  the  decidua,  862 
Coeto-superior  respiration,  718 
Cotyledons  of  ruminants,  888 
Course  of  the  circulation,  676 
Cow,  corpus  luteum  of,  852 ;  milk  of,  903 
Cowper,  glands  of,  832,  845 ;  on  capiUaries, 

663 
Crampton,  Sir  P.  on  the  ciliary  mwela  of 

birds,  418 


INDBZ. 


911 


Eoker,  on  spienio  blood,  607 ;  on  snpra-renal 
eaprales,  814 ;  and  B^olard,  on  disintegra- 
tion of  blood-oorpusoles  of  the  spleen,  813 

Echidna,  828 

Echinodermata,  reproduction  of,  825 

Edentata,  intestinal  canal  of,  570 

Edwards,  Dr.,  on  the  temperature  of  the 
hnman  body,  735 

Efferent  vessel  of  Malpighian  body,  789 

Ehrenritter,  on  the  ganglion  jognlare,  485 

Ejacnlatory  canals,  830 

Elaine,  59,  90 

Elastic  laminsB,  anterior  and  posterior,  406 

EUsticity  of  arteries,  654 ;  of  arterial  walls, 
679  ;  of  tissues,  66 

Electrical  Ashes,  223;  organs,  350;  enrrent 
in  muscles,  332 

Elements  of  organic  matter,  essential  and 
incidental,  29  ;  mode  of  combination,  31 ; 
of  respiration  in  food,  516 

Emotions,  339 ;  centres  of,  307,  314 ;  effects 
of,  on  speech,  755 ;  mechanism  of,  682 

Embryo,  blood-corpoaoles  in,  638;  cell,  856 

Emetics,  564 

Emulsion  of  fat  and  pancreatic  fluid,  594 

Enamel,  530 ;  pulp,  533 

Encephalic  nerves,  271 

Enderlin,  on  ashes  of  feces,  610 

Endochorion,  892 

Endolymph,  453 

Sndosmose,  into  blood-corpuscles,  637 ;  con- 
cerned in  the  action  of  purgatives,  624 ; 
and  exosmose,  67 

Enemata,  action  ot,  609 

Entosoa,  circulation  of,  706 ;  from  foUioles  of 
skin,  371 ;  reproduction  of,  825 

Epeneephallo  vertebra,  876 

Epidermis,  359  ;  action  of  acetic  acid  upon, 
361 ;  shedding  of,  361 

Epididymis,  develoinnent  ot,  887 

Epiglottis,  747 

Epilepsy,  281 

Epiploon,  568 

L^Epione,  on  the  action  of  the  stomach  in 
vomiting,  565 

Epithelium  of  absorbent  vessels,  614 ;  of 
aqueous  humour,  407 ;  of  artery,  653 ;  of 
bladder,  805  ;  of  cavities  of  the  heart,  666 ; 
choroidal,  409 ;  ciliated,  of  Fallopian  tube, 
842;  conjunctival,  404;  of  convoluted 
portion  of  uriniferous  tubes,  792 ;  of  Cow- 
per^s  glands,  832;  of  ducts  of  glands,  765 ; 
imbricated,  of  hair,  366 ;  of  Lieberkbhn's 
follicles,  573;  of  lymphatic  glands,  616; 
of  minute  hepatic  ducts,  783  ;  of  mucous 
membrane,  523 ;  of  nasal  cavity,  393  ;  of 
CMophagua,  544 ;  of  pancreas,  767 ;  of 
papilln  of  tongue,  379 ;  of  prostate,  831 ; 
of  soaltD  of  cochlea,  457 ;  of  seminal  tu- 
bules, 835 ;  changes  in,  during  the  develop- 
ment of  Uie  spermatozoa,  835;  of  skin, 
353;  of  stomach  cells,  547;  of  sweat- 
glands,  369  ;  of  uterus,  844 ;  of  villi,  576  ; 
during  fluting,  578 ;  during  intestinal  di- 
gestion, 586 

Erectile  tissue,  578 ;  of  penis,  832 

Erection  of  nipple,  356,  900 

Eremacausis,  741 

Erichsen,  Mr.,  his  experiments  on  absorption, 
611 

Eructation,  563 

Eruption  of  permanent  teeth,  period  of,  538 


Eruptive  stage  of  development  of  teeth,  536 

Sschricht,  on  the  relation  of  the  foetal  capil- 
laries to  the  maternal  vessels,  890 

Ether,  effect  of  inhalation  of  upon  the  quan- 
tity of  carbonic  acid  expired,  725 

Eustachian,  tube,  448;  use  of,  469;  valve, 
666,  677 

Eyelids,  development  of,  880 

Excito-motory  actions  of  cord,  280 

Excretion,  34,  758 

Excretine,  759 

Exercise,  favouring  or  retarding  digestion, 
562 ;  effects  of,  on  respiration,  725 ;  on 
temperature  of  the  body,  735 

Expiration,  720;  muscles  of^  concerned  in 
vomiting,  566 

Extensibility  of  tissues,  66 

External  meatus,  444 ;  tunic  of  arteries,  650 

Extractive  matter  in  urine,  801 

Extremities,  141,  145 

Extraordinary  muscles  of  respiration,  720 

Eye,  general  description  of,  402;  of  birds, 
cetaeea,  and  fishes,  403 ;  of  invertebrata, 
402 ;  Uds,  424 

Fabkr  and  Silbermann,  on  animal  heat,  742 

Face,  development  of,  877 

Facial  nerve,  477  ;  disease  of,  479 

FsDces,  analysis  of,  609;  expulsion  of,  608; 
quantity  of,  609 

Fallopian  tube,  842 

False  corpora  Intea,  851 

Falsetto  notes,  754 

Farre,  Dr.  Arthur,  on  bryoioa,  514 ;  on  organ 
of  hearing  in  Crustacea,  443 

Fascia,  subcutaneous,  354 

Fascination  of  prey  by  serpent,  342 

Fasting,  effects  of,  521 ;  on  quantity  of  ex- 
pired carbonic  acid,  725 

Fat,  90 ;  constituents  of,  90 ;  ultimate  analy- 
sis of,  91 ;  distribution  of,  in  animals,  91 ; 
in  man,  92,  93 ;  morbid  accumulation  of, 
92 ;  whence  derived,  93 ;  uses,  94 ;  in  the 
liver,  605 ;  in  the  stools,  595 ;  subcutane- 
ous, 356 

Fatty  degeneration,  of  foetal  tufts,  890 ;  of 
muscular  fibre-cells  of  uterus,  843;  de- 
generation of  liver,  analysis  of,  768 ;  cells 
in,  781 ;  matter,  absorption  of,  591 ;  action 
of  pancreatic  fluid  upon,  595;  in  chyle, 
621,  substances,  digestion  of,  561 

Fauces,  mucous  membrane  of,  supplied  by 
glosso-pharyngeal,  487 ;  highly  sensitive, 
307 

Fecundity  of  osseous  fishes,  827 

Feeling  in  tongue,  387 

Fellinic  acid,  598 

Female  oigans  of  generation,  839 

Fenestra  ovalis  and  rotunda,  446 

Fenestrated  membrane  of  arteries^  654 

Femaby,  Mr.,  on  the  areas  of  arteries,  692 

Ferrein,  on  the  production  of  vocal  soundp, 
752 ;  on  the  pyramids  of  the  kidney,  787 

Festoons  of  heart,  668 

Fever,  fseces  in,  610 

Fibres  of  lens,  418 

Fibrin,  54;  in  blood,  634;  in  chyle,  587. 
588;  and  lymph,  619;  d[iminution  of,  in 
fevers,  648 ;  formed  by  white  blood-cor* 
pusoles,  641 ;  increase  of,  in  blood,  647 

Fibro-cartilage,  stmctnre,  properties,  and 
uses  of,  100 
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,.«  of  In  IBian  inlMtliiB,  687; 

Dt.  Frant'l  oUaiSsBtlaD  of,  BM ;  iffnt  of, 
«D  till  tcmptrmtan  of  tlia  body,  f»,  TtS  ; 
effoclf  of  too  mooh  or  too  little,  blV; 
qunti^  aiB«— ly  te  hoalth,  CIS ;  Tolk, 


Pare*d  •xpintioD,  TM 

Foreee,  of  tha  C&pi11u7  eiroalition,  AM ;  ol 

tbe  oirealatioD,  «T8 
Fanl70«,   ou   froqaeue;  ot  hnft'a  aotion, 

tli 
Fornix,  258 ;  fanction  of,  3S« 
Fussa,  Ukriaalirli.  831;  oiklia,  BflS 
Fourth  DffTTC,  origin,  470 
Foraa  hemiiipherioa,  aeml-clliptiM.  450 

*  "iB  eorpore  rtri- 


.  311 


Proqnenoj  of  hB»rt'«  wtion,  ST5 

Frariohi,  Dr.,  oa  earbonata  of  ammoDla  In 

tha  blood  ia  rsnftl  diieue.  800 ;  on  oou- 

atitaaDCB  of  lemcn,  838 
FrBna  of  Bao-encftl  TatTc,  5T6 
Frog,  gdmnoHopfc,  331;  kidnay  of,   TSS; 

propar  onrrent  of,  334 
Fttk,  Prof,  on  tempantnn  of  intornal  nrta 

of  tha  bodr.  735 


PonnUiat,  ngtala  vA  mtmA.  Oi  rfnH 

Sia :  cif  the  liyer.  B0&  -  of  lb*  Ulaar.H 
ofpUntf  ■n'l  Knimsli.  ^n(nl*ir>tfli£ 
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Fandot  of  ntprtis.  flit  ' 

FaD^iform  papilla-.  3S2 

FddIib.  on  cr7«t^li>Blion  ot  Mwd.  m  ■ 
DT^tMU  in  spl«niB  blood.  bM 


FuiTDVi  of  skin,  SU 
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Outanpod*, h««rt  oil  MB:  on*  tt^m- 
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Oil  i  froB  ontli,  aw 
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891 
GaaanUn  ngku  ;  doralapMaat^NT;  rf 

Mia*.  8tT ;  of  Twrtabnk,  MT 
Qoslmilmla  badln,  emsMtlM  af  oiliB  taafe 


Qcrbar,  on  tha  larmlnatioa  of  nomi  ia  ikia, 
3«0 

Osrlach,  on  blood  porpafolo-botdlaf:  r*Dr, 
809  ;  on  ciliatod  sptbaljina  af  tha  kilari 
of  tha  fowl,  T»l ;  on  Um  Hnlpghiu  taft^ 

Oerm,  cell,  831 1  yolk,  8H 

aanninal,  centrea  of  gland*,  TU:  apot,  MI; 
reaicla.  841 ;  fbrmallon  of,  8(T ;  din|f«r- 
ancB  of  aner  imprognntlon,  %ti:  of  EaU- 
chuDcba,  paratrtanee  of,  SU;  no^  oraa- 
tritira  e^Qlra,  88S 

Olddiaeu,  SM 

Qiuard  in  biida,  ESS 


Qlan 


I,  T«4 


,   583; 


■.  ST»; 


1d1«    Nnbothl,    SU;     odotibne,  I 
,  wniane,  834 
aUndolar  apitballnm,  SU 
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Glans  penis,  832 

GlMserUn  fiasnre,  447 

Globe  of  the  eje,  402 

Globnline,  59 

Globus  hTsiericiu,  307 

Glottis,  alteration  of  aperture  of^  750 ;  olosiire 
of,  494 ;  its  condition  in  Tomiting,  664 

Glycerine,  91 

Gmelin  and  Benelins,  on  the  oharaoter  of 
choroidal  pigment,  409 

Goat's  mUk,  902 

Goodsir,  on  the  oarities  of  resenre,  536 ;  on 
centres  of  nutrition,  523 ;  on  oirrhopoda, 
826 ;  on  the  derelopment  of  teeth,  532 ; 
on  lymphatic  glands,  615;  on  matrix  of 
kidney,  788 ;  on  membrana  decidna,  861 ; 
on  the  development  of  the  thymus,  thyroid, 
and  snpra-renal  oapsoles,  883 

Gomp-BManei,  on  the  reaction  of  the  bile, 
598 

Gosse,  on  the  rate  of  stomach  digestion,  562 

Gottsche,  on  the  optio  lobes  of  ^eoronectai 
312 

Goat,  699 

Graafian  Tesides,  839 

Graham,  Prof.,  on  analysis  of  blood-eorpas- 
oles  of  inrertebrata,  640 ;  his  law  of  diffa* 
sion  of  gases,  727 

Grainger,  Mr.,  on  effects  of  the  removal  of 
cerebral  hemispheres,  306;  on  medulla 
oblongata,  306  ;  on  roots  of  nerves,  271 ; 
on  the  spinal  cord,  287 ;  on  the  umbilical 
vesicle,  893 

Grandchamps,  on  the  functions  of  Ihe  cor- 
pora striata  and  optic  thalami,  311 

Granular,  lids,  426 ;  layer  of  dentine,  414 ; 
cells,  638  i  corpuscles  in  menstrual  fluid, 
848 

Gravity,  influence  of  upon  venous  circula- 
tion, 703 

Gray,  Mr.  H.,  on  Malpighian  corpuscles  of 
the  spleen,  812 ;  on  the  use  of  the  spleen, 
813 ;  on  the  development  of  the  liver  and 
spleen,  885 ;  of  the  supra-renal  capsules, 
887 ;  thyroid,  883 ;  organs  of  vision  and 
hearing,  879 

Gray  matter  of  convolutions,  256 ;  of  cord, 
predominance  of,  in  lumbar  region,  286 

Grew's  glands,  or  Peyer's  glands,  581 

Grinding  teeth,  526 

Groove  on  the  heart,  664 

Gnanin  in  the  reniJ  organs  of  araohnida, 
786 

Gulliver,  Mr.,  on  molecular  base,  587;  of 
chyle,  619 

Gums,  532 

Guy,  Dr.,  on  the  pulse,  675 ;  on  the  frequency 
<Sr  the  respiration,  722 

Guyat,  on  taste,  386 

Habit,  influence  of,  in  the  economy,  37 
llsemadromometer,  690 
Hamadynamometer,  686 
Hsemal  arch  of  vertebrsD,  865 
Uasmatine,  59,  644 ;  a  secretion  of  the  blood 

corpuscles,  641 
Hemorrhage  from  the  uterine  vessels,  891 
Hair,  follicle,  364 ;  colour  of,  367 ;  growing 

white,  366;   method  of  making  sections 

of,  365 
Hall,  Dr.  Marshall,  on  the  nervous  system, 

280,  288,  290 ;  on  muscular  oontracUlity, 


177,  303 ;  on  ezcito-motory  actions,  280 ; 
on  the  vagus,  494 

Haller,  on  the  great  cardiac  plexus,  505 ;  on 
the  formation  of  corpora  lutea,  850 ;  on  the 
musular  fibres  of  the  meatus,  445 ;  on  the 
quantity  of  bile,  597 ;  on  the  quantity  of 
blood,  630 ;  on  the  folds  of  the  umbilical 
vesicle,  893 

Hales,  on  capillariet,  662 ;  on  the  camllary 
circulation,  680 ;  on  the  force  of  the  heart, 
678  ;  on  the  pressure  of  the  blood  in  arte- 
ries, 684 ;  on  the  velocity  of  the  blood  in 
arteries,  684 ;  and  Poiseuille,  on  the  foroa 
of  the  current  in  the  veins,  701 

Hamberger,  on  the  movements  of  intercostal 
muscles,  719 

Hamulus,  452 

Hancock,  on  muscular  fibres,  of  prostate, 
831 ;  of  urethra,  833 

Hand,  145 

Hare-lip,  877 

Harless,  on  the  presence  of  uric  acid  in  the 
renal  organs  of  the  cephalopoda,  786  ;  on 
the  diameter  of  the  blood-corpuscles  in 
arterial  and  venous  blood,  729 

Harvey,  on  the  discovery  of  the  circulation, 
649 ;  on  the  quantity  of  blood,  630 

Hassenfrata,  on  carbonio  acid  in  the  blood, 
730 

Hastings,  Sir  Charles,  on  the  irritability  of 
arteries,  682 

Havers,  glands  of,  762 

Haversian  canals  of  bone,  110 

Headache,  325 

Hearing,  difference  of  in  different  persons, 
472 ;  organ  of,  general  description,  442 ; 
development  of,  in  animal  series,  442 ; 
phenomena  of,  463 ;  development  of  organs 
of,  880 

Heart,  662 ;  arrangement  of  fibres  in,  158 ; 
contractions  of,  182 ;  of  cmstaoea,  663  ; 
development  of,  870,  880 ;  of  birds,  663 ;  of 
fishes,  663  ;  force  of,  684 ;  of  moUusca,  663 ; 
muscular  tissue  of,  669;  nerves  of,  671; 
nutrition  of^  671 ;  of  reptiles,  663 ;  influ- 
enced by  spjjial  cord,  302 ;  sounds  of,  673 

Heart's  action,  672 ;  frequency  of,  675 ;  in- 
fluence of  the  period  of  the  day,  posture  of 
the  body,  etc.,  upon,  675. 

Heat,  amount  of,  developed,  in  organism^ 
734 ;  animal,  influenced  by  exercise,  735  ; 
development  of,  in  animals,  734 ;  in  (dants, 
733;  developed  when  carbon  combines 
with  oxygen,  733 ;  loss  of,  by  evaporation,.. 
737 ;  period  of,  in  animals,  849 ;  and  odd,, 
sensations  of,  876 

Heberden,  on  frequency  of  the  heart's  action, . 
675 

Hectocotylus,  826 

Heintx,  on  urate  of  soda  in  urine,  869 

Heliootrema,  452 

Helix,  444 ;  groove,  445 

Hemiplegia,  paralysis  of  tongae  in»  480 ;  ac- 
companying lesion  of  corpora  striata,  309 

Hemispheres,  cerebral,  253 

Henle,  on  epithelium  of  arteries,  653;  on 
change  of  form  in  the  red  blood  cerpusdes,. 
729 ;  on  lacteal  ducts,  900 ;  on  movements 
of  spermatosoa,  837 ;  and  KoUiker  on  I^i-' 
nian  corpuscles,  349 

Hepatic  duct,  596 ;  vein,  777 

Herbirora,  Bnumer's  glands  in,  579 ;  P^yw '• 
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Jejanam,  568 ;  mnooas  membrane  of,  582 ; 
valvulflB  connirentes,  574 

Johnson,  Dr.  G.,  on  matrix  of  kidney,  788 ;  on 
vessels  of  kidney  in  ohronio  nephritis,  699 

Joints,  126,  130 ;  inflaence  of  atmospheric 
pressure  upon,  131;  forms  and  classifica- 
tion of,  131 

Jones,  Dr.  Bence,  on  the  increase  of  alkaline 
nhosphates  in  the  nrine,  in  cases  of  inflam- 
mation of  the  brain,  803  ;  on  the  reaction 
of  urine,  798 ;  on  the  increase  of  the  sul- 
phates in  the  urine  in  chorea,  802 

Jones,  Dr.  Handfield,  on  the  arrangement  of 
the  liver-cells,  780  ;  on  the  development  of 
the  liver,  885 ;  on  the  relation  of  the  liver- 
cells  to  the  ducts,  782;  on  the  intestinal 
mucous  membrane,  582 ;  on  prostatic  con- 
cretions, 832 ;  on  the  thymus,  818 

Jones,  Mr.  Wharton,  on  the  development  of 
the  human  ovum,  871 ;  on  the  lymph  corpus- 
cle, 620 ;  on  the  membrane  of  the  black  pig- 
ment, 409  ;  on  the  rhythmical  contractions 
in  the  veins  of  the  bat's  wing,  703 ;  on  the 
red  blood-corpuscles,  637 ;  on  buffing  and 
cupping,  632 ;  on  the  white  blood-corpus- 
cle, 637 

Jugular  vein,  881 

Jurin.  Bamsden,  and  Home,  on  the  change 
of  the  cornea  in  vision,  429 

KsMPBLiir,  Dr.,  on  the  action  of  the  glottis, 
761 

Kemer,  on  the  effects  of  the  loss  of  the  au- 
ricle, 465 ;  on  the  use  of  the  semicircular 
canals,  472 

Kidneys,  785 ;  analysis  of,  786 ;  general 
remarks  on  the  function  of,  803 ;  vessels 
of,  793 ;  development  of,  886 

Kieman,  Mr.,  on  the  hepatic  vein,  778;  on 
portal  canals,  769 

King's  College  Hospital,  quantity  of  air 
allowed  to  each  patient,  728 

Knox,  Dr.,  on  the  alteration  of  the  curvature 
of  the  lens,  429 ;  on  the  frequency  of  the 
heart's  action,  675 ;  on  the  yellow  spot  on 
the  retina,  415 

KcHIiker,  on  the  anastomosis  and  branching 
of  the  fibres  of  the  heart,  670;  on  the 
blood -corpuscles  of  the  spleen,  808 ;  on  the 
cells  of  the  liver,  779 ;  on  the  cleavage  of 
the  yolk  in  the  ova  of  the  intestinal  worms, 
856  ;  on  the  colouring  matter  of  the  bile, 
607 ;  on  the  epithelium  of  the  bladder, 
805 ;  on  the  helicine  arteries  of  the  penis, 
833 ;  on  the  Blalpighian  corpuscles  of  the 
spleen,  812  ;  on  the  origin  of  lymphatics, 
617 ;  on  lacteal  ducts,  900 ;  on  the  prostate 
gland,  831 ;  on  the  relation  of  the  hepatic 
ducts  to  the  liver  cells,  782;  on  the  red 
blood-corpuscles,  637 ;  on  the  spermato- 
soon,  836 ;  and  Bagge,  on  the  development 
of  intestinal  worms,  841 

Krause,  on  the  bulk  of  the  liver,  767 ;  on 
the  weight  of  the  lungs,  707 

Krieger  on  otoliths,  459 

Kronenberg,  on  sensitive  filaments  in  the 
anterior  roots  of  the  nerves,  275 

Kuchenmeister,  and  Van  Beneden,  on  the 
development  of  the  cystic  entotoa,  828 

Labtbivth,  449 ;  experiments  to  show  the 
use  of,  470 ;  of  birds,  444 


Lachrymal  sac,  426  ;  gland,  426 

LacUtion,  898 

Lacteal,  glands,  898;  of  male,  900;  tubes, 
899 

Laeteals,  distribution  of,  in  intestine,  612 ; 
filled  with  chyle,  586 ;  of  vUli,  577 ;  do 
they  absorb  fat  only  ?  591 ;  and  lymphatics, 
612 

Lactic  acid  in  csBCum,  608 ;  in  gastric  juice, 
558  ;  formed  from  digestion  of  starch,  560 ; 
in  urine,  799 

Lacuna  magna,  834 

Lafargue,  on  the  effects  of  removing  the  cor- 
pora striata,  309 

Lagrange  and  Hassenfrats,  on  carbonic  acid 
in  the  blood,  730 

Lamina  spiralis,  452 

LaminsB  dorsales,  867 

Lamprey,  mouth  of,  524 ;  organ  of  hearing 
of,  443 ;  and  myxine,  blood-corpuscles  of, 
636 

Lane,  Mr.,  on  valves  of  absorbents,  614 

Langenbeck,  on  the  development  of  the  uri- 
nary bladder,  896 

Langer  and  Kolliker,  on  the  development  of 
the  lacteal  glands,  901 

Lanugo,  874 

Large  intestine,  567 

Laryngismus  stridulus,  how  produced,  493 

Larynx,  the  organ  of  voice,  744 ;  action  of, 
750 

Lassaigne,  on  the  gastric  juice,  559 

Lateral  pressure  in  arteries,  684 

Lauth,  on  Ijrmphatic  glands,  616  ;  and  MUIler, 
on  the  ligaments  of  the  larynx,  748 

Lee,  Dr.  R.,  on  the  nerves  of  the  heart,  672  ; 
on  the  nerves  of  the  uterus,  844  ;  on  the 
rupture  of  the  Graafian  follicle,  848;  on 
yellow  matter  of  corpus  luteum,  850 

Le  Gallois,  experiments  on  the  medulla  ob- 
longata, 306 

Lehmann,  on  the  acid  of  the  gastric  juice, 
558 ;  on  crystallisation  of  blood,  729  ;  on 
increase  of  urea  in  urine  from  a  nitrogen- 
ised  diet,  800 ;  on  hippurie  acid  in  the 
urine  of  diabetes,  801 

Leidy,  on  the  arrangement  of  the  liver-cells, 
780 

Letheby,  Dr.,  his  case  of  ovum,  detected  in 
the  Fallopian  tube,  848 ;  on  the  composi- 
tion of  the  menstrual  fluid,  848 

Lens,  418 ;  analysis  of,  420 

Lenticular,  process  of  incus,  448 ;  ganglion, 
423,  500 

Leuchs,  his  experiments  on  saliva,  541 

Leucocythemia,  648 

licuret  on  the  weight  of  the  cerebellum,  820  ; 
on  the  cerebral  convolutions,  254 

Lassaigne  on  the  gastric  juice,  559 

Leeuwenhoek,  on  capilUury  vessels,  662 ;  on 
the  flbres  of  the  crystalline  lens,  419  ;  on 
teeth,  527 

Ley,  Dr.,  on  laryngismus  stridulus,  493 

Leydig,  on  ciliary  motion  in  the  uterine 
glands  of  the  sow,  861 

L'Heritier,  on  the  effect  of  temperament  upon 
the  character  of  the  milk,  902 

LieberkUhn,  follicles  or  glands  ot,  573,  765 

Liebig,  Professor,  on  abisorption  by  animal 
membrane,  623 ;  on  the  acid  of  the  gastric 
juice,  559  ;  on  elements  of  nutrition,  516 ; 
on  the  uses  of  the  bile,  602 ;  on  the  qiuut- 
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Melsens  and  Bamafl,  on  the  acidity  of  gastric 
jnioe,  557 

Hembrana  decidna,  800 ;  granulosa,  840 ; 
intermedia  of  Reichert,  804,  807 ;  papil- 
laris and  capsalo-papillaris,  879 ;  trmpani, 
440  ;  action  of,  404;  secundaria,  451 

Membrane,  simple  and  compoand,  01 ;  of 
the  aqueous  humour,  420 

Membranous,  labyrinth,  449,  458 ;  portion 
of  urethra,  834 ;  sone  of  cochlea,  454 

Memory,  325 

Men,  analysis  of  the  blood  of,  044 

Menstrual  fluid,  847 

Mercury,  bichloride,  its  action  on  albumen, 
53 ;  on  gastric  juice,  557 

Mesencephalic  vertebne,  870 

Mesentenr,  508 

Mesenteric  glands,  012 

Mesmerism,  328 

Mesocephale,  descriptire  anatomy  of,  248; 
fancti(nis  of,  303  ;  centre  of  emotion,  307 

Mesocsecum,  508 

Mesocolon,  508 

Metamorphosis,  821 

Metagenesis,  822  ;  in  insects,  823 

Meyer  on  the  contraction  of  the  gall-bladder, 
706 

Micropyle,  853 

Microscope,  as  an  aid  to  research  in  anatomy, 
50 

Middle  coat  of  arteries,  050 

Milk,  901 ;  cow's,  902 ;  goat's,  902 ;  acted 
on  by  eastric  juice,  500  ;  alimentary  ma- 
terials in,  515 

Milk  teeth,  537 

Miller,  Dr.,  his  analysis  of  urine,  799 

Mind,  45,  238 ;  its  influence  on  the  organic 
processes,  317 ;  associated  with  the  cerebral 
convolutions,  322  ;  its  influence  in  sensa- 
tion, 351 

Mitral  orifice  and  ralre,  004 

Mitscherlich,  on  the  quantity  of  saliva,  540 

Model  prison,  quantity  of  air  passing  through 
each  cell  of,  728 

Modiolus,  or  columella,  451 

Molar  teeth,  527 

Molecular,  base  in  chyle,  587,  019 ;  motion, 
organic,  71 

Molesohott,  on  exhalation  of  aqueous  vapour, 
724 

Mollusca,  circulating  organs  of,  707 ;  diges- 
tive organs  of,  514 ;  heart  of,  003 ;  liver 
of,  770 ;  organ  of  hearing,  442 ;  repi^Mluc- 
tion  of.  825 

Monotremata,  828 ;  intestinal  canal  of,  570 ; 
nutrition  of  embryo  in,  888 

Montgomery,  Dr.,  on  corpus  luteum,  850 

Morganti  and  Bernard,  on  the  spinal  acces- 
sory, 400 

Mother  cell,  containing  spermatoioa,  830 

Motion,  centres  of,  308 

visual  perception  of,  422 

Motores  oculi,  473 

Movements,  association  of,  182 ;  symmetrical 
and  harmonious  movements,  183 ;  co-ordi- 
nate movements,  183,  319;  mode  of  excita- 
tion, as  by  volition  and  emotion,  185,  293, 
307 ;  by  reflected  stimulus,  180,  307  ;  in- 
stinctive movements,  180 ;  mechanical  or 
habitual  movements,  180 ;  in  the  interior 
of  the  body,  70 ;   of  the  intestine,  583 ; 
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of  respiration,  710  ;  quantity  of  carbonic 
acid  exhaled  in,  720  ;  of  stomach,  550 

Mucous  membrane,  descriptive  anatomy  of, 
522  ;  of  bladder,  805  :  of  ciecum,  583  ;  of 
duodenum,  582 ;  of  large  intestine,  583 ; 
of  intestinal  canal,  573  ;  of  nasal  cavity, 
392 ;  of  stomach,  551  ;  changes  in,  540 ; 
changes  in  during  intestinal  digestion,  585 ; 
of  urethra,  834 ;  of  uterus,  844 ;  at  men- 
strual periods,  847 

Mucous  or  vegetative  layer  of  germinal  mem- 
brane, 859 

Mucus,  of  bile,  599 ;  of  stomach,  551,  559  ; 
of  stomach  cells,  547 

Mulberry  mass,  857 

Mulder,  his  analysis  of  haomatine,  045 ;  on 
the  red  blood-corpuscles,  035 

Miiller,  on  the  actions  of  the  oesophagus,  545  ; 
on  the  arteries  of  the  penu,  833 ;  on  hectoco- 
tylus,  820 ;  on  the  impregnation  of  the  ovum, 
854  ;  on  the  development  of  the  liver,  885  ; 
on  the  oflSce  of  the  labyrinth,  470 ;  on  the 
Malpighian  corpuscles  of  the  spleen,  811 ; 
on  the  roots  of  the  nerves,  274;  on  the 
oscillations  of  the  rocmbrana  tympani,  408 ; 
on  vocal  sounds,  751 ;  on  the  suction  power 
of  the  auricle,  702;  on  Wolflkn  bodies, 
880 ;  and  Dickhofi*  on  section  of  the  vagi, 
493;  Gurlt  and  Komfeld,  on  section  of 
the  lingual  nerve,  387 ;  and  Lehfeldt  on 
falsetto  notes,  754;  and  Dr.  J.  Reid  on 
functions  of  the  spinal  accessory,  490  ;  and 
Volkmann  on  correct  vision  with  an  in- 
verted image,  438 

Multiplication,  819 

Muscles,  how  formed,  157;  shapes  and  ar- 
rangement of  fibres,  157-8  ;  origin  and  in- 
sertion, 158 ;  bloodvessels  of,  159  ;  nerves 
of,  100 ;  antagonist  muscles,  102 ;  ar- 
rangement of  muscles  on  the  skeleton,  102 ; 
arytenoid,  750;  buccinator  supplied  by 
fifth  nerve,  479 ;  cervicalis  ascendens,  423 ; 
ciliary,  412 ;  cochlearis,  455 ;  compressor 
naris,  392 ;  compressor  urethras,  834 ;  cor- 
rugator  supercilii,  nerve  to,  478;  crico- 
arytenoidei  postici  and  laterales,  and 
crico-thyroidei,  749;  depressor  alas  nasi, 
392 ;  detrusor  urinse,  805,  834  ;  digastric, 
539;  external  pterygoid,  539;  internal  of 
malleus,  449 ;  internal  pterygoid,  539 ; 
of  internal  ear,  408  ;  intrinsic  and  extrin- 
sic of  larynx,  749  ;  laxator  tympani,  449  ; 
laryngeal,  action  of,  749 ;  levator  ani| 
levatores  costarum,  720 ;  levator  palpebrsp, 
obliqui  and  recti  oculi,  424 ;  omo-byoid, 
stemo-hyoid,  stylo-hyoid,  and  stylo- 
pharyngeal, 749;  orbicularis  palpebra> 
rum,  425  ;  pectoral,  720 ;  serratus  magnus, 
serrati  postici,  stemo-mastoidei,  and  tra- 
pesii,  720 ;  nerves  of,  495 ;  sphincter 
vesicsB,  805 ;  superior,  anterior,  and  pos- 
terior auris,  445 ;  respiratory,  730 ;  power 
of,  720 ;  action  of,  718 ;  stapedius,  447, 
449  ;  thyro-arytenoidei,  437  :  temporal, 
masseteric,  539 ;  trachealis,  708,  721 ;  un- 
striped  of  absorbents,  014 

Muscular  coat  of  arteries,  052  ;  of  small  in- 
testine, 572;  of  colon,  572 

Mnsonlar  fktigue,  104 

Muscular,  movement,  varieties  of,  179 ;  ao- 
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Nipple,  899 ;  erection  of,  356,  000 
Nitrogen,  exhalation  of,  728;  importance  of, 

in  food,  518 
Nobili,  on  animal  electricitj,  334 
Nodal  lines,  464 
Noise,  definition  of,  462 
Nose,  391 
Noetrilff,  392 
Nucleated  nerve  filaments  of  olfactory  region, 

397 
Nuclei  of  capillary  ressels,  661 
Nnrse  in  metagenesis,  824 
Nutrition  of  heart,  671 
Nntritire  food,  516 
Nutritive  centre,  889 

Obstructioit,  effect  of,  upon  the  action  of 
the  intestines,  584 

Ocelli,  402 

Ocular  spectra,  434 

Odours,  appreciation  of,  400;  offieces,  cause 
of,  610;  occasioning  syncope,  342 

(Esophagus,  544 ;  motions  of,  dependent  on 
laryngeal  nerves,  491 

O'Ferrall  on  the  tunica  vaginalis  oculi,  424 

Oil,  its  absorption,  625 ;  globules  of  milk, 
901 

Oily  alimentary  materials,  515 

Oily  matter,  digestion  of,  561 

Olfactory,  nerves,  396  ;  processes,  or  lobe, 
397;  filaments,  397  ;  region,  394 

Olivary  columns,  connection  with  portio  dura, 
477 

Omentum,  gastro-hepatic,  546 

Omphalo  mesenteric  duct,  870,  894 

Ophidia,  intestinal  canal  in,  569 

Opium  producing  a  polar  state  of  the  cord  in 
cold-blooded  animals,  281 

Oi^thalmic  ganglion,  423 

Optic  nerve,  effects  of  irritation  of,  upon  the 
pupil,  475 ;  incapacity  of  vision  at  its  en- 
trance, 435 

Optic  thalami,  250;  functions  of,  310;  at 
centres  of  sensation,  310  ;  relation  to  cor- 
pora striata,  311 

Optic  tracts,  260,  421 ;  connections  of,  313 

Optic  vesicle,  879 

Ora  serrata,  409 

Orbit,  402 

Organic  compounds,  29 

chemistry,  its  importance  to  physi- 
ology, 51 
matter,  its  chemical  constituents,  30 

Organised,  bodies,  distinctive  characters  of, 
32 ;  origin  of,  32;  and  unorganized  bodies, 
27 

Omithorynohns,  828 

Os  internum,  of  uterus,  842 

Osseous  cone,  452 :  Ikbyrinth,  449 

Ossicles,  of  ear,  448 ;  action  of,  in  propaga- 
ting sound,  465  ;  development  of,  880 

Ossification  of  permanent  teeth,  537 

Ostrich,  generative  organs  of,  828 

Otic  ganglion,  branches  of,  to  ear,  462 

Otokonia,  443,  459 

Otolitheii,  443,  459 ;  action  of,  471 

Ova,  maturation  of,  848 

Ovary,  839  ;  of  birds,  828  ;  of  insects,  826  ; 
state  of  during  the  period  of  heat  or  rut, 
849  * 

Ovisaef,  number  of  in  ovary,  848 


Ovula  Nabothi,  844 

Ovum,  841  ;  changes  in,  succeeding  impreg- 
nation, 854 ;  mammalian,  yolk-sac  of,  894  ; 
human,  development  of,  871 ;  passage  of, 
down  Fallopian  tube,  850 

Owen,  Professor,  on  the  cerebral  convolutions, 
254;  on  dentine,  527 ;  on  parthenogenesis, 
822 ;  on  the  vertebrate  theory,  877 

Oxalate  of  lime,  in  urine,  799 

Oxidation,  nature  of  process  in  body,  741 

Oxygen  inhaled,  amount  of,  727 

Pacchionian  bodies,  233 

Pachydermata,  intestinal  canal  of,  570 ; 
chorion  in,  888 

Pacinian  corpuscles,  345  ;  nerves  of,  349 

Paget,  Professor,  on  the  areas  of  arteries, 
692  ;  on  the  arteries  and  veins  of  the  bat's 
wing,  662  ;  on  the  multiplication  of  blood- 
corpuscles,  642 ;  on  the  thymus,  818 

Pain,  340 

Pancreas,  766  ;  in  fishes,  569  ;  effects  of  dis- 
ease of,  595  ;  its  office  in  digestion,  592 ; 
development  of,  885 

Pancreatic  duct,  point  at  which  it  opens,  592 

Pancreatic  fluid,  its  action  on  starch,  588 ;  ita 
action  on  fat,  594 ;  abnormal,  594 ;  method 
of  obtaining  it  in  quantity,  592 ;  its  cha- 
racters, 593,  594  ;  in  birds,  dogs,  horses  and 
rabbits,  589,  594 

Pancreatine,  593 

Panizxa,  on  absorption  by  veins,  619 ;  on  the 
glosso-pharyngeal,  487 ;  section  of,  387 ; 
on  lymphatic  glands,  616 

Papillae,  circumvallatas,  381 ;  compound  con- 
ical, 382 ;  epithelium  of,  380 ;  fungiform, 
380 ;  capillary  vessels  of,  359  ;  essential 
tissue  of,  360  ;  of  fore  foot  of  male  frog, 
282  ;  effects  of  shaving  off,  298  ;  of  skin, 
358  ;  nerves  of,  359 ;  of  taste  compared 
with  villi,  385  ;  of  teeth,  533  ;  of  tongue, 
hairlike,  383 ;  their  influence  in  taate,  389  ; 
function  of,  389 

Papillary  structure  of  tongue,  378 

Paralysis,  of  portio  dura,  478 ;  of  oesophagua 
after  section  of  vagus,  491 ;  of  fifth  nerve, 
483  ;  sensation  in,  377 ;  of  sphincter  ani, 
299 ;  third  nerve,  effects  of,  475 

Paraplegia,  280,  302 

Parenchyma  of  kidney,  788 

Parietal  saoculi,  775 

Parotid  glands,  539 

Parovarium,  842,  886 

Parrot,  no  lingual  branch  of  fifth  nerve  in, 
386 

Parthenogenens,  822 

Par  vagum,  488 

Pauae  in  heart's  action,  674 

Peeten,  409 

Peduncle  of  pineal  body,  252 

Pelvis,  142 ;  of  kidney,  803 

Penis,  832  ;  arteries  of,  833  ;  erection  of,  de- 
pendent upon  cord,  302 

Penniform  fibres  of  circular  coat  of  arteries, 
651 

Pepsine,  556 

Pereira,  Dr.,  on  contractility  of  paralyied 
limbs,  303 

Perfect  vision,  only  in  or  near  the  axis  of 
vision,  436 

Pericardium,  666 
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Qtenis,  845  ;  on  the  pnlmonary  oapilUuries, 
7U 

R&nsom,  Dr.,  on  the  micropylo,  864 

Rapp  on  the  nerves  of  taste,  380 

Rat,  flperm&tosoa  of,  836 

Rate  of  the  circulation,  704 

Reaction  of  healthy  urine,  708 

Reaumur  on  eastrio  juice,  552 ;  and  Spal- 
lanzani  on  the  movements  of  the  stomach, 
551 

Receptaculum,  chyli,  612 ;  seminis,  827 

Reorementitious  substances,  750 

Rectum,  568,  608  ;  folds  of,  575 

Red  blood-corpuscles,  634 ;  chemical  compo  • 
sition  of,  644 

Rees,  Br.  G.  0.,  analysis  of  bone,  104 ;  analy- 
sis of  lymph  and  chyle,  622 ;  on  extractive 
matters  in  the  urine,  802 ;  on  urea  in  milk, 
800 

Reflex  actions,  imperfectly  controlled  by  the 
will,  296  ;  in  vomiting,  566 

Reflection,  laws  of,  427;  from  r«tina,  432 

Refracting  media  of  eye,  402  ;  power  of  vit- 
reous body,  417 ;  of  lens,  420 

Regnault  and  Reiset  on  the  relation  of 
oxygen  and  carbonic  acid  in  respired  air, 
727 

Regurgitant  venous  pulse,  700 

Regurgitation  through  valves  of  heart  pre- 
vented, 669 

Reichort,  on  the  development  of  the  allan- 
tois,  895 ;  of  the  liver,  885 ;  of  the  lungs, 
883 ;  nervous  system,  878 ;  on  the  in- 
vesting membrane  and  membrana  inter- 
media, 864 

Reid,  Dr.  John,  on  asphyxia,  690;  on  the 
arrangement  of  the  fibres  of  the  heart, 
670 ;  on  the  glosso-pharyngeal,  486 ;  on 
contractility,  303 ;  experiments  on  laryn- 
geal nerves,  491 ;  on  the  influence  of  the 
nerves  in  hunger,  521 ;  on  loss  of  nutrition 
in  paralysed  muscles,  303 ;  on  the  sympa- 
thetic, 510 

Remak  on  the  ganglia  and  nerves  of  the 
heart,  505, 672 ;  on  the  development  of  the 
liver,  885 

Rennet,  556 

Reproduction,  33,  819 

Reptiles,  air-cells  of,  716;  blood  oorpoaoles 
of.  635 ;  circulation  in,  707 ;  digestive 
organs  of,  513  ;  heart  of,  663  ;  intestinal 
canal  in,  569;  generative  organs  of,  828; 
organ  of  hearing,  444;  spermatosoa  of, 
836 

Resilience  of  lungs,  720 

Respiration,  conditions    of,  707;    partly  a 

?hy8ical  and  partly  a  chemical  process, 
32;  influence  of,  upon  the  circulation, 
680  ;  movements  of,  716  ;  objects  of,  732  ; 
theory  of,  731 ;  connection  of  function  of 
liver  with,  602;  efiects  of  temperature 
upon,  725 ;  efiects  of  posture  upon,  722  ; 
influence  of  vagus  in,  492 

Re<>pirations,  frequency,  and  ratio  to  pulse, 
722 

Respiratory,  compartment  of  the  pharynx, 
542 ;  movements,  excitation  of,  721 ;  by  the 
application  of  cold  to  the  surface,  726;  mu- 
cous membrane,  523 

Restiform  bodies,  functions  of,  306 

Rete  Malpighi  or  muoosum,  362 

59* 


Rete  mirabile,  658 

Retina,  413  ;  capillaries  of|  660 ;  connection 

with  sensorium,  436 
Retinae,  corresponding  points  in  each,  441 
Retinacula,  840 
Retzius   on   the    arrangement  of  the  liver 

cells,  780 ;  on  the  hemispheres  of  the  brain, 

878 ;  his  preparations  of  the  lung  of  the 

calf,  712 
Rheumatism,  diet  in,  620 
Rhinencephalic  vertebra,  877 
Ribes,  ganglion  of,  498 
Ridges  of  cuticle,  367 

Rigor  mortis,  178 ;  in  arteries,  684 ;  in  mus- 
cles, 179 
Ritchie,  Dr.,  on  the  rupture  of   ovisacs  in 

children,  848 
Robinson,  Dr.,  on  absorption,  626 
Rodentia,  intestinal  canal  of,  570 ;  chorion 

of,  888 
Rodier,  his  analysis  of  the  blood,  644 
Rods  of  enamel,  530  ;  of  Jacob's  membrane, 

415 
Roe  of  fishes,  827 
Rolando,  his  experimenta  on  the  cerebellum, 

318 
Roote  of  the  fifth  nerve,  481 ;  of  the  spinal 

nerves,  270  ;  of  the  sympathetic,  499 
Roots  of  the  tooth,  526 
Rossignol  on  pulmonary  tissue,  712 
Rotation  of  the  yolk,  856 
RugSB  of  uterus,  844 
Rumbold  and   Fowler,  experiments  on  the 

third  nerve,  476 
Rumination,  564 
Ruminantia,  action  of  oesophagus  in,  546; 

digestive  organs  of,  513;  intestinal  canal 

of,  570  ;  chorion  of,  888 
Rumkorfi~s  galvanometer,  331 
Rut  in  animals,  849 
Rhythm  of  the  heart,  674 

Saccbarike  alimentary  materials,  615 
Sacculus,  443,  468 
Sacculated  bladder,  804 
Saline  constituents  of  bile,  600 
Saline  solutions,  action  of,  upon  the  move- 
ments of  the  spermatosoa,  837 
Saliva,  uses  of,  541 

Salter,  Dr.  Hyde,  on  the  pancreas,  785 
Salter,  Mr.  S.  J.  A.,  on  the  anatomy  of  veins, 

669 
Salts,  fixed,  in  urine,  802 
Sanders,  Dr.,  on  the  spleen,  812 
Sarcolemma  of  muscular  fibre,  160 
Sarcous  elements  of  muscular  tissue,  147, 

150 
Sancerotte  on  the  functions  of  the  opUo  tha- 

lami  and  corpora  striata,  311 
Sauria,  intestinal  canal  of,  660;  generative 

organs,  828 
Savart,  on  the  formation  of  the  voice,  751 ; 

on  hearing,  463,  468 ;  on  the  time  whioh 

sensations  of  sound  last,  473 
Savi,  on  electrical  organs,  350 
Scala,  tympani,  vestibuli,  462 
Scaly  epithelium,  523 
Scaphoid  fosM,  445 
Scarpa,  on  the  nerves  of  the  heart,  673 ;  on 

the  spinal  accessory  nerve,  406 
Scharling,  on  the  influence  of  digestion  upoA 
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tiong,  275,  282 :  its  share  in  mental  and 
physical  nervous  actions,  275,  301 ;  polar 
state  of,  281 ;  mechanism  of  its  actions, 
287 ;  effect  of  injury  below  the  phrenics, 
304 ;  lumbar  region  of,  286  ;  functions  of, 
in  yertebral  animals,  278;  hypothesis,  to 
explain  the  action  of,  287 ;  of  Br.  Marshall 
Hall,  Whytt,  Prochaska,  288:  effects  of 
mental  emotions  on  actions,  289 

Spinal  nerves,  their  double  roots,  270 ;  their 
functions,  274 

Spiral  duct  of  sweat-gland,  use  of,  370 

Spirometer,  723 

Spleen,  806,  885  ,*  the  seat  of  destruction  of 
blood -corpuscles,  643 ;  uses  of,  813 ;  pulp, 
80S 

Spongy  portion  of  urethra,  834 

Spore,  or  sporangium,  821 

Squalus  cornnbicus,  testicle  of,  763 

Squirrel,  spermatozoa  of,  836 

Stammering,  756 

Starch,  digestion  of,  560,  589 ;  its  oonrersion 
into  dextrine  by  pancreatic  fluid,  589; 
sugar,  cellulose,  etc.,  as  calorifacient  food, 
740 

Stannius,  on  pancreas  of  fishes,  592 

SUpes,  448 

Stark,  Dr.,  effects  of  a  diet  without  azotiied 
food,  518 

Stearine,  59,  90 

Steenstenp,  on  the  alternation  of  generations, 
822 

Stentor,  multiplication  of,  825 

Stereoscope.  441 

Stevens  on  digestion,  552 

Stilling,  on  the  fibres  of  the  optic  thalami, 
310 ;  and  Wallach,  on  the  roots  of  the 
nerves,  271 ;  on  the  spinal  cord,  236,  243 

Stimuli,  to  muscle,  165  ;  all  act  on  the  mus- 
cular tissue  itself,  166;  to  nerves,  165, 
215 ;  a  double  stimulus  necessary  to  many 
nervous  actions,  297 

Stomach,  545;  vermicular  contractions  of, 
caused  by  irritation  of  the  vagi,  492 ;  its 
part  in  vomiting,  565  ;  movements  of,  550 

Stone  in  the  bladder,  sympathetic  sensations 
produced  by,  340 

Straight  portion  of  uriniferous  tube,  792 

Strecker  on  the  composition  of  the  bile,  600 

Striped  muscular  fibre  of  the  heart,  669 

Strobila,  multiplication  of,  742 

Strychnine,  its  action  on  the  cord,  281 

Subjective  phenomena  of  hearing,  473;  of 
smell,  401 ;  of  taste,  390 

Submaxillary  glands,  539 

Submucous  tissue,  572 

Succus  gastricus,  554 

Suction -power  of  auricles,  702 

Sugar,  in  blood,  633 ;  formed  in  the  liver, 
005 ;  formed  from  starch,  589 ;  effects  of 
feeding  dogs  on,  518 

Sulphates  in  urine,  802 

Sulphoeyanides  in  saliva,  540 

Sulphuretted  hydrogen  in  intestines,  610 

Superior  cava,  665 

Superior  longitudinal  commissure,  258 

Supra-renal  capsules,  814 ;  development  of, 
887 

Supra-orbitar  convolution,  255 

Sweat-glands,  368 

Sylvius,  aqueduct  of,  261 


Sympathetic,  498  ;  cervical  ganglia  of,  502 ; 
lumbar  and  sacral  portions  of,  504  ;  cervi- 
cal portion  of,  501 ;  endowment  of  fibres 
of,  508 ;  effect  of  section  of,  on  animal 
heat,  743 ;  effects  of  division  of  trunk  of, 
510 ;  function  of,  506  ;  sensations.  340 

Sympathy,  sympathetic  sensations  and  mo- 
tions, 339;  between  digestive  and  res^n- 
ratory  organs,  493 ;  contiguous,  345 

Sympathies,  affecting  the  mind,  341 

Synarthrosis,  132 

Synovia,  128 

Synovial  sheath,  127,  129 

Syphilitic  poison,  its  absorption,  619 

Systole,  672 ;  and  diastole,  their  influence  on 
the  circulation,  689 

Tactile  papillsB,  356 

Tape-worm,  multiplication  of,  820 

Tapetum  lucidum,  409  ;  reflection  fVom,  433 

Tarsal  cartilage,  424 

Tartar  emetic,  566 

Taste,  conditions  of,  388;  heightened  by 
motion,  388;  influence  of  movements  of 
tongue  upon,  389  ;  nerves  of,  386 ;  precise 
seat  of,  385 ;  persistence  of  after  section  of 
glosso-pharyngeal,  387 ;  in  soft  palate,  386 ; 
influence  of  smell  upon,  388 ;  varieties  of, 
389 

Taste  and  touch,  do  they  coexist  in  any  of 
the  papillsB?  389 

Tastes,  bitter,  388 

Taurin,  598 

Tea,  effects  of,  upon  the  exhalation  of  car- 
bonic acid,  725 

Teeth,  525  ;  development  of,  532 ;  number  of, 
536 

Temperature,  of  blood,  629  ;  of  human  body, 
735  ;  its  effects  upon  respiration,  725 :  ele- 
vation of,  after  section  of  the  sirmpathetic, 
743 

Temporary  teeth,  536 

Tench,  striped  muscular  fibres  in  intestine 
of,  510 

Tendo  oculi,  424 

Tendons,  81 

Tenor  voice,  754 

Termination  of  nerves,  161,  204 

Testicles,  829  ;  of  insects,  827 

Tetanus,  280 

Thackrah,  his  experiments  on  the  coagulation 
of  the  blood,  631 

Theile,  on  vasa  aberrantia,  776 

Theory  and  hypothesis,  26 

Third  nerve,  function  of,  474 

Third  ventricle  of  brain,  252 

Thirst,  522 

Thom^n,  Dr.  R.  D.,  on  volume  of  carbonic 
acid  in  expired  air,  724 ;  on  the  acid  of  the 
gastric  juice,  558 ;  on  calorifacient  food, 
516  ;  on  milky  serum,  633 

Thomson,  Dr.  Allen,  on  the  development  of 
the  human  ovum,  871 

Thoracic  duct,  612;  contractility  of,  615 

Thorax,  140;  enlargement  of,  in  respiration, 
716 

Thymus,  816 

Thjrro-hyoid  ligaments,  748 

Thyroid,  815;  cartilage,  746;  development 
of,  883 

Tic  douloureux,  484 
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VenesecUoD,  influence  of,  upon  blood,  646  ; 
over  fibrine,  646 

Venous  blood,  629,  645 ;  absorption  bj,  562 

Venous  circulation,  favoured  by  muscular 
morementp,  702 ;  influence  of  respiratory 
movements,  701 ;  influence  of  gravity 
upon,  703 

Venous  pulse,  700 

Ventilation,  importance  of,  728 

Ventral  laminro,  867 

Ventricles  of  heart,  664;  force  of  left,  686 

Ventricle,  fifth,  260 

Ventricles  of  the  brain,  third,  lateral,  248, 
261 

Venus  chione,  heart  of,  663 

Vermicular  action  of  intestines,  583 

Vermiform  appendix,  571 

Vemix  caseosa,  875 

Verschuir  on  irritability  of  arteries,  682 

Vertebra,  typical,  876 

Vertebral,  arches,  876  ,*  arteries,  264,  656 ; 
plates,  865 

Vertebrata,  generation  in,  827;  pancreas  in, 
592 

Vertigo,  325 ;  from  lesion  of  corpora  quadri- 
gemina,  313 

Verumontannm,  834 

Vessels,  of  the  iris,  412  ;  of  the  kidney,  793; 
nose,  392 :  of  the  lungs,  712  ;  of  the  retina, 
414;  umbilical,  897 

VesicnlsB  seminales,  831 

Vesicular  gray  layer  of  retina,  414 

Vestibule,  449 ;  the  essential  part  of  the 
organ  of  hearing,  469 

Vicarious  secretion,  760 

Vierordt,  on  the  proportion  of  carbonic  acid 
in  expired  air,  724,  727 

Villi,  576;  capillaries,  lacteals,  and  nerves 
of,  577;  during  intestinal  digestion,  585; 
of  intestines  compared  to  papill®,  385 

Vinegar,  formation  of,  741 

Virchow,  on  the  spleen,  810 

Vis  nervosa,  217 

Vis,  a  f route,  696 ;  a  tergo,  678,  694 ;  in- 
fluence in  venous  circulation,  700 

Visceral  arches,  development  of,  877 

Vision,  development  of  organs  of,  879  ;  cor- 
pora quadrigemina,  the  special  ganglia  of, 
313;  distinct,  428;  organ  of,  401;  phe- 
nomena of,  427 

Visual,  angle,  428 

Vital  capacity,  723;  properties,  36,  68;  of 
tissues,  68 ;  stimuli,  36 

Vitelline,  membrane,  841 ;  duct,  894 

Vitreous  body,  416 

Vocal  cords,  747 

Vogt,  on  the  origination  of  blood  corpuscles, 
639  ;  on  the  liquor  amnii,  892 

Voice,  744 

Volition,  45 

Volkmann,  on  the  circulation  in  the  capil- 
laries, 694 ;  on  contraction  of  lymphatic 
hearts,  618 ;  on  the  force  of  the  heart,  687 ; 
on  the  haDmadromometer.  690 ;  on  the  rate 
of  the  circulation,  704 

Voluntary  motion,  275 ;  movements,  centres 
of,  304,  309 

Vomiting,  563 ;  caused  by  section  of  vagi, 
493  ;  effect  of  nervous  changes  upon,  566  ; 
glottis  protected  in,  543  ;  manner  in  which 
produced,  566 ;  produced  by  irritation  of 


vagus,  494 ;  (esophagus  in,  545 ;  sympa- 
thctic  of  diseased  kidney,  or  passage  of  i^. 
calculus  along  the  ureter,  341 

Vorticellfe,  multiplication  of,  823 ;  reproduc- 
tion of,  820 

Vowel  sounds,  production  of,  756 

Waoxer,  on  development  of  spermatozoa, 
836 ;  on  white  corpuscles,  641 ;  on  the 
changes  in  the  germinal  vesicle,  855  ;  and 
Mliller  on  the  development  of  the  human 
ovum,  872 

Walknaer,  on  the  division  of  the  cord  in  in- 
sects, 300 

Wallace,  Dr.  Clay,  on  the  action  of  the 
ciliary  muscle,  430 

Ward,  Mr.,  on  the  skeleton,  139,  142 

Warm-blooded  animals,  734 

Water,  as  a  constituent  of  animal  bodies,  52  ; 
removal  of,  from  body,  760 

Weber,  on  castor,  835  ;  oh  the  circulation  in 
the  capillaries,  694;  on  appreciating  the 
weight  of  bodies,  376 ;  on  formation  of 
decidua,  860 ;  on  the  generation  of  the 
blood -corpuscles  in  the  liver,  639 ;  on  ir- 
ritation of  arteries,  683 ;  on  the  organ  of 
hearing  in  fishes,  443 ;  on  the  striped 
muscular  fibres  in  the  intestine  of  the 
loach,  510 ;  on  vasa  aberrantia,  776 ;  on 
the  relation  of  the  fcetal  vessels  to  those  of 
the  mother,  889 

Weber  and  Goodsir  on  the  placenta,  889 

Weberian  organ,  835,  887 

Webster,  Dr.,  his  case  of  paralysis  of  motion, 
283 

Wedemeyer  and  Guenther,  on  the  suction- 
power  of  the  auricles,  702 

Weight,  power  of  appreciating,  376 ;  of  the 
human  heart,  664;  of  spleen,  806 

Whale,  the  skin  of,  356 ;  teeth  of,  526 

Wheatstone,  Professor,  on  semicircular  ca- 
nals, 472 ;  on  the  stereoscope,  441 

White  blood-corpuscles,  637 

White  chyle,  influence  of  pancreatic  fluid 
on  the  formation  of,  593 

White  of  the  eye,  403 

White  fibrous  tissue,  80 ;  in  the  cutis,  354 ; 
common  description  of,  incorrect,  80 ;  its 
vessels  and  nerves,  80 :  chemical  composi- 
tion, 80  ;  reparation  of,  82 

Whytt,  cases  of  numbness  of  arm,  etc.,  asso- 
ciated with  suppuration  of  the  liver,  340  ; 
Prochaska,  Blane,  and  Flourens,  on  the 
excitation  of  involuntary  movements,  280 

Will,  influence  of,  upon  the  spinal  cord,  293 

Willis,  his  arrangement  of  the  encephalic 
nerves,  271 ;  circle  of,  265,  656 ;  on  the 
aperture  of  the  glottis,  751 ;  on  the  pro- 
duction of  vocal  sounds,  752 ;  on  the  func- 
tions of  the  cerebral  convolutions,  323 

Wind,  action  of  cold  increased  by,  738 
'  Wbhler  and  Frerichs   on    the  formation  of 
I      urea  from  uric  acid,  801 
j  Wolfiian  bodies,  886 

Wollaston,  Dr.,  on  the  effects  of  tension  of 
the  membrana  tympani,  469 ;  and  Mayo, 
on  the  course  of  the  nerves  in  optic  tracts, 
440 

Women,  analysis  of  blood  of,  644 

Wright,  Dr.,  on  saliva,  540 

Wrisberg,  portio  intermedia  of,  461 
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Gaidei*'  which  we,  of  late,  baTc  had  oceaiton  to 
notice,  we  feel  confident  that  the  work  of  Dr.  Allen 
is  superior  to  anjr  of  them.  We  believe  with  the 
author,  that  none  is  so  fally  illaiErated  as  thii,  and 
the  arraof  eroent  of  the  work  ii  such  ai  to  facilitate 
the  labori  of  the  itudent  in  acquiring  a  thoroagh 
practical  knowledge  of  Anatomy.  We  most  cordi- 
ally recommend  it  to  their  attention.— IF««l<n»  Lou- 
mi,  Dec.  1856. 

We  believe  it  to  be  one  of  the  most  niefol  worki 
npon  the  lobject  ever  written,  it  ii  handsomely 
Ulottrated,  well  printed,  and  will  be  found  of  con- 
venient lize  for  uie  in  tne  diisectinf-room. — Med. 
r,  D«j.  1866. 


From  Prof,  J.  8.  Dovu,  I7ipit«<r«tlif  of  Va. 

I  am  not  acquainted  with  any  work  that  attaint  so 
fully  the  object  which  it  propiNMs. 

FVom  C  P.  FauntTf  M,  D.,  Demomstratptf  Vni- 
vertitjt  of  Michigan, 

I  have  examined  the  work  briefly,  but  even  thit 
examination  hai  convinced  me  that  it  ii  an  excellent 
guide  for  the  Dissector.  Iti  illnitratiuni  are  beau- 
tiful, and  more  than  I  have  teen  in  a  work  of  thii 
kind.  I  thall  take  great  pleaiure  in  recommending 
it  to  my  classes  as  tlu  ttxt'book  of  tk$  diutetitig- 
rootn. 
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The  most  able,  and  certainly  the  most  standard 
and  practical,  work  on  female  diaeasei  that  we  have 
yet  leen.— AfMue-CAtrtirgfca^  Rtvino. 


ARNOTT  (NEILL),  M.  D. 
ELEMENTS    OF    PHTSICS;    or  Natoral  Philoeophy^  General  and  Medical. 

Written  for  imiversal  use,  in  plain  or  non-technical  language.  A  new  edition,  by  Isaac  Hats, 
M.  D.  Complete  in  one  octavo  volume,  leather,  of  484  pages,  with  about  two  hundred  iliostra- 
tioos.    92  50. 

*  BUDD  (QEORQE),  M.  D.,  F.  R.  8.9 

Professor  of  Medicine  in  King's  College,  London. 

ON  DISEASES  OF  THE  LIVER.      Third  American,  from  the  third  and 

enlarged  London  edition.  In  one  very  handsome  octavo  volume,  extra  cloth,  with  foor  beauti- 
Ailly  colored  plates,  and  muMrous  wood-cuts.    pp.  500.    t3  00.    (iVov  Rmdy,) 


Has  fairly  eitablished  for  itself  a  place  amon^  the 
classical  medical  literature  of  England.— Srttu4 
mmd  Foreign  Medico-Chir.  RevitWy  July,  1857. 

Pr.  Budd'i  Treatise  on  Diieases  of  the  Liver  is 
now  a  standard  work  in  Medical  literature,  and  dur- 
ing the  intervals  which  have  elapeed  between  the 
successive  editioni,  the  author  has  incorporated  into 
the  text  the  most  lUiking  novelties  which  have  cha- 
racterised the  recent  progress  of  hepatic  physiology 
and  pathology ;  so  that  although  the  sixe  of  the  book 


ii  not  perceptibly  changed,  the  biitory  of  liver  dis- 
ease! ii  made  more  complete,  and  ii  kept  upon  a  level 
with  the  prtigress  of  modern  science.  It  is  the  best 
work  on  Diaeasei  of  the  Liver  in  any  language.— 
Lomd^m  Med.  Tiwus  «Md  G«sitf«,  June  S77w57. 

This  work,  now  the  standard  book  of  referenee  on 
the  diseases  of  which  it  treats,  has  been  careAiUy 
revised,  and  many  new  ill  nitrations  of  the  views  of 
the  learned  author  added  in  the  present  edition.— 
Dublin  QmmrUrlf  Jommai,  Aug.  I£ff7. 


BT  IBM  BAMX  AtTTHOa. 

ON  THE  ORGANIC  DISEASES  AND  FUNCTIONAL  DISORDERS  OP 

THE  STOMACH.    In  one  neat  octavo  volume,  extra  doth.    $1  50. 

From  the  high  position  oeeapied  by  Dr.  Bndd  as  style,  thssnbjeets are  well  arnaged,  and  the  praeti- 

a  tsaeher,  a  writer,  and  a  praeutioaer,  it  is  almost  eal  precepts,  both  of  diagnosis  and  treatment,  denoU 

needless  to  sute  that  the  present  book  may  be  eon-  the  ehataeter  of  a  thoughtful  and  experienead  phy- 

swltad  with  great  advantage.  It  is  written  in  an  easy  siciaa^^Lswd—  Ms*.  Ttm$$  mmd  emm$m. 


AND   SCIENTIFIC   PUBLICATIONS. 


BARCLAY  (A.  W.)    M.  O., 

Aiiiatant  Phyiieian  to  i$t.  Oeorge'i  lloipital,  &e. 

A  MANUAL  OF  MEDICAL  DIAGNOSIS;   being  an  Analysis  of  the  Signs 

mod  Symptoms  of  Disease.    In  one  neai  octavo  volume,  extra  cloth,  of  424  pases.    (JNoto  Ready.) 
$2  00. 

Of  worki  ezclasively  devoted  to  thia  important  i  haa  not  exceeded  hia  powera.  We  have  ihua  given 
branch,  oar  profeasion  has  at  command,  coinpara-  <  a  apeeimen  of  Barclay'a  geneinliziog  ipirit  in  one 
lively,  but  few,  uud,  therefore,  in  the  publication  of  '  direction ;  but  the  same  pervadei  hia  whole  work, 
the  prea<'nt  work,  Measra.  Blanchard  ft  Lea  have  '  and  will,  we  are  aure,  induce  teachers  to  recommend 
conferred  n  great  favor  upcm  ua.  Dr.  Barclay,  from  it  atrunglv  to  their  pupils.  It  is  impossible  for  as 
having  occupied,  for  a  long  period,  the  position  of  ,  here  to  follow  the  book  into  its  particulars;  and,  in- 
Medical  Registrar  at  St.  Deorge's  Hospital,  pos-  |  deed,  we  think  it  enoogh  to  indicate,  as  we  have  done, 
■eased  ndvantagea  for  correct  observation  and  reli-  !  the  importance  of  the  teaching  which  it  offera  to  the 
able  conclusions,asto  the  significance  of  symptoms,  ,  rising  generation  of  medicine,  to  insure  for  it  a  hearty 
which  have  fallen  to  the  lot  of  but  few,  either  in  I  reception  at  the  lianda  of  the  professi«m.  It  is  the 
his  own  or  any  other  country.  He  haa  carefully  I  work  of  a  physician  and  a  gentlenuui. — British  Med. 
arstematized  the  results  of  his  observation  of  over  \  Journal^  Dec.  5,  lb57. 

twelve  thousand  patients,  and  by  his  diligence  and  ■  ^e  hope  the  volume  will  have  an  extensive  cir- 
judicious  classification,  the  profeasion  haa  been  I  gulation,  not  among  studenU  of  medicine  only,  bnt 
presented  with  the  most  convenient  and  reliable  'riictiiioners  also.  They  will  never  regret  a  faith- 
work  on  the  subject  of  Dla«noaia  that  it  haa  been  i  f„i  .mj..  ^f  its  pages .-CtnetfuiottLaiie^r  Mar.  *9B. 
our  good  fortune  ever  to  examine;  we  can,  there-  i      „.  .    '  ,    J  ■*■...  w*.  *   i_ 

fore,  any  of  Dr.  Barclay's  work,  that,  from  his  sys-  ,  ^Am  Manual  of  Mfdual  Diagnosis  is  one  of  the 
tematic  manner  of  arrangement,  hia  work  ia  one  of  "«>•'  scientific,  useful,  and  Insirucljye  works  of  its 
the  best  works  "  for  reference'*  in  the  daily  emer-  i  k"<*  that  we  have  ever  read,  and  Dr.  Barclay  haa 
geoeiea  of  the  practitioner,  with  which  we  are  ac-  I  <*one  good  service  to  medical  science  in  collecting, 
qnainted :  but,  at  the  anme  time,  we  would  recom-  :  arranging,  and  analyzing  the  signs  and  symptoms 
mend  our  readers,  especially  the  younger  ones,  to  '  «f  ■«  »nany  diseases.  It  must  have  cost  him  great 
readthoronghlyandstudydiligentlytheuFAoZswork,  ,  labor,  and  the  profeasion  should  show  their  appro 
uud  the  *•  emerrencies"  will  not  occur  so  often.—  .  ciation  of  it  by  their  deaire  to  procure  and  apply  ita 
Soutktm  Mtd.  and  Surg.  Journ.,  March,  1858.  i  valuable  hinta  and  auggesUons  to  the  thouaand  ob- 

'  I  ecu  re  cases  which  perplex  and  bame  the  unaided 

To  give  this  Information,  to  aupply  this  admitted  efforts  of  any  one  man,  be  he  ever  ao  wise,  and  his 
deficit ncy,  is  the  object  of  Dr.  Barclay's  .Manual,  i  opportunitiea  ever  ao  goiKi.  Another  most  valuable 
The  task  of  composing  such  a  work  is  neither  an  feature  in  the  work  is  that  it  has  been  furnished 
ea»y  nor  a  light  one  ;  but  Dr.  Barclay  has  performed  >  with  a  copioua  index,  which  increases  its  utility 
it  in  a  manner  which  meets  our  most  unqualified  ,  very  much  as  a  volume  of  reference.— JV.  /.  M*d. 
approbation.  He  is  no  mere  theorist;  he  knows  his  and  Surg.  Reporter  j  March,  1856. 
work  ihoruughly,  and  in  attempting  to  perform  it,  i 


BARLOW  (QEORQE  H.),  M.  D. 
Physician  to  Guy's  Hospital,  London,  &e. 

A  MANUAL  OP  THE  PRACTICE  OP  MEDICINE.    With  Additions  bv  D- 

F.  Co!fDiB,  M.  D.,  author  of'*  A  Practical  Treatise  on  Diseases  of  Children,"  &c.    In  one  band- 
eome  octavo  volume,  leather,  of  over  bOO  pages.    {A  new  work^jtist  issuedy  1856.)    $2  75. 


We  recommend  Dr.  Barlow's  Manual  in  the  warm- 
est manner  as  a  most  valuable  vade-mecum.  We 
have  had  frequent  occasion  to  consult  it,  and  have 
found  it  clear,  eoocise,  practical,  and  sound.  It  is 
eminently  a  practical  work,  oontaininfr  all  that  is 
eaaential,  and  avoiding  uaeleas  theoretical  discus- 
aiim.  The  work  supplies  what  has  been  for  some 
time  wanting^  a  manual  of  practice  baaed  upon  mo- 
dern discoveries  in  pathology  and  rational  views  of 
treatment  of  disease.  It  is  especially  intended  for 
the  uae  of  students  and  junior  practitionera,  but  it 


will  be  found  hardly  leas  useful  to  the  experienced 
physician.  The  Araerioan  editor  haa  added  to  the 
work  three  chaptera— on  Cholera  Infantum,  Yellow 
Fever,  and  Cerebro- spinal  Meningitia.  These  addi- 
tions, the  two  first  of  which  are  indispensable  to  a 
work  on  practice  deattned  for  the  profession  in  this 
country,  are  executed  with  great  judgment  and  fl- 
delit)r,  b^  Dr.  Condie,  who  has  also  succeeded  hap- 
pily in  imitating  the  conciseness  and  cleameaa  of 
atyle  which  are  such  agreeable  characteriatica  of 
the  original  book.— .Bosloa  M»d.  and  Surg.  Journal. 


BARTLETT  (ELI8HA),  M.  D. 

THE  HISTORY,  DIAGNOSIS,  AND  TREATMENT  OP  THE  FEVERS 

OF  THE  UNITED  STATES.  A  new  and  revised  edition.  By  Alonzo  Clark,  M.  D.,  Prof, 
of  Pathology  and  Practical  Medicine  in  the  N.  Y.  College  of  Phy^ician^  and  Surgeons,  dec.  Id 
one  octavo  volume,  of  six  hiudred  pages,  extra  cloth.  (Now  Rsady.)  Price  $3  00. 

It  is  the  best  work  on  fevers  which  has  emanated  •  logy.  Hie  annotations  add  much  to  the  interest  of 
from  the  American  preaa;  and  the  present  editor  haa  j  the  work,  and  have  brought  it  well  up  to  the  condi- 
carefully  availed  himself  of  all  infonimtion  exist-  |  tion  of  the  science  as  it  exists  at  the  present  day 
ing  upon  the  subject  in  the  Old  and  New  World,  so  ,  in  regard  to  this  class  of  diseases.— 5o«lAsm  M»d, 
that  the  doctrines  advanced  aiebrouKht  down  to  the  |  and  Surg.  Journal,  Mar.  1857. 
latest  date  ia  the  j)rogress  of  t^is  department  of       n  j,  ^  ^o^^  ^f  great  practical  valae  and  iatereat. 


Medical  Srience.— JLoiMoa  Med.  Times  and  GaxetUy 
May  2,  185/. 

This  excellent  mono|niph  on  febrile  disease,  has 


containing  much  that  is  new  relative  to  the  aevarai 
diseases  of  which  it  treats,  and^  with  the  additions 
of  the  editor,  is  fully  up  to  the  times.    The  distinct* 


stood  deservedly  high  since  its  first  publication.  It  ive  features  of  the  different  forms  of  fever  are  plainly 
will  be  seen  that  it  nas  now  reached  its  fourth  edi-  ,  and  forcibly  portrayed,  and  the  lines  of  demarcataoa 
tion  under  the  supervision  of  Prof.  A.  Clark,  a  gea-  I  carefully  and  accurately  drawn,  and  to  the  AnoMrl- 
Uemaa  who.  from  the  nature  of  his  studies  and  pur-  |  can  practitioner  is  a  more  valuable  and  aafe  guide 
suits,  is  well  calculated  to  appreciate  and  diacuaa  than  any  work  on  fever  extant.— OAto  M$d.  atuL 
the  many  intricate  and  difficult  questions  in  patho-  I  Surg.  Journal,  May,  1857. 

CURLING   (T.    B.),   F.  R.8., 
Bargeoa  to  the  London  Hospital,  President  of  the  Huatariaa  Society,  Ae. 

A  PRACTICAL  TREATISE  ON  DISEASES  OP  THE  TESTIS,  SPERMA- 

TIC  CORD,  AND  SCROTUM.    Second  Amertoan,  froni  the  teeood  and  enlug«d  Enotiali  edi- 
tion.   In  one  handsome  octavo  Ydume,  eztrm  doth,  with  numerous  illtutratioiuu  v^«  w«  vJ>Mt^ 
Issued,  1856.)    92  00. 
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(WILLIAM  B.)|  M.  D.,  F.  R.  8., 

BjLuniaer  in  Phydolof  y  and  CompAnitive  Anatomy  in  the  UniTenity  of  London. 

{Just  Issusdy  1856.) 

THE  MICROSCOPE  AND  ITS  REVELATIONS.     With  an  Appendix  con- 

Uining  the  Applications  of  the  Microscope  to  Clinical  Medicine,  &c.  By  F.  G.  Smitb,  M.  D. 
Illustrated  by  tour  hundred  and  thirty-four  beautiful  engraving  on  wood.  In  one  large  and  verr 
handsome  octavo  volume,  of  724  pages,  extra  cloth,  $4  00 ;  leather,  S4  50. 

Dr.  Carpenter's  position  as  a  microscopist  and  pbysiologiftt,  and  his  great  experience  as  a  teacher 
eminently  qualify  him  to  produce  what  has  long  been  wanted— a  good  text-book  on  the  practical 
use  of  the  microscope.  In  the  present  volume  his  object  ha^  been,  as  stated  in  his  Preface,  <*  to 
combine,  within  a  uKxierate  compass,  that  information  with  regard  to  the  use  of  his  <  tools,'  which 
is  most  essential  to  the  working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for 
his  study,  as  might  qualify  him  to  comprehend  what  he  observes,  and  might  thus  prepare  him  to 
benefit  science,  whilst  expanding  and  refreshing  his  own  mind  "  That  he  has  succeeded  in  accom- 
plishing this,  no  one  acquainted  with  his  previous  labors  can  doubt. 

The  great  importance  of  the  microscope  as  a  means  of  diagnosis,  and  the  number  of  microsoo- 
pists  who  are  also  physicians,  have  induced  the  American  publishers,  with  the  author's  approval,  to 
add  an  Appendix,  carefully  prepared  by  Professor  Smith,  on  the  applications  of  the  instrument  to 
clinical  medicine,  together  with  an  account  of  American  Microscopes,  their  modifications  and 
accessories.  This  portion  of  the  work  is  illustrated  with  nearly  one  hundred  wood^suts,  and,  it  is 
hoped,  will  adapt  the  volume  more  particularly  to  the  use  of  the  American  student. 

Every  care  has  been  taken  in  the  mechanical  execution  of  the  work,  which  is  confidently  pre- 
sented as  in  no  respect  inferior  to  the  choicest  productions  ot'  the  London  press.  , 

The  mode  in  which  the  author  has  executed  his  intentions  may  be  gathered  from  the  following 
coodensed  synopsis  of  the 

CONTENTS. 

Imtroductioii — ^History  of  the  Microscope.  Chap.  I.  Optical  Principles  of  the  Microscope. 
Chap.  II.  Construction  of  the  Microscope.  Chap.  III.  Accessory  Apparatus.  Chap.  tV, 
Management  of  the  Microscope  Chap.  v.  Preparation,  Mounting,  and  Collection  of  Objects. 
Chap.  VI.  Microscopic  Forms  of  Vegetable  Life — Protophytes.  Chap.  VII.  Higher  Crypcoga- 
mia.  Chap.  Vl  11.  Phanerogamic  Plants.  Chap.  IX.  Microscopic  Forms  of  Animal  Life — Pro- 
tosoa — Animalcules.  Chap.  X.  Foraminifera,  Polycystina,  and  Sponges.  Chap.  XI.  Zoophytes. 
Chap.  XII.  Echinodermata.  Chap.  XIII.  Polyzoa  and  Compound  Tunicata.  Chap.  XIV. 
Molluscous  Animals  Generally.  Chap.  XV.  Annulosa.  Chap.  XVI.  Crustacea.  Chap.  XVII. 
Insects  and  Arechnida.  Chap.  XVIII.  Vertebrated  Animals.  Chap.  XlX.  Applications  of  the 
Microscope  to  Geology*  Chap.  XX.  Inorgauic  or  Mineral  Kingdom— Polarization.  Appshdiz. 
Microscope  as  a  means  of  Diagnosis— Injections— Microscopes  of  American  Manufacture. 

Those  who  are  aeqaaioted  with  Dr.  Carpenter's  |  medieal  work,  the  additions  by  Prof.  Smith  give  It 

rirevioas  writings  oa  Animal  and  Vegetable  Physio-  i  a  positive  claim  apoa  the  profession,  for  whieh  we 
o^,  will  fally  anderstand  how  vasta  store  of  know-  doubt  not  he  will  reeeive  their  sincere  thanks.  la- 
ledge  he  is  able  to  bring  to  bear  npon  so  comprehen-  deed,  we  know  not  where  the  stadent  of  medieiae 
sive  a  snbjeet  as  the  revelations  of  the  microscope ;  I  will  find  soch  a  complete  and  satisfactory  coUectioa 
and  even  those  who  have  ao  previoas  acqaaiatance  t  of  microscopic  facts  bearing  apon  physiolMy  and 

*^     "  * ''^'  practical  medicine  SB  is  eontaiaed  la  Pruf.  Smith's 

appendix;  and  this  of  itself,  it  seems  to  as,  is  fally 
worth  the  cost  of  the  volume.— Xe«uviii«  M§4itml 
Rtvuufy  Nov.  1866. 


rrions  Hcquaiawace  oi  microscopic  laccs  oearing  upon  payslolcwy  and 
with  the  eoostroction  or  uses  of  this  instrument,  |  practical  medicine  ss  is  eontaiaed  la  Pruf.  Smith's 
will  find  abundance  of  information  conveyed  in  dear 
and  simple  language.— Mtd.  Timtt  atid  Oumttu. 

Although  originally  not  intended  as  a  strictly 


BT  TBI  BAMS  AITTHOE. 

BLEMENTS  (OR  MANUAL)  OP  PHYSIOLOGY,  INCLUDING  PHYSIO- 

LOGICAL  ANATOMY.  Second  American,  from  a  new  and  revised  London  edition.  With 
one  hundred  and  ninety  illustrations.  In  one  very  handsome  octavo  volume,  leather,  pp.  966. 
$3  00.  '^'^ 

In  publishing  the  first  edition  of  this  work,  its  title  was  altered  from  that  of  the  London  volume, 
by  the  substitution  of  the  word  "  Elemento"  for  that  of  "  Manual,"  and  with  the  author's  sanction 
the  title  of  *'  Elements"  is  still  retained  as  being  more  expressive  of  the  scope  of  the  tiemtiBe. 


To  say  that  it  Is  the  best  raanaal  of  Physiolc^ 
now  before  the  public,  would  not  do  sufficient  jastiee 
to  the  Author ^-'Bufalo  Mtdicml  Ji$mal, 

la  his  former  works  it  would  seem  that  he  had 
exhausted  the  suhjectof  Physioloav.  In  the  present, 
he  gives  the  essence,  as  it  were,  of  tae  whole.— J^.  Y. 


Those  who  have  oeeasioa  for  aa  elementary  tree* 
"""^tiology,  eaaaot  do  better  than  to  possaas 
9f  the  raanaal  of  Dr.  Carpenter.— >JbiKs«l 


The  best  and  most  eompleta  expostf  of  modem 
Physiology,  ia  one  volume,  extaat  in  the  Bagllah 
laagaage.— Al.  Le«M  JfMtcfti  J^wmml, 


BT  THE  BAIOE  ATTTHOE.     (Pr»panng.) 

PRINCIPLES  OP  GENERAL  PHYSIOLOGY,   INCLUDING  ORGANIC 

CHEMISTRY  AND  HISTOLOGY.    With  a  General  Sketch  of  the  Vegetable  and  Animal 

Kingdom.    In  one  large  and  very  handsome  octavo  volume,  with  several  hundred  illustratiooa. 

The  subject  of  general  physiology  having  been  omitted  in  the  last  editions  ot  the  author's  "Con* 

parative  rhysiology"  and  "  Human  Physiology,"  he  has  imdertaken  to  prepare  a  volimie  which 

shall  present  it  more  thoroughly  and  fully  than  haa  yet  been  attempted,  and  which  may  be  regarded 

as  an  mtroduction  to  hia  other  works. 

BT  TBS  8AMB  AOTBOB. 

A  PmZB  ESSAY  ON  THE  USE  OF  ALCOHOUO  LIQUORS  IN  HEALTH 

AND  DISEASE.    New  edition,  with  a  Prefiioe  by  D.  F.  Cordii,  M.  D.,  and  explBiintioM  of 
Bcientiiki  words.    In  one  neat  VSimo.  volame,  extra  doth.   pp.  178.    QQ       ' 
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CHURCHILL  (FLEETWOOD)i  M.  D..  M.  R.  I.  A. 
ON  THB  THEORY  AND  PRACTICE  OP  MIDWIFERY.     Edited,  with 

Notes  and  Additions,  bv  D.  Francis  CoNDnE,  M.  D.,  mnthor  of  a  « Practical  Treatise  on  the 
Diseases  of  Children,"  6ce.  Witb  139  illustrations.  In  one  very  liandsome  octavo  volume, 
leather,    pp.610.    $3  00. 


To  bestow  praise  on  a  book  that  has  received  such 
narked  approbation  wonld  be  luperflaoua.  We  need 
onlj  say,  therefore,  that  if  the  first  edition  was 
thonght  worthy  of  a  (avorable  reception  by  the 
medical  public,  we  can  oonfidently  affirm  that  this 
will  be  found  much  more  so.  The  lecturer,  the 
practitioner,  and  the  student,  may  all  have  recourse 
to  its  pages,  and  derive  from  their  perusal  much  in- 
terest  and  instruction  in  everythinff*  relating  to  theo* 
retical  and  practical  midwifery.— Dublin  QuarUrlf 
J^umai  ^  MtdictU  SeU9u$. 

A  work  of  very  great  merit,  and  such  as  we  can 
confidently  recommend  to  the  study  of  every  obste- 
trie  practitioner. — Ltmdtm  Mtdical  Oeui*tU. 

This  is  certainly  the  most  perfect  system  extant. 
It  is  the  best  adapted  for  the  purposes  of  a  text- 
book, and  that  which  he  whose  necessities  confine 
him  to  one  book,  shcmld  select  in  preference  to  all 
others. — SantJUm  Medical  ami  Surgical  Journal. 

The  most  popular  work  on  midwifery  ever  issued 
ftom  the  American  press.— CAaW<«e»  Med.  Journal . 

Were  we  reduced  to  the  necessitjr  of  having  but 
•iM  work  on  midwifery,  and  permitted  to  choose ^ 
we  would  unhesitatingly  take  Churchill. — WesUm 
Med.  and  Surg.  Journal. 

It  is  impossible  to  eonceive  a  more  useful  and 
elegant  manual  than  Dr.  ChurchilPs  Practice  of 
Midwifery— Protrtiutai  Medical  Journal. 

Certainly,  in  our  opinion,  the  very  best  work  on 
the  subject  which  exists.— i\r.  Y.  Annalist. 


No  work  holds  a  higher  position,  or  is  more  de- 
serving of  being  placed  in  the  hands  of  the  tvro. 
the  advanced  student,  or  the  practitioner. — Medical 
Szamnner, 

Previous  editions,  under  the  editorial  supervision 
of  Prof  R.  M.  Huston,  have  been  received  with 
marked  favor,  and  they  deserved  it ;  but  this,  re- 
printed from  a  very  late  Dublin  edition,  careflilly 
revised  and  brought  up  by  the  author  to  the  present 
time,  does  present  an  unusually  accurate  and  able 
exposition  of  every  important  particular  embraced 
in  the  department  m  midwifery.  *  *  The  clearness, 
directness,  and  precision  of  its  teachings,  together 
with  the  great  amount  of  statistical  research  which 
its  text  exhibits,  have  served  to  place  it  already  in 
the  foremost  rank  of  works  in  this  department  of  re- 
medial science.— M  O.  Med.  and  Surg.  JoumeU, 

In  our  opinion,  it  forms  one  of  the  best  if  not  the 
very  best  text-book  and  epitome  of  obstetric  science 
which  we  at  present  possess  in  the  English  lan- 
guage.—Jtfo»lJUjf/e«niSs/  of  Medical  Science. 

The  clearness  and  precision  of  style  in  which  it  is 
written,  and  the  greatamount  of  statistical  research 
which  it  contains,  have  served  to  place  it  in  the  first 
rank  of  works  in  this  departmentof  medical  science. 
"N.  Y.  JourtuU  nf  Meduitu, 

Few  treatises  will  be  found  better  adapted  as  a 
text-book  for  the  student,  or  as  a  manual  for  the 
frequent  consultation  of  the  young  practitioner.-- 
American  Medical  JourtuU, 


BT  THK  SAMS  AirrHOE.     {Just  IsSltod.) 

ON  THE  DISEASES  OP  INFANTS  AND  CHILDREN.    Second  Americin 

Edition,  revii*ed  and  enlarged  by  the  author.    Edited,  with  Notes,  by  W.  V.  Keating,  M.  D.    In 
one  large  and  handsome  volume,  extra  cloth,  of  over  700  pages.    $3  00,  or  in  leather,  $3  25. 

In  preparing  this  work  a  second  time  for  the  American  profession,  the  author  has  spared  no 
labor  in  giving  it  a  very  thorough  revision,  introducing  several  new  chapters,  and  rewriting  others, 
while  every  portion  of  the  volume  has  been  subjected  to  a  severe  scrutiny.  The  efforts  of  the 
American  editor  have  been  directed  to  supplying  such  information  relative  to  matters  peouliar 
to  this  country  as  might  have  escaped  the  attention  of  the  author,  and  the  whole  may,  there- 
fore, be  safely  pronounced  one  of  the  most  complete  works  on  the  subject  accessible  to  tne  Ame- 
rican Profession.  By  an  alteration  in  tlie  size  of  tbe  page,  these  very  extensive  additions  imve 
been  accommodated  without  unduly  increasing  the  size  of  the  work. 

A  few  notices  of  the  former  edition  are  subjoined : — 

We  regard  this  volume  as  possessing  more  claims  The  present  volume  will  sustain  the  reputation 
to  completeness  than  any  other  of  the  kind  with  acquired  by  the  author  from  his  previous  works, 
which  we  are  acquainted.  Most  cordially  and  ear-  The  reader  will  find  in  it  full  and  judicious  diree- 
aestly ,  therefore,  do  we  commend  it  to  our  profession-  Uons  for  the  management  of  infants  at  birth,  and  a 
al  brethren,  andf  we  feel  assured  that  the  stamp  of  eompendious,  but  clear  account  of  the  diseases  to 
their  approbation  will  in  due  time  be  impressed  upon  which  children  are  liable,  and  the  most  successful 
it.  Alter  an  attentive  perusal  of  its  contents,  we  mode  of  treating  them,  we  must  not  close  this  no- 
hesitate  not  to  say,  that  it  is  one  of  the  most  com-  tiee  without  calling  attention  to  the  author's  style, 
prehensive  ever  written  upon  the  diseases  of  chil-  which  is  perspicuous  and  polished  to  a  degree,  we 
dren,  and  that,  for  copiousnessof  reference,  extent  of  regret  to  say,  not  generally  characteristic  of  medical 
research,  and  perspicuity  of  detail,  it  is  scarcelr  to  works.  We  recommend  the  work  of  Dr.  Churchill 
be  equalled;  and  not  to  be  excelled,  in  any  Ian-    most  cordially,  both  to  students  and  practitioners, 

as  a  valuable  and  reliable  guide  in  the  treatment  of 
the  diseases  of  children. — Am,  Joum.  of  tks  tied, 
Sciencee. 


gnage. — Dublin  Quarterlf  Journal. 

After  this  meagre,  and  we  know,  very  imperfect 
notice  of  Dr.  Churchill's  work,  we  shall  conclude 
by  saying,  that  it  is  one  that  cannot  fail  from  its  co- 
piousness, extensive  research,  and  general  accuracy, 
to  exalt  still  higher  the  reputation  of  the  author  in 
this  country.  The  American  reader  will  benarticu- 
larly  pleased  to  find  that  Dr.  Churchill  h^s  done  full 
justice  throughout  his  work  to  the  various  A  mericun 
Buth(»rs  t»n  this  subject.  The  names  of  Dewees, 
Eberle,  Condie,  and  Stewart,  occur  on  nearly  every  J  would  not  elevate  it  above  every-other  treatise  on 


We  know  of  no  work  on  this  department  of  Prae- 
tieal  Medicine  which  presents  so  candid  and  unpre- 
judiced a  statement  or_posting  up  of  our  aetaal 
knowledge  as  this.— iV.  Y.  Journal  of  Medicine. 

Its  claims  to  merit  both  as  a  scientific  and  practi- 
cal vrork,  are  of  the  highest  order.    Whilst 


page,  and  these  authors  are  constantly  referred  to  hv  the  same  subject,  we  certainly  believe  that  very  few 
the  author  in  terms  of  the  highest  praise,  and  with  are  equal  to  it,  and  none  superior «—So«lA«m  Jfctf. 
the  most  liberal  coorteay. — The  Medical  Bxawtiner.  I  and  surgical  Journal, 


BT  TBI  8A1R  AITTHOE. 


ESSAYS  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DISEASES  PE- 
CULIAR TO  WOMEN.  Selected  from  tbe  writings  of  British  Authors  previous  to  tin  cUma  <^C 
the  Eighteenth  Century.    In  one  neat  ootavo  Yolume)  exun  c\QilVk>  oV  vicKraX  A»i^  v^«h^«   ^SX  ^. 


AND  SCIENTIPIO   PUBLICATIONS.  11 
DRUITT  (ROBERT).  M.  R.  C.  8.,  itc. 

THE  PRmOTPLES  AND  PRACTICE  OF  MODERN  SURGERY.    Edited 

bf  F.  W.  Saeosiit,  M.  D.,  author  of «  Minor  Surgery,"  tK.  Illustrated  with  one  hundred  and 
ninety-thfee  wood-engravings.  In  one  very  handaomely  printed  octavo  volume,  leather,  of  976 
large  pages.    $3  00. 

Dr.  Draitt's  researches  into  the  literstare  of  his  is  really  practically  aaeful  at  the  bedside  will  be 
subject  have  been  not  oaly  extensive,  but  vrell  di-  found  in  a  form  at  once  clear,  distinct,  and  interest- 
reeled^  the  most  discordant  anthors  are  fairly  and  ing. --Edinbmrgk  Mtmtklf  Mtdieal  JpurtuU. 

V^^^h^^Iw^'i^i^X^'^^  Dniitt's  work,  eondensed,  syitematic,  lucid,  aad 

an  unpi^jttdiced  Knd.    The  grain  of  whMt  is  pre-  Poetics   as  it  is,  beyond  mo«t  works  on  Sargerv 

served,  ud  the  chaff  is  unmercifully  ttripped  off.  accessible  to  the  American  Jadent,  has  had  muck 

The  arrangement  is  simple  and  philosophical,  aad  c«r«ncy  m  this  country,  and  under  ita  nresent  an- 

Ue  style,  Siough  dear  and  interesting,  ia  lo  precise,  ■£>««■  P7n11.cs  to  me  to  yet  higher  fa  vor—TA* 

that  the  4ook  contains  more  infornuTtU  cohdenswi  "'"'«'»  Journal  0/  Medteuu  mnd  ^urgerp, 

into  a  few  words  than  anv  other  surgical  work  with  The  most  sccurate  and  ample  resnm6  of  the  pra- 

which  we  are  acquamled.— Loadoa  Midteal  Tinus  ,ent  state  of  Surgery  that  we  are  acquainted  with.— 

mmd  Ommout,  Dublin  MtdictU  Jonmmi . 

No  work,  in  onr  opinion,  equals  it  in  presenting  A  better  book  on  the  principles  and  practice  of 

so  much  valuable  suraical  matter  in  so  small  a  Surgery  as  now  understood  in  Eiwland  and  America, 

eompass.— 51.  L#«t«  Hid.  and  Surgical  Journal.  has  not  been  ^ivtn  to  the  profession.— .Bs«ts»  Mtdi' 

cal  and  Surgteal  JounuU, 

Draitt's  Surgery  is  too  well  known  to  the  Ameri-  ^                       .,                 ..                    .      ^  « 

can  medical  profession  to  require  its  announcement  An  unsurpassable  compendium,  not  only  of  Sur- 

anywhere.    Probably  no  work  of  the  kind  has  ever  fjcal,  but  of  Medical  Pracuce.— LoMloa  Jtf<d«eal 

been  more  cordially  received  aad  extensively  eircu-  Oaxetu. 

lated  than  this.  nHie  fact  that  it  comprehends  in  a  This  work  merits  onr  warmest  commendations, 

comparatively  small  compass,  all  the  essential  ele-  and  we  strongly  recommend  it  to  jroung  surgeons  as 

meets  of  theoretical  and  practical  Surgery— that  it  an  admirable  digest  of  the  principles  and  praetiee  of 

is  found  to  eontain  reliable  aad  authentic  informa-  modern  Surgery. — MtdiealOaaetu. 

tionon  the  nature  and  treatment  of  nearly  all  surgi-  ,            ^        .,     .^         ^   ^^  ^    ^          ^*X 

oal  affections— is  a  sufficient  reason  for  the  liberal  I*  "wy  he  said  with  truth  that  the  work  of  Mr. 

Ktronage  it  has  obtained.  The  editor.  Dr.  P.  W.  Druitt  affords  a  complete,  though  brief  aad  eon-^ 
rgent,  has  contributed  much  to  enhance  the  value  i«P««>  ^'^^^j  of  the  entire  field  of  modern  surgerv. 
of  the  work,  by  such  American  improvements  as  are  We  know  of  no  work  on  the  same  subject  having  the 
oalcuUted  more  perfectly  to  adapt  it  to  our  own  appearance  of  a  manual,  which  includes  so  many 
views  and  practice  in  this  country.  It  abounds  topics  of  interest  to  the  surgeon ;  and  the  terse  man- 
everywhere  with  spirited  and  Ufe-like  illustrations,  »«'  in  which  each  has  been  treated  evinces  a  most 
which  to  the  young  surgeon,  especially,  are  of  no  enviable  qualilv  of  mind  on  the  part  of  the  author, 
minor  consideration.  Every  medical  man  frequently  who  seems  to  have  an  innate  power  of  searching 
needs  just  such  a  work  as  thU,  for  immediate  refer-  ont  *«»<*  grasping  the  leading  facts  and  features  of 
ence  in  moments  of  sudden  emergency,  when  he  hss  the  most  elaborate  productions  of  the  pen.  It  is  a 
■ot  time  to  consult  more  elaborate  treatises.— Tfcs  "■«f«»l  handbook  for  the  practitioner,  and  we  shonld 
Ohio  Modieal  and  Surgical  Joumai.  deem  a  teacher  of  surgery  unpardonable  who  did  not 

recommend  it  to  his  pupils.    In  our  own  opinion,  it 

The  author  has  evidently  ransacked  every  stand-  is  admirably  adapted  to  the  wants  of  the  student.— 

aid  treatise  of  ancient  and  modem  times,  and  all  that  Provincial  Medical  and  Surgical  Journal . 


DUNQLI80N,   FORBES,  TWEEDIE,  AND  CONOLLY. 
THE  CYCLOPAEDIA  OF  PRACTICAL  MEDICINE:  comprising  Treatises  on 

the  Nature  and  Treatment  of  Disea^s,  Materia  Medica,  and  Therapeutics,  Diseases  of  Women 
and  Children,  Medical  Jurisprudence,  dEC.  dec.  In  four  large  super-ro>'al  octavo  volumes,  of 
3254  double-columned  pages,  strongly  and  handsomely  bound,  with  raised  bands.    $12  00. 

*^*  This  work  contains  no  less  than  four  hundred  and  eighteen  distinct  treatises,  contributed  by 
sixty-eight  distinguished  physicians,  rendeiing  it  a  complete  library  of  reference  for  the  eoimtry 
practitioner. 

The  most  eomplete  work  00  Practical  Medicine  tinner.  This  estimate  of  it  has  not  been  forsMd 
extant;  or,  at  least,  in  our  language.— f^/is/s  from  a  hasty  examination,  but  after  an  intimate  ae- 
Mcdical  and  Surgical  Journal,  auaintance  derived  from  frequent  eonsultatioa  of  it 

tlttoner.—  wetum  ^««-  of  contributors  embraces  many  of  the  most  eminent 

One  of  the  most  valuable  medical  publications  of  professoraand  teachers  of  London,  Edinburgh,  Dub- 
the  day-«8  a  work  of  reference  it  is  invaluable.—  I  in,  and  Glasgow.  It  is,  indeed,  the  great  merit  of 
Wctum  Journal  of  Medutno  and  Surgerf.  this  work  that  the  principal  articles  have  been  fur- 

It  has  been  to  us,  both  as  learner  and  teacher,  a  nished  by  practitioners  who  have  not  only  devoted 
work  for  ready  and  frequent  reference,  one  in  which  especial  attention  to  the  diseases  about  which  they 
modern  Rnglish  medicine  is  exhibited  in  the  most  hav«  written,  but  have  also  enjoyed  opportunities 
advantageous  light.— Jlfcilieai  Bxamintr.  ;  f^r  ui  extensive  practical  acquaintance  with  them, 

I  and  whose  reputation  carries  the  assurance  of  their 

We  rejoice  that  this  work  is  to  be  placed  within  |  competency  justly  to  appreciate  the  opinions  of 

the  reach  of  the  profession  in  this  country,  it  being  ,  others,  while  it  stamps  their  own  doctrines  with 

anquesUonably  one  of  very  great  value  to  the  prae-  .  high  aad  just  authority.— ilsM ricmJtfMiicai  Joum, 


DEWEES'S  COMPREHENSIVE  SYSTEM  OP 
MIDWIFERY.  Illustrated  by  occasional  cases 
and  many  engravings.  Twelfth  edition,  with  the 
author's  last  improvements  and  corrections     la 


DANA  ON  ZOOPm'TES  AiND  CORALS.  Ibom 
volume,  imperial  quarto,  extra  cloth,  with  wood- 
enU.  f  15  00.  Also,  AN  ATLAS,  in  ime  volnssa. 
imperial  folio,  with  sixty-one  magnificent  eotorec 


oneoctavovolume,  extra  cloth,  of  600  pages.  93  flO.       plates.    Bound  in  half  moroeoo.    930  00. 
DEWEES'S  TREATISE  ON  THE  P^'SICALIDE  LA  HECHE'S  GEOLOGICAL  OBSERVER. 


AND  MEDICAL  TREATMENT  OP  CHILD-        In  one  very  large  and  handsome  ocUvo  volume,  ex 


REN.    Tenth  edition.    In  one  voluma,  oetavo, 
extra  cloth,  648  pages.    tS  80. 

DEWEES'S  TREATISE  ON  THE  DISEASES 
OP  PEMALES.  Tenth  edition.  la  one  volnroe, 
oetavo,  extra  oloth,  639  pages,  with  plates.  83  00. 


traeloth,of  700  pages,  with  300  wood-eats.  Si  00. 

PRICK  ON  RENAL  APPECTIONS;  their  Diag- 
nosls  and  Pathology.  With  illustratiims.  One 
volume,  royal  ISmo.,  extra  cloth.    79  eenU. 
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DUNQLISON   (ROBLEY),   M.  D., 

Profesaor  of  Inititntei  of  Medicine  ui  the  Jeffenon  Medical  Collefe,  Philadelphia. 

HUMAN    PHYSIOLOGY.     Eighth  edition.     Thoronghly  revised  and  ezten* 

eively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illuMratinns.  In  two  large  and 
handsomely  printed  octavo  volumei*,  leather,  of  about  1.000  pages.    (Ju^t  Issued ,  1856.)     $7  00. 

In  revising  thi»  work  for  its  eighth  appearance,  the  author  has  spared  no  labor  to  render  it  worthy 
a  continuance  of  the  very  great  favor  wnich  has  been  extended  to  it  by  the  profession.  The  whole 
contents  have  been  rearranged,  and  to  a  great  extent  remodelled ;  the  investigations  which  of  late 
years  have  l>een  so  numerous  and  so  important,  have  been  carefully  examined  and  incorpDrated, 
and  the  work  in  everv  respect  has  been  brought  up  to  a  level  with  the  present  slate  of  the  subject. 
The  object  of  the  author  has  been  to  render  it  a  concise  but  comprehensive  treatise,  containing  the 
whole  body  of  phy>iological  science,  to  which  the  student  and  man  of  Ksience  can  at  all  times  refer 
with  the  certamty  of  finding  whatever  they  are  in  search  of,  fully  present^  in  all  its  aspects;  and 
on  DO  former  edition  has  the  author  bestowed  more  labor  to  secure  this  result. 

We  believe  that  it  can  truly  be  said,  no  more  com-  i     The  best  work  of  the  kind  in  the  English  laa- 
plete  repertory  of  tacts  upon  the  subject  treated,  i  gnage. — SiUiman*s  Journal. 

c^  anywhere  be  foand     Thr  author  lias,  moreover,  ■      The  present  edition  the  author  has  made  a  perfect 
that  enviable  tact  at  deacription  and  that  facility  '  „i„or  of  the  science  as  it  is  at  the  present  hoar, 
and  ease  of  exprosston  which  r«»der  him  peculiarly  ,  a,  m  work  upon  physiology  proper,  the  science  of 
acceptable  to  the  casual,  or  the  studious  reader,    ihcfanctionsperformedby  the  body,  the  student  will 
This  faculty,  so  re<|Ui.ite  in  setting  forth  many    fi„d  jj  ,„  j,^*  wishes.-ir«A«««  Veiim.  o/  Mtd. 
rraver  and  less  attractive  subjects,  lends  additional  '  ^pt.  1856. 
charms  to  one  always  fasrinatiac. — BosUm  Med, ,      2,  *  ^ .    *  .  ^  ....  .   . 

•md  Surg.  Journal,  Sept.  1866.  .  That  he  has  succeeded,  most  admirably  succeeded 

I  m  his  purpitse,  is  apparent  from  the  appearance  of 

The  moat  complete  and  satisfactory  system  of  an  eighth  edition.  It  is  now  the  great  encyclopaedia 
Physiology  in  the  English  language. — iimsr.  Mtd.  j  on  the  subject,  and  worthy  of  a  place  in  every  phy- 
Joummi.  I  sician*s  hbnry. —Wtsum  Lancet,  Sept.  1850. 

BT  THS  BAMS  AUTBOE.     {NoW  Rdodp.) 

GENERAL   THERAPEUTICS    AND    MATERIA  MEDIC  A;  adapted  for  a 

Medical  Text-book.  With  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies.  Sixth 
EniTioN,  revised  and  improved.  With  one  hundred  and  ninety* three  illuntratiuns.  In  two  large 
and  handsomely  printed  octavo  vols.,  leather,  of  about  1100  pages.    $6  00. 

Ji'rom  the  Author*s  Preface, 

"  Another  edition  of  this  work  being  called  for,  the  author  has  subjected  it  to  a  thorough  and  careful 
revision.  It  ha>  been  gratifying  to  him  that  it  has  been  found  so  extensively  useful  by  those  for  whom 
it  was  especially  intended,  as  to  require  Xhata  sirtU  edition  should  be  insiied  in  so  short  a  time  after 
the  publication  of  a  fifth.  Grateful  for  the  favorable  rec<^ption  of  the  work  by  the  profession,  he  has 
bestowed  on  the  preparation  of  the  present  edition  all  those  cares  which  were  demanded  by  the 
former  editions,  and  has  spared  no  pains  to  render  it  a  faithful  epitome  of  General  Therapeutics 
and  Materia  Medica.  The  copious  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies  can- 
not fail,  the  author  conceives,  to  ndd  materially  to  the  value  of  the  work." 

This  work  is  too  widely  and  too  favorably  known  to  require  more  than  the  assurance  that  the 
author  has  revised  it  with  his  customary  inilustry,  introducing  whatever  has  l)een  found  necessary 
to  bring  it  on  a  level  with  the  most  advanced  condition  of  the  subject.  The  number  of  illustration's 
has  been  somewhat  enlarged,  and  the  mechanical  execution  of  the  vduuies  will  be  found  to  have 
undergone  a  decided  improvement. 

BT  THB  8Am  ▲VTHOE.    (A  new  Edition,) 

NEW  REMEDIES,  WITH  FORMULAE  FOR  THEIR  PREPARATION  AND 

ADMINISTRATION.  Seventh  edition,  with  extensive  Additions.  In  one  very  large  octavo 
volume,  leather,  of  770  pages.    {Just  Issued.)    $3  75. 

Another  edition  of  the  **  New  Remedies"  having  been  called  for,  the  author  has  endeiYored  to 
add  everything  of  moment  that  has  appeared  since  the  publication  of  the  last  edition. 

The  chief  remedial  meant  which  have  obtained  a  place,  for  the  first  time,  in  this  volume,  either 
owing  to  their  having  been  recently  introduced  into  pharmacology,  or  to  their  having  received  novel 
applications — and  which,  consequently,  belong  to  tne  category  of  **  New  Remedies" — are  the  fol- 
lowing : — 

ApioljCaffein,  Carbazotic  acid,  Cauterization  and  catheterism  of  the  larynx  and  trachea,  Cedron, 
Cerium,  Chloride  of  bromine.  Chloride  of  iron,  Chloride  of  sodium,  Cinchonicine^  Cod-liver  olein. 
Congelation,  Eau  de  Pagiiari,  Galvanic  cautery,  Hydriodic  ether,  Hyposulphite  of  soda  and  silver, 
Inunction,  Iodide  of  sodium,  Nickel,  Permanganate  of  potassa,  Phosphate  of  lime.  Pumpkin,  Quinidia, 
Rennet,  Saccharine  carbonate  of  iron  and  manganese.  Santonin,  Tellurium,  and  Traumaticine. 

The  articles  treated  of  in  the  former  editions  will  be  found  to  have  imdergone  considerable  ex- 
pansion in  this,  in  order  that  the  author  might  be  enabled  to  introduce,  as  far  as  practicable,  the 
results  of  the  subsequent  experience  of  others,  as  well  as  of  his  own  observation  and  refleotion ; 
and  to  make  the  work  still  more  deserving  of  the  extended  circulation  with  which  the  preceding 
editions  have  been  favored  by  the  profession.  By  an  enlargement  of  the  page,  the  numerous  addi- 
tions have  been  incorporated  without  greatly  increasing  the  bulk  of  the  volume. — Pre/aee. 


One  of  tbe  most  usefal  of  the  author*8  worksv— 
SoutlUm  Medical  ami  Surgical  Journal. 

This  elaborate  and  useful  volume  should  be 
found  in  every  medical  library,  for  as  a  book  of  re- 
ference, for  physieians,  it  Is  unsurpassed  by  any 
ntherwork  in  existence,  and  the  double  index  for 
diseases  and  for  remedies,  will  be  found  greatly  to 
eahaaee  iU  value.— ;^<I9  York  Med,  Chuutu, 


The  rreat  learning  of  the  author,  and  his  remark- 
able industry  in  pushing  his  researches  into  every 
s<mrce  whence  information  is  derivable,have  enabled 
him  to  throw  together  an  extensive  mass  of  fkets 
and  statements,  aceompanied  by  full  reference  to 
authorities;  whieh  lasl  feature  renders  the  work 
practically  valuable  to  investigators  who  desire  to 
examine  the  original  papers. — As  Amerieem  Joumml 
^fPkmm%acy. 
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FLINT  (AUSTIN),  M.  D., 

Profeasor  of  the  Theory  and  Practice  of  Medieiae  in  the  Uaireraity  of  LonitvUle,  &e. 

(An  Important  New  Work,) 

PHYSICAL  EXPLORATION  AITO  DIAGNOSIS  OP  DISEASES  AFFECT- 
ING THE  RESPIRATORY  ORGANa  lo  one  large  and  handsome  ocUvo  volume,  extra 
doth,  636  pa^s.    $3  00. 

We  can  only  atate  our  general  impreaaion  of  the  I  the  reanlta  of  hia  atndv  and  experience.  Theae  ex- 
high  value  or  thia  work,  and  cordially  recommend  !  peetationawearecnnndent  willnot  be  diaappninted. 
it  to  all .  Wt  regard  it,  in  point  both  of  arrangement  |  For  oor  o«m  part,  we  have  been  favorably  impreaaed 
and  of  the  marked  ability  of  ita  treatment  of  the  aub-  j  by  a  pernaal  of  the  book,  and  heartily  recommend  it 
jeeta,  aa  deatined  to  take  the  firat  rank  in  worka  of ;  to  all  who  are  deairoua  of  acquiring  a  thorough  ac- 
thia  claaa.    So  far  aaoar  information  extenda,  it  haa    ^uaintance  with  the  meana  of  exploring  the  condi- 


at  preaent  no  equal.  To  the  practitioner,  aa  well  aa 
the  atudent,  it  will  be  invaluable  in  clearing  up  the 
dii^oala  of  doubtful  caaea,  and  in  aheddmg  light 
upon  difficult  phenomena.— Biij^afo  Med.  Journal. 

Thia  ia  the  moat  elaborate  work  devoted  exclu- 
aively  to  the  phyaical  exploration  of  diaeaaea  of  the 
Innga,  with  which  we  are  acquainted  In  the  Engliah 
language.  From  the  high  standing  of  the  author  aa 
a  clinical  teacher,  and  hia  known  devotion,  during 
many  yeara,  to  the  atudy  of  thoiacic  diaeaaea,  much 
waa  to  be  expected  from  the  announcement  of  hia 
determination  to  embody  in  the  form  of  a  treatiae, 


tiona  of  the  respiratory  orrana  by  roeana  of  anacnl< 
tation  and  percnaaion.  —  Boston  M»d.  and  Surg. 
Journal. 

A  work  of  original  obaervation  of  thehigheat  merit. 
We  recommend  the  treatise  to  every  one  who  wiahea 
to  become  a  correct  auaoultator.  Baaed  to  a  ver^ 
large  extent  upon  caaea  numerically  examined,  it 
carriea  the  evidence  of  careful  atndv  and  diaeriroina- 
tion  upon  every  paee.  It  doea  credit  to  the  author, 
and,  through  him,  to  the  nrofeasion  in  thia  country. 
It  ia,  what  we  cannot  call  every  book  upon  auacul- 
tation,  a  readable  book. — Am.  Jour.  M$d.  Scitnees. 


.    NOW  COMPLETE. 
QRAHAM  (THOMAS),  F.  R.  S., 

THE  ELEMENTS  OF  INORGANIC  CHEMISTRY,  including  the  Applica- 

tions  of  the  Science  in  the  Arts.  New  and  much  enlarged  edition,  bv  Henrt  Watts  and  Robert 
Bridges,  M.  D.  Complete  in  one  lai^e  and  handsome  octavo  volume,  of  over  800  very  large 
pages  with  two  hundred  and  thirty-two  wood-cuts,  extra  cloth.    S4  00. 

^*^  Part  II.,  completing  the  work  from  p.  431  to  end,  with  Index,  Title  Matter,  &c.,  may  be 
bad  separate,  cloth  backs  and  paper  sides.    Price  $2  50. 

The  long  delay  which  has  intervened  since  the  appearance  of  the  first  portion  of  this  work,  has 
rendered  necessary  an  Appendix,  embodying  the  numerous  and  important  investigations  and  dis- 
coveries of  the  last  few^ears  in  the  subjects  contained  in  Part  I.  This  occupies  a  large  portion 
of  Part  II.,  and  will  be  found  to  present  a  complete  abstract  of  the  most  recent  researches  in  the 
general  principles  of  the  science,  as  well  as  all  details  necessary  to  bring  the  whole  work  thoroughly 
up  to  the  present  time  in  all  departments  of  Inorganic  Chemistry. 

The  great  reputation  which  this  work  has  enjoyed  since  its  first  appearance,  and  its  reco^ized 
position  in  the  front  rank  of  scientific  treatises,  render  eulogy  unnecessary  to  secure  for  it  imme- 
diate attention  on  the  part  of  those  desiring  to  procure  a  complete  exposition  of  chemical  facts  and 
principles,  either  as  an  introduction  to  the  subject  for  the  student,  or  as  a  work  for  daily  reference 
by  the  practical  chemist. 

Gentlemen  desirous  of  completing  their  copies  of  the  work  are  requested  to  apply  for  Part  II. 
without  delay.    It  will  be  sent  by  mail,  prepaid,  on  receipt  of  the  amount,  $2  50. 

topics  there  diacaaned,  that  great  progreaa  has  been 
made  in  the  interval,  both  in  chemieal  phyaica  and 
in  general  inorganic  chemistry.  No  reader  of  Eng- 
liah works  on  thia  science  can  afford  to  be  without 
thia  edition  of  Prof.  OrahamUElementa.— St'/h'ffioii's 


It  ia  a  very  aeeeptable  addition  to  the  library  of 
atandard  hooka  of  every  chemical  student.  Mr. 
Watta,well  known  as  the  translator  of  the  Cavendiah 
Society  edition  of  Omelin's  Chemistry,  haa  made  in 
the  supplement  an  able  r6aum6  of  the  progress  of 
the  science  since  the  publication  of  the  firat  volume. 
It  ia  plain  from  the  number  and  importance  of  the 


Journal^  Mareh,  1868. 


GRIFFITH  (ROBERT  E.),  M.  D.,  &c. 

A  UNIVERSAL  FORMULART,  oontaining  the  methods  of  Preparing  and  Ad- 
ministering Officinal  and  other  Medicines.  The  whole  adapted  to  Physicians  and  Pharmaceti- 
tists.  Srcond  Edition,  thoroughly  revised,  with  numerous  additions,  by  Robset  P.  Thomas, 
M.  D.,  Profe^sor  of  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy.  In  one  lar^  and 
handsome  octavo  volume,  exfra  cloth,  of  650  pages,  double  columns.  (Just  Issued.)  $3  00;  or 
bound  in  sheep,  $3  25. 

It  waa  a  work  requiring  much  peraeveranee,  and  nistering  medieinea  that  ean  be  desired  by  the  phyi i* 

when  published  was  lookM  upon  as  by  far  the  bewt  clan  and  pharmacentiaL —  WnUm  LarutL 

work  of  its  kind  that  had  issued  from  the  American  ^he  amount  of  useful,  everyday  matter,  for  a  prac 

press.    Prof  rhoma*  haa  certainly  »Mmproved."a»  licina  physician,  is  really  immcnae.-Sw<ei»  Med. 

well  as  added  (o  thia  Fonnulary,  and  has  rendered  it  g,^  Surg.  Jottmal 

additionally  deaenrina  of  the  confidence  of  pharraa-  ,..         '     .         ',,...          ,         . 

eeutisui  and  phyaiciani.-ilm.  Journal  qf  Pharmacy.  .  We  predict  a  great  aale  for  thia  work,  and  we  espe- 

^  *^  '                                            .  ■      ^     A  ciallv  recommend  it  to  all  matfiesi  teachera. — Rich' 

We  are  happy  to  announce  a  new  and  improved  „||,^  Stetkooeop* 

edition  of  thia,  one  of  the  most  valuable  and  aaefal  .     '^  '                            ,. .      .. 

worka  that  have  emanated  from  an  American  pen.  ^  ThisediuonofDr.Griffith's  work  haa  been  freaily 

It  would  do  credit  to  any  country,  and  will  be  found  Unproved  by  the  revision  aiid  ample  adilitioiia  of  Dr. 

of  daily  u»efulness  to  practitioners  of  medicine;  it  is  Thomas  and  is  now,  we  believe,  one  of  the  moat 

better  adapted  to  their  pnrposca  than  the  diapenaato-  compleie  works  of  it*  kind  in  any  lanRuage.    The 

ries- Sevtikem  Med.  and  Surg.  Journal.  additions  amount  to  about  seventy  pa^ea,  and  no 

.  ,  "    .                .              .,  effort  ha»  been  spared  to  include  in  them  all  the  re- 

It  la  one  ofthe  moat  aaeAil  books  a  eonntry  praoU-  ^.^^i  improvements  whieh  have  been  pablished  in 

tloner  can  possibly  have  m  his  poaaesaion.— JfeAc«i  medical  joumala,  and  aystematie  treaUaes.    A  work 

CkronuU.  of  this  kind  appears  to  aa  indiapenfabie  to  the  phyai- 

This  ia  a  work  of  aix  hundred  and  fifty-one  pairea. .  cian,  and  there  is  none  we  can  more  cordially  reeon- 
embracing  all  on  the  aabjeet  of  preparing  and  admi- 1  mend.— A^.  Y.  Journal  of  Mediemo. 

BT  THX  SAM!  AUTHOE. 

MEDICAL  BOTANY:  or,  a  DeeoriptioD  of  all  the  more  important  Plants  nsed 

in  Medicine,  and  of  their  jPropertiea,  Uses,  and  Modes  of  Administration.    Ia  qkm  lasf^  qajlvi^ 
rtAume,  extrm  cloth,  of  704  pages,  h«|idtomely  piiiaed,ir\VdttOixV|  ^Sf^^^'oiXr^acucBakq^^^an^^  V^^^. 
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HOBLYN  (RICHARD  D.),  M.  D. 

A  DICTIONARY  OF  THE  TERMS  USED  IN  MEDICINE  AND  THE 

COLLATERAL  SCIENCES.  By  Kiohard  D.  Hobltn,  A.  M.,  &c.  A  new  American  edi- 
tion. Revit*ed,  with  numerous  Additions,  by  Isaac  Hats,  M.  D.,  editor  of  the  *<  American 
Jonmal  of  the  Medical  Sciences.*'  In  one  lance  royal  12mo.  volume,  leattier,  of  over  500  doid>le 
columned  pages.    {Just  Issuedy  1856.)    $1  50. 

If  the  frequeney  with  which  we  have  referred  to    nor  desire  to  procure  a  larger  work. — AmtrU^m 
this  Toliime  fcinee  itc  reeeDtion  from  the  pnbliiher,    Lane%t. 

THZZ^JH!!^  ^Y"!S!.i?*°»    u  "*T  «^»'«"<»"  (?'  **»•       Hoblyn  hat  always  been  a  favorite  dietiooary,  and 

IiJ?J!l*  iJ  JT*^.?^"  "^  ^Va  ^?^.  '"»«S«>» «!«»»    in  its  pfcsent  enlarged  and  improved  form  will  give 

S^fk'J^iJJrii-  ""^-    ?^*!i?**  ?*t:^'-"V?  **'^    greater  satisfaction  than  ever.  The  American  editor, 

S2?  ^iS^^iT!"^  W?',?*?**'*  ^'yj**".?"/^!  "**    !>'.  Hays,  has  made  many  very  valuable  additions! 
tedostr  ons  labors.  T-he  Dictionary  has  thus  become    _jf^  j.  'yi^^^  ReporUr. 

•niaently  suited  to  our  medical  brethren  m  this       _  i    ...  .    i.  *l         j,     i       ^       _i_4 

country.    The  additions  by  Dr.  Hays  are  in  bmckets,  ^  To  supply  the  want  of  the  medleal  reader  arising 

and  we  believe  there  is  not  a  single  page  but  bears  f'®*"  *»»»•  «*"■?»  ^«  kaow  of  no  dictionary  better 

Cbeae  iasignU  j  in  every  instance^hichWe  have  thus  *"a°§«»  ^^"^  adapted  than  the  one  bearing  the  abova 

far  noticed,  the  addiuons  are  really  needed  and  ex-  ""•v  **  >•  n«^  encumbered  with  the  obsolete  terms 

aaedin^Iy  valuable.    We  heartily  commend  the  work  ^^  *  »>y«one  age,  but  it  conlams  all  that  are  now  m 

to  all  who  wish  to  be  au  eourmnt  in  medical  termi-  »■• »  embracing  every  department  of  medical  scioica 

nology. -Bo*i«»  M$d.  mmd  Surg.  Journal.  <*o^  ^?  tbe  very  latest  dal».    The  volume  is  of  a 

convenient  siae  to  be  used  by  the  medical  student. 
To  both  practitioner  and  student^  we  recommend  and  yet  large  enough  to  make  a  respectable  appear- 
this  dictionary  as  beiiur  convenient  m  size,  accurate  ance  in  the  library  of  a  physician. — WesUm  Latuit. 
in  definition,  and  suMci^tly  full  and  complete  for  Hoblyn's  Dictionary  has  long  been  afavprite  with 
or^nary  eonsultation.-CAaWctioa Mtd.  Joum.  and  „,.  i^'i,  tj,<,  best  book  of  definiUons  we  have,  and 
Aivuw.  ought  always  to  be  upon  the  student^s  table- 
Admirably  calculated  to  meet  the  wants  of  the  Soutkim  Med.  ami  Surg.  Journal, 
practitioner  or  student,  who  has  neither  the  means 


HOLLAND  (SIR   HENRY),   BART.,   M.  D.,  F.  R.  8., 

Physician  in  Ordinary  to  the  Queen  of  England,  &c. 

MEDICAL  NOTES  AND  REFLECTIONS.    From  the  third  London  edition. 

In  one  handsome  octavo  volume,  extra  cloth.    (Now  Ready.)    $3  00. 

At  the  work  of  a  thought  Ail  and  observant  phvsician,  embodying  the  results  of  forty  }'ears'  ac- 
tive professional  experience,  on  topics  of  the  highest  interest,  this  volume  is  commended  to  the 
American  practitioner  as  well  worthy  his  attention.  Few  will  rii^  from  its  perusal  without  feel- 
ing their  convictions  strengthened,  and  armed  with  new  weapons  for  the  daily  struggle  with 
disease. 


HABERSHON  (S.  O.),  M.  D., 

Assistant  Physician  to  and  Lecturer  on  Materia  Medica  and  Therapeutics  at  Guy*s  Hoq)ital,  Ae. 

PATHOLOGICAL  AND  PRACTICAL  OBSERVATIONS  ON  DIRE\8ES 

OF  THE  ALIMENTARY  CANAL,  OSOPHAGUS,  STOMACH,  CAECUM,  AND  INTES- 
TINES.  With  illustrations  on  wixhI.  In  one  handsome  octavo  volume.  {Ropublishing  in  tka 
MedietU  News  and  Library  for  1858.) 


HORNER  (WILLIAM  E.),  M.  D., 

Professor  of  Anatomy  in  the  University  of  Pennsylvania. 

SPECIAL  ANATO]MY   AND    HISTOLOGY.    Eighth  edition.    Extensively 

revised  and  modified.     In  two  large  octavo  volumes,  extra  cloth,  of  more  than  one  thousand 
pages,  handsomely  printed,  with  over  tiiree  hundred  illustrations.    96  00. 


HAMILTON  (FRANK  H.),  M.  D., 
Proresaor  of  Surgery,  in  Buffalo  Medical  College,  &e. 

A  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.    In  one  handsome 

o<\tavo  volume,  with  nimierous  illustrations.    {Preparing.) 


JONES  (T.  WHARTON),  F.  R.  8., 

Professor  of  Ophthalmic  Medicine  and  Surgery  in  University  College,  London,  &c. 

THE  PRINCIPLES  AND  PRACTICE  OP  OPHTHALMIC    MEDICINE 

AND  SURGERY.  With  one  hundred  and  ten  illustrations.  Second  American  from  the  second 
and  revised  London  edition,  with  additions  by  Edwa&d  Hartsuornk,  M.  D.,  Surgeon  to  Wills' 
*' ral  r~  ■  ■  


Hospital,  &c.    In  one  large,  handsome  royal  12mo.  volume,  extra  cloth,  of  500  pages.    $1  50. 

We  are  confident  that  the  reader  will  find,  on 
pernsal,  that  the  execution  of  the  work  amply  fulfils 


the  promise  of  the  preface,  and  sustains,  in  every 
point,  the  already  hrgh  reputation  of  the  aatbnr  as 
■a  ophthalmic  suiveon  as  well  as  a  physiolof  ist 
and  pathologist.  The  bo<ik  is  evidently  the  resalt 
of  much  labor  and  reasareh,  and  has  been  written 
with  the  greatest  care  and  attention;  it  possesses 
that  best  quality  which  a  general  work,  like  a  srs* 
ten  or  manual  ean  show,  rix :  the  qnslity  of  having 
■U  tha  materials  wheBceaoever  derired,  so  thMongh- 


ly  wrought  up,  and  digested  m  the  author's  mind, 
as  to  come  forth  with  the  freshness  and  impressiva- 
cess  of  an  original  production.  We  entertain  little 
doubt  that  this  book  will  become  what  Its  author 
hoped  it  might  become,  a  manaal  for  daily  referenea 
and  consultation  by  the  student  and  the  general  pra^ 
titioner.  The  work  Is  marked  by  that  eorreetaess, 
clearness,  and  precision  of  style  whieh  distii^piiah 
all  the  productions  of  the  learned  woLthot. ^British 
'  For.  itjid.  Eeview, 
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LEHMANN  (C.  Q.) 
PHTSIOLOOIOAL   CHEMISTRY.     Translated  from  the  seoond  edition  by 

GmoROE  E.  Dat,  M.  D.,  F.  R.  S.,  &c.,  edited  by  R.  E.  Rogers,  M.  D.,  Profe»t^>r  of  ChemiAtry 
is  the  Medical  Department  of  the  (Jnivereity  of  Pemutylvania,  with  illustrations  selected  from 
Vimke's  Atlas  of  Physiological  Chemistrv,  and  an  Appendix  of  plates.  Complete  in  two  large 
and  handsome  octavo  volumes,  extra  cloth,  containing  1200  pages,  with  nearly  two  hundred  illus- 
tratiaos.    (Just  Issued,)    $6  00. 

This  great  work,  universally  acknowledged  as  the  most  complete  and  authoritative  exposition  of 
the  principles  and  details  of  Zoochemistry,  in  its  passa^  through  the  press,  has  received  from 
Professor  Rutgers  such  care  as  was  necessary  to  present  it  in  a  correct  and  reliable  form.  To  such 
a  work  additions  were  deemed  superfluous,  but  several  years  having  elapsed  between  the  appear- 
aaoa  in  Germany  of  the  first  and  last  volume,  the  latter  contained  a  supplement,  embodying  nume- 
tons  oorrections  and  additions  resulting  from  the  advance  of  the  science.  These  have  all  oeen  incor- 
porated in  the  text  in  their  appropriate  places,  while  the  subjects  have  been  still  furtner  elucidated  by 
tbekisertion  of  illustrations  from  the  Atlas  of  Dr.  Otto  Fun  ke.  With  the  view  of  supplying  the  student 
Willi  the  means  of  convenient  comparison,  a  large  number  of  wood-cuts,  from  works  on  kindred 
■obieets,  have  also  been  added  in  the  form  of  an  Appendix  of  Plates.  The  work  is,  therefore,  pre- 
MBted  as  in  every  way  worthy  the  attention  of  all  who  desire  to  be  familiar  with  the  modem  facts 
■ad  doctrines  of  Physiological  Science. 


it  Xr^i:^Edimhutgk  Mcmtkly  Journal  ^f  Usdieai 
Scienu. 

Already  well  known  and  appreciated  by  the  seiea- 
tifio  world,  Profetsor  Lebnumii'i  great  work  re- 
qairet  no  laudatory  senteneea,  as.  under  a  new  garb, 
it  is  now  preaeated  to  aa.  The  little  apace  at  our 
command  woald  ill  aoffiee  to  aet  forth  even  a  amall 
portion  of  ita  exeeUeneea«^Bo«t4N»  Mtd.  and  Surg, 
Journal^  Dee.  1666. 


The  most  important  eontribntion  aa  yet  made  to 
Physiulogieal  Chemiatry. — Am.  Journal  Mtd.  Scu 
sacM,  Jan.  1856. 

The  preaent  volamea  belong  to  the  amall  claaa  of 
BMdfeal  literature  which  eompriaea  elaborate  worka 
of  the  higheat  order  of  merit.— Jf4M»lr«al  Mtd.  Ckrom- 
UiSy  Jan.  1859. 

The  work  of  Lehmann  atanda  unrivalled  aa  the 
BKMt  eomprehenaive  book  of  reference  and  informs- 
tiOB  extant  on  every  branch  of  the  anbject  on  which 

BT  THX  SAME  A17THOR.      {Just  IsSUsd,  1856.) 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.      Translated  from  the  Gennan, 

with  Notes  and  Additions,  by  J.  Chxston  Morris,  M.  D.,  with  an  Introductory  Essay  on  Vital 
Force,  by  Samukl  Jacksoi«,M.  D.,  Professor  of  the  Institutes  of  Medicine  in  the  University  of 
Pennsylvania.  With  illustrations  on  wood.  In  one  very  handsome  octavo  volume,  extra  olot^, 
of  336  pages.    $2  25. 

From  Prof,  JadksorCs  Introductory  Essay, 

In  adoptinff  the  handbook  of  Dr.  Lehmann  as  a  manual  of  Organic  Chemistry  for  the  use  of  the 
fttndents  of  the  University,  and  in  recommending  his  original  work  of  Physiolooical  Chemistry 
for  their  more  mature  studies,  the  high  value  of  his  researches,  and  the  great  weigbt  of  his  autho- 
rity in  that  important  department  of  medical  science  are  fully  recognized. 


The  preaent  volume  will  be  a  very  convenient  one 
€ot  atndenta,  aa  offering  a  brief  epitome  of  the  more 
elaborate  work,  and  aa  containing,  in  a  very  con- 


denaed  form,  the  poaitive  facta  of  Phyaiologieal 
Chemiatry  .'^m.  Journal  Mtd.  ScUncttj  Apnl,l86t. 


LAWRENCE  (W.),  F.  R.  8.,  &c. 

A  TREATISE   ON   DISEASES   OF   THE   EYE.    A   new  edition,  edited, 

with  numerous  additions,  and  243  illustrations,  by  Isaac  Hats,  M.  D.,  Surgeon  to  Will's  Hospi- 
tal, &c.  In  one  very  large  and  handsome  octavo  volume,  of  950  pages,  strongly  bound  in  leather 
with  raised  bands.    $5  00. 


This  admirable  treatiae~the  aafeat  fuide  and  moat ;  octavo  pagea—haa  enabled  both  author  and  editor  to 
prehenaive  work  of  reference,  wnich  ia  within  j  do  Juatiee  to  all  the  detaila  of  thia  aubject,  and  eo«- 
tke  reach  of  the  profeaaion. — Ststkoteopo.  denae  in  thia  aingle  volume  the  preaent  atate  of  oar 

knowledge  of  the  whole  acience  in  thia  department, 

Thia  atandard  text-book  on  the  department  of  whereby  ita  practical  value  cannot  be  excelled.  Wa 
which  it  treata,  haa  not  been  auperaeded.  by  any  or  :  heartily  c<»nmend  it,  eapecially  aa  a  book  of  refer- 
all  of  the  numeroua  publicationa  on  tne  aubject '  enee,  indiapenaable  in  every  medical  library.  The 
heretofore  iaaned.  Nor  with  the  multiplied  improve- '  additiona  of  the  American  editor  very  rreatly  en- 
■Mate  of  Dr.  Haya,  the  American  editor,  ia  ft  at  all  j  hance  the  value  of  the  work,  exhibiting  the  learning 
likely  that  thia  great  work  will  eeaae  to  merit  the  !  and  experience  of  Dr.  Haya,  in  the  light  in  which  he 
eoafidence  and  preference  of  atudenta  or  practition- '  ought  to  be  held,  aa  a  atandard  authority  on  all  aub- 
ers.    Ita  ample  extent— nearly  one  thouaand  large,  jeeta  appertaining  to  thia  apecialty.—i^r.r.JfMl.Gaa. 


LARDNER  (DIONY8IU8),  D.  C.  L.,  &c. 

HANDBOOKS    OF    NATURAL    PHILOSOPHY    AND    ASTRONOMY. 

Kevised,  with  numerous  Additions,  by  the  American  editor.  First  Course,  containing  Mecha- 
nics, Hydrostatics,  Hydraulics,  Pneumatics,  Sound,  and  Optics.  In  one  laree  royal  12mo. 
▼oluroe,  of  790  psges,  with  424  wood-cuts.  $1  75.  Seoond  Course,  containing  Heat,  EHectricity, 
BCajnietism,  and  Galvanism,  one  volume,  large  royal  12mo.,  of  450  pages,  with  250  illustrations. 
$1  25.  Third  Course  (now  rso^y),  containing  Meteorology  and  Astronomv,  in  one  large  volume, 
royal  12mo.  of  nearly  800  pages,  with  37  plates  and  200  wood-cuu.    f2  00. 


LAYCOCK  (THOMAS),  M.  D.,  F.  R.  8.  E., 

Professor  of  Practical  and  Clinical  Medicine  ia  the  Univeraity  of  Edinburgh,  fte. 

LECTURES   ON  THE   PRINCIPLES   AND  METHODS   OP   MEDICAL 

OBSERVATION  AND  RESEARCH.    For  the  Use  of  Advanced  Students  and  Junior  Pranv 
titiooers.  In  one  very  neat  royal  12mo.  yduaie,  eztrm  doth.  Pns«  V  ^<  Visual  Bv3AMKad^^SB^^ 
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MEIQ8  (CHARLES  D.).  M.  D., 
ProfcMor  of  Obitetriea,  &e.  in  the  JeflerKm  Medical  CoUef  e,  Philadelphia. 

OBSTETRICS :  THE  SCIENCE  AND  THE  AET.    Third  edidoo,  revised 

and  improved.  With  one  hundred  and  twenty-nine  illustrations.  In  one  beautifully  printed  octavo 
Tolume,  leather,  of  seven  hundred  and  fiity-two  large  pages.    $3  75. 

The  rapid  demanc^  for  another  edition  of  this  work  is  a  sufficient  expression  of  the  favorable 
Terdict  oi  the  profension.  In  thus  preparing  it  a  third  time  for  the  press,  toe  author  has  endeavored 
to  render  it  in  every  respect  worthy  of  the  favor  which  it  has  received.  To  accomplish  this  he 
has  thoroughly  revised  it  in  every  part.  Some  portions  have  been  rewritten,  others  added,  new 
illustrations  have  been  in  many  instances  sub^tiluled  for  puch  as  were  not  deemed  sat isfactorVt 
while,  by  an  alteration  in  the  typographical  arrangement,  the  size  of  the  work  has  not  been  increased, 
and  the  price  remains  unaltered.  In  its  present  improved  form,  it  is,  therefore,  hoped  that  the  work 
will  continue  to  meet  the  wants  of  the  American  profession  as  a  sound,  practical,  and  extended 
Ststkm  of  Midwifery. 


Thoagh  the  work  has  received  only  five  pages  of 
CBlargement,  its  ehaptert  throughout  wear  the  im- 
preH  i>f  careful  revision.  Expunging  and  rewriting, 
remodelling  its  sentences,  with  occnsional  new  rau- 
tarlal,  all  evince  a  lively  desire  that  it  shall  deserve 
to  be  regardrd  as  improved  in  manner  as  well  as 
wuitter.  In  the  mattery  every  stroke  of  the  pen  has 
increased  the  value  of  the  biK>k,  both  in  expungings 
and  additions  — WesUm  Lancety  Jan.  1857. 


The  best  American  work  on  Midwifery  that  is 
accessible  to  the  student  and  practitioner — N.  W. 
Med.  and  Surg.  Journal^  Jan.  1657. 

j  This  is  a  standard  work  by  a  sreat  American  Ob- 
I  stetrfcinn.  It  is  the  third  and  last  edition,  and,  in 
I  the  lariruoge  of  the  preface,  the  author  has  ^'bronght 
;  the  subject  up  to  the  latest  dates  of  real  improve* 
'  ment  in  our  art  and  Science.'' — NashvUU  Joum.  of 
I  Med.  and  Surg.y  May,  lb57. 


BT  THE  8AMK  AUTHOR.      {TjUteiy  I»SWid.) 

WOMAN :  HEB  DISEASES  AND  THEIR  REMEDIES.    A  Series  of  Leo- 

tares  to  his  Class.    Third  and  Improved  edition.    In  one  large  and  beautifully  printed  octavo 
Toiume,  leather.        pp.  672.    S3  60. 

The  gratifyin^i^  appreciation  of  his  labors,  as  evinced  by  the  exhaustion  of  two  large  impressions 
cf  this  work  within  a  few  years,  has  not  been  lost  upon  the  author,  who  has  endeavored  in  every 
way  to  render  it  worthy  of  the  favor  with  which  it  has  been  received.  The  opportunity  thus 
■flbrded  for  a  second  revision  has  been  improved,  and  the  work  is  now  presented  as  in  every  way 
auperior  to  its  predecessors,  additions  and  alterations  having  been  made  whenever  the  advance  of 
acience  has  rendered  them  desirable.  The  typographical  execution  of  the  work  will  also  be  found 
to  have  underarone  a  similar  improvement,  and  the  work  is  now  confidently  presented  as  in  every 
way  worthy  the  position  it  has  acquired  as  the  standard  American  text-book  on  the  Diseases  of 
Females. 


It  contains  a  vast  amount  of  praetieal  knowledge. 
by  one  who -has  accurately  observed  and  retainea 
the  experience  of  many  years,  and  who  tells  the  re- 
■olt  in  a  free,  familiar,  and  pleasant  manner. — Dtih^ 
iim  QuarUrly  Journal. 

There  is  an  oflT-hand  fervor,  a  flow,  and  a  warm- 
heartedness infecting  the  efr)rt  of  Dr.  Meigs,  whinh 
la  entirely  captivating,  and  which  absolutely  hnr- 
riea  the  reader  throngn  from  beginning  to  end.  Be- 
sides, the  book  teems  with  solid  instruction,  and 
it  shows  the  very  highest  evidence  of  ability,  viz., 
the  eleamess  with  which  the  information  is  pre- 
•imted.  We  know  of  no  better  test  of  one's  ander- 
■tandinr  a  subject  than  the  evidence  of  the  power 
of  lucidly  explaining  it.  The  most  elementary,  as 
well  as  the  obscarest  subjects,  under  the  pencil  of 
Prof.  Meigs,  are  isolated  and  made  to  stand  oat  in 

BT  THE  8ABCB  AUTHOR.    {Lately  PiMuJUd.) 

ON    THE    NATURE,    SIGNS,    AND    TREATMENT    OP    CHILDBED 

FEVER.    In  a  Series  of  Letters  addressed  to  the  Students  of  his  Class.    In  one  handsome 
octavo  volume,  extra  cloth,  ol  365  pages.    $2  50. 

This  book  will  add  more  to  his  fame  than  either 
of 'those  which  bear  his  name.  Indeed  we  doubt 
whether  any  material  improreinent  will  be  made  on 
the  teachings  of  this  volume  for  a  eentury  to  come, 
since  it  is  so  eminently  practical,  and  based  on  pro- 
found knowledge  uf  the  sciene*  and  consummate 


I  such  bold  relief,  as  to  produce  distinct  impresdoBS 
{upon  the  mind  and  memory  of  the  reader.  — Tis 
Charleston  Med.  Journal. 

Professor  Meigs  has  enlarged  and  amended  this 
great  work,  for  such  it  unquestionably  is,  having 
passed  the  ordeal  of  criticism  at  home  and  abroad, 
but  been  improved  thereby ;  for  in  this  new  edition 
the  author  has  introduced  real  improvements,  and 
increased  the  value  and  utility  of  the  book  im- 
measurably.   It  presents  so  many  novel,  bright, 
and  sparkling  thoughts;  such  an  exuberance  of  new 
!  ideas  on  almost  every  page,  that  we  confess  our- 
j  selves  to  have  become  enamored  with    the  book 
j  and  its  author;  and  cannot  withhold  onr  congratu- 
lations from  onr  Philadelphia  confreres,  that  inch  a 
teacher  is  in  their  service. — N.  Y.  Med.  Qeucetu. 


Tlie  instructive  and  interestinr  author  of  this 
irork,  whose  previous  labors  in  the  department  of 
medicine  which  he  so  sedulously  cultivates,  have 
plaaed  his  countrymen  under  deep  and  abiding  obli- 

f:ations,  again  ehallenges  their  admiration  in  the 
resh  and  vigorous,  attractive  and  racy  pages  before 
as.  It  is  a  delectable  book.  •  •  •  This  treatise 
upon  child-l>ed  fevers  will  have  an  extensive  sale, 
beiag  destined,  as  it  deserves,  to  find  a  place  in  the 
library  of  every  practitioner  who  scorns  to  lag  in  the 
rear. — NahkvilU  Journal  of  Mediiimt  and  Surgery. 


skill  in  the  art  of  healing,  and  ratified  by  an  ample 
and  extensive  experience,  such  as  few  men  have  the 
industry  or  good  fortune  to  acquire. — If.  Y,  Med. 
Oasett: 


BT  THK  SAME  AUTHOR  ;   WITH  €K)L0RED  PLATES. 

A  TREATISE  ON  ACUTE  AND  CHRONIC  DISEASES  OF  THE  NECK 

OF  THE  UTERUS.    With  numerous  plates,  drawn  and  colored  fW>m  nature  in  the  highest 
style  of  art.    In  one  handsome  octavo  voltune,  extra  cloth.    S4  50. 

MAVNR'S  D18PEN8ATORV  AND  THERA- 
PEUTICAL REMEMBRANCER.  Comprising 
the  entire  lists  of  Materia  Mediea,  with  every 
Practical  Formula  contained  in  the  three  British 
Pharmacopeias.  Edited,  with  the  addition  o(  the 
Formulae  of  the  U.  S.  Pharmacopoeia,  by  R.  E. 
OaiFriTHyM.D.  112mo.voI. ex.cl.,300pp.  76 e. 


MALGAIGNE'S  OPERATIVE  SURGERY, —w 
on  Normal  and  Pathological  Anatomy.  Trans- 
lated from  the  French  by  FaxDxaicx  BaiTTAH, 
A .  B.,  M .  D.  Wi  th  numerous  illustrations  on  wood. 
In  one  handsome  octavo  volume,  extra  eloth>  oi 
nearly  six  hundred  pages.    SS  85. 


._j2  BLANCHARD   ft  LEA'E 

MACLI8E   (JOSEPH),    1 

SURGICAL  ANATOMY.  Forming  one  toI 
With  iiixly-eiahl  laite  •i"'  Hflenilid  Piste*,  drawn  in  Ih 
tainlni  one  hundnd  end  uineiy  t'li^ure",  many  or  then 
Bnd  eiulantlory  letter-press.  SlrciriRlv  and  haadwmel 
cheapest  and  best  eieeuled  Surginal  works  as  i-et  ihiim 
•  *  The  »iie  nDhi*  work  pKvtntn  it<  Irani'inis^'ion  ttai 

who  de-ini  1"  have  mpies  forwarded  by  mail,  eaa  rec« 

wrappers.    Prkw  89  00. 
One  of  the  rrmlrtt  arlrille  Iriuraphi  of  the  mgt    of  keep 

is  Surrcicsl  JUmlMay^BTitlik  Amtneaii  Utiieal    Timit. 

JcurmU.  I     The 

Ton  nuFh  esBBot  bs  nid  in  iti  pmiiei  indeed, ,  TVoihif 

we  have  iHil  lansHcg  Iixiult  iuatise.— Oiia  AlWi-        . 

The  moit  ndmirahle  ■uninl  ■l[iu  we  have  leen.    ja„„ 


mpimiipn. — JV.  J.  Al"li 
The  raoK  aeeurnirli 
ilnml  plntei  WF  I 


and  henulifnllr    ' 


ever  putiliilied.— £i(fala  Slrdtcal  Joonui. 

II  ii  very  rare  tlial  •n  elefaBtly  priDird, 
llluilraled,  and  oo  naefnl  a  work,  ii  offel 
noderale  •  piiee. — CkarUum  Muficol  Jam 

III  ntniee  caa  bnut  a  nperlarltr  whleh  plaeee  ^'^^ 
theiaaliniiitheyiwdthereaehureuinpetilioB.— ^-'■- ' 

Every  nraetltioBer,  we  thtnk,  ihoBld  have  a  work  iuhjeel 
of  Ihie  kind  within  imfh^Sauikin  Midiiml  mmd  Smrgii 
Airfjcal  J»rMl.  , 

Nil  lueh  liiliif-raphifl  lltndnitinni  of  mrKleal  re- '  )„„,-  , 

S'  -Hii  hiire  hithrrtii.  we  tliiflk,  been  gives.— £mim  ,  fc-,i , 
■did  ..d  Su,ti„t  JenrHnI.  :  KS^  ■ 


valleii, 


.—Briliak  ami  fVnifs  UiduQ-CU- 


enmnd  In  di 


rrrjil'il 


MUIXER'S  PRINCIPLES  OF  PHYSIOS  .1 

with  <\rldlliiin».l>y  R.  Egi.espeU) Gripfitii, M.  U.  Ti 
eitra  dull),  with  QTiO  woud-L'uts,  and  two  culored  plain 

MOHR  (FRANCISl,  PH.  D.,  AND  RE 
PRACTICAL   PHARMACY.     Comprising  t 

Mniii|in[ii1lon><>r  the  PhBrniari>iiIi<.al  Shop  and  Lobui 
bv  I'n.i.  Wrr.r.iAii  Peoctkk,  oI  the  Phiiudelphia  U<' 
pfinn.|l.ii.-lav,.v.,liime,i;xirni.l.iih,ol  .'i70  pap;«,  will 

MACKENZIE  (W.) 

A  TIIArTTCAL   TREATISE  OX   DISKAS 

KVIv     Ti>  u-hic'h  is  |.ri;lii<-'j  an  Analoiniral  ItilnKliirl 
ihu  lliiniuti  Kvelwll.  by  TiLuMj 
i.,.~...i  I  „M.i..n' !.-.>:< I. _      uvii.  : 


plal--s 


S.-1  a. 

idiipniaMr  hidila 


any  ,Hl,.l^ii-..rk <if  Ihekinit, either Eniibahiirrii'reifD.    w" rb  ii 
—hirtrntin  IU>injrtgfll,eEg«.  Ihi- eye 


hiibjn-l,prn<'tie:il1rniw(.IlHKlhi'.imini[lv,aBdirie  Kj-^'  H 

al>le.nniiii;.rinwhtelitheaaih<ir'a.lor<...>hr«ralnf!  JJ^^"] 

aar,  a)  iq,,.,-  iiniciirnl  fur  the  Gratrdlriiui.ni  writ  iib  Thin 

the  Gaintiiipni  aa  in  iJija  cuBBIrr,  that  hich  puilljHB  (craliat 

hna  num.  Iiini\y  vi>V.iUiriitftsVa  >^ie'it  Vne  u.u<n-  ta*iM« 
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MILLER  (JAMES),  F.  R.  8.  E., 
Profenor  of  Surgery  in  the  UniTeruty  of  Edinbargh,  fto. 

PRINCIPLES  OF  SUEOERT.    Fourth  American,  from  the  third  and  revised 

Edinburgh  edition.    In  one  large  and  very  beautiful  volume,  leather,  of  700  pages,  with  two 
hundred  and  forty  exquisite  illustrations  on  wood.    {Jitst  Issued,  1856.)       $3  75. 

The  extended  refutation  enjoyed  by  this  work  will  be  fully  maintained  by  the  present  edition. 
Thoroughly  revised  by  the  author,  it  will  be  found  a  clear  ana  compendious  exposition  of  surgical 
•cienoe  m  its  most  advanced  ccxidition. 

In  connection  with  the  recently  issued  third  edition  of  the  author's  <*  Practice  of  Surgery,"  it 
forms  a  very  complete  system  of  burgery  in  all  its  branches. 


The  work  of  Mr.  Miller  is  too  well  and  too  favor- 
ably known  among  as,  as  one  of  oar  beat  text-books, 
to  reader  any  further  notice  of  it  neeessary  than  the 
•■BOiuieement  of  a  new  edition,  the  fourth  in  our 
eoantry,  a  proof  of  its  extensive  circulation  amonjg 
as.  As  a  concise  and  reliable  exposition  of  the  sei- 
ODCe  of  modem  surgery,  it  stands  deservedly  high— 
we  know  not  its  superior. — Bostom  Mtd.  atut  Surg. 
Journal. 

It  presents  the  most  satisfactory  exposition  of  the 
jBodem  doctrines  of  the  principles  or  snnrery  to  be 
foaad  in  any  volume  in  any  language.—/^,  r .  JoumtU 
^f  Mtdicin*. 

The  work  takes  rank  with  Watson*s  Practice  of 
Physic;  it  certainly  does  not  fall  behind  that  great 
work  in  soundness  of  principle  or  depth  of  reason- 
iag  and  research.    No  physician  who  values  his  re- 

BT  H»  8AMB  AUTHOR.     {NoVf  Rsodf,) 

THE  PRACTICE  OF  SURGERY.  Fourth  American  from  the  last  Edin- 
burgh edition.  Revised  by  the  American  editor.  Illustrated  by  three  hundred  and  sixty-four 
engravings  on  wood.    In  one  large  octavo  volume,  leather,  of  nearly  700  pages.    S3  75. 

No  encomium  of  ours  could  add  to  the  popularity 
at  Miller's  Surgery.  Its  reputation  in  this  country 
is  unsurpassed  by  that  of  any  other  work,  and,  when 
taken  in  connection  with  the  author's  PrineipUs  of 


putation,  or  seeks  the  interests  of  his  clients,  can 
acquit  himself  before  bis  God  and  the  world  without 
maVing  himself  familiar  with  the  sound  and  philo- 
sophical views  developed  in  the  foregoing  book.^ — 
Neuf  Orleans  Mtd.  and  Surg.  Journal, 

Without  doubt  the  ablest  exposition  of  the  prin- 
ciples of  that  branch  of  the  healing  art  in  any  lan- 
guage. This  opinion,  deliberately  formed  after  a 
careful  study  or  the  first  edition,  we  have  had  no 
cause  to  change  on  examining  the  second.  This 
edition  has  undergone  thorough  revision  by  the  au- 
thor ;  many  expressions  have  been  miKlifiM,  and  a 
mass  of  new  matter  introduced .  The  book  is  got  up 
in  the  finest  style,  and  is  an  evidence  of  the  progress 
of  typography  in  our  country.— CiarJttle*  MmUoI 
Journal  and  tUvuw. 


Bnrgery,  constitutes  a  whole,  without  reference  to 
'iriiich  no  conscientious  snrreoa  would  be  willing 
to  practice  his  art.  The  adciitions,  by  Dr.  Sargent, 
kmve  materially  enhanced  the  value  of  the  work. — 
Scutktm  Medical  and  Surgical  Journal. 

It  is  seldom  that  two  volumes  have  ever  made  so 
profound  an  impression  in  so  short  a  time  as  the 

J«  Principles"  and  the  "  Practice"  of  Surgery  by  condensing  so  much  in  small  space,  and  at  the  s^me 
Mr.  Miller— or  ■© Jichly  merited  the  reputation  thej  i  ti^e  so  p?rsi«tently  holding  the  attention:  indeed, 
Mave  acquired.    The  author  is  an  eminently  sensi-  i  he  appears  to  make  the  very  process  of  condensadoa 

■     I.    Whether  as  a 
of  reference  for 


his  works,  both  on  the  principles  and  practice  of 
surgery  have  been  assigned  the  nighest  rank.  If  we 
were  limited  to  but  one  work  on  surgery,  that  one 
should  be  Miller's,  as  we  regard  it  as  superior  to  all 
others. — St.  Louis  Med.  and  Surg.  Journal. 


The  author,  distinguished  alike  as  a  practitioner 
and  writer,  has  in  this  and  his  "  Principles."  pre- 
sented to  the  profession  one  of  the  most  complete  and 
reliable  syitems  of  Surgery  extant.  Ilis  style  of 
writing  is  original,  impressive,  and  engaging,  ener- 
getic, concise,  and  Inoid.    Few  have  the  faculty  of 


•.irc  .,.«|u..«^.  iiuc  «"V'^'  •■  "•  cmincnujr  .wi.i.  .  hc  appears  to  make  the  very  process 
ble,  practical,  and  well-informed  man,  who  knows  ;  »  meanV  of  eliminating  attractions. 
eSMctly  what  he  is  talking  about  and  exacUy  how  to    text-book  for  students  or  a  book  < 


talk  it.— JC«»Cifclry  Medical  Recorder. 
By  the  almost  n&animoas  voice  of  the  profession, 


practitioners,  it  cannot  be  too  strongly  recommend- 
ed.—50«lA«m  Journal  ^ Med.andPhys.  Sdsmcos. 


MONTGOMERY  (W.  F.),  M.  D.,  M.  R.  I.  A.,  &c., 

Professor  of  Midwifery  in  the  King  and  Queen's  College  of  Physicians  in  Ireland,  fte. 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OP  PREGNANCY. 

With  some  other  Papers  on  Subjects  connected  with  Midwifery.  From  the  second  and  enlarged 
Englifih  edition.  With  two  exquisite  colored  plates,  and  numerous  wood-cuts.  In  one  very 
handsome  octavo  volume,  extra  cloth,  of  nearly  600  pages.    {Just  Issued,  1857.)    $3  75. 

The  present  edition  of  this  classical  volume  is  fairly  entitled  to  be  regarded  as  anew  work,  every 
sentence  having  been  carefully  rewritten,  and  the  whole  increased  to  more  than  double  the  original 
•ixe.  The  title  of  the  work  scarcely  does  justice  to  the  extent  and  importance  of  the  topics 
brought  under  consideration,  embracing,  with  the  exception  of  the  operative  procedures  of  mid- 
wifery, almost  everything  connected  with  obstetries,  either  directly  or  incidentally;  and  there  are 
few  physicians  who  will  not  find  in  its  pages  much  that  will  prove  of  great  interest  and  value  in 
their  daily  practice.  The  special  Essays  on  the  Period  of  Human  Gestation,  the  Signs  of  Delivery, 
■nd  the  Spontaneous  Amputation  and  other  Lesions  of  the  Foetus  in  Utero  present  topics  of  tha 
hjffhest  interest  fully  treated  and  beautifully  illustrated. 

In  every  point  of  mechanical  execution  tbe  work  will  be  found  one  of  the  handsomest  yet  issued 
from  the  American  press. 

A  book  unusually  rich  in  practical  suggestions.*-  has  been  weighed  and  reweighed  through  years  of 

Am.  Journal  Med.  Sciences^  Jan.  1657.  preparation ;  that  this  is  of  all  others  the  book  of 

These  several  subjects  so  interesting  in  them-  Obstetric  Law,  on  each  of  its  several  topics  j  oa  all 

■elves,  and  so  important,  every  one  of  them,  to  the  P«««»?»  «onnected  with  pregnancy,  to  be  everywhere 

most  delicate  an«fpreciois  of  social  relations,  con-  received  as  a  manual  of  special  jurisprudence,  at 

trolling  often  the  honor  and  domestic  peace  of  a  once  announcing  fact,  affording  argument,  establish- 


fulness  of  illustrations,  acuteneaaand  justice  of  rca-  —"*'"-•»-*  j^^""-  "•••  »jyi «  •«  •-►^.^o^uk.  u.iui, 

■ODing,  unparalleled  in  obstetrics,  and  unsurpassed  in  a  P«f «  but  that  has  its  hints  or  facts  important  to 

mediane.    The  reader's  interest  can  never  flsg,  so  ^»»«  ff«nf™l  practitioner;  and  not  a  chapter  without 

f^sh,  and  vigorous,  and  classical  is  our  author's  e«PJc»l  matter  for  the  anatomist,  physiologist,  or 

style;  and  one  forgets,  in  the  renewed  charm  of  Kg*>**«"^ — ^'  ^'  MW.-CA.r.  JUvmw,  March, 

every  page,  that  it,  and  every  line,  and  every  word  ^^^' 
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BLANCHARD   ie   LEA' 


NEILL  (JOHN), 
Surgtun  tu  Ihc  PsmKrlivaia  I 

FAANCIS  GUANEY  S 

^oTsuarur  Imlitntca  of  M«diciia  in  the  [ 

AN  ANATA'TI(^\L  COMPENDIUM   OF 

OF  MEDICAL  SCIENCE ;  Tor  ihe  Uh  and  Examii 

aiid  improved.     Ill  one  very  liinjW  «""!  handjMjnieiy 

thuii'vuid  pageM,  wilb  37t  wood-cut*,    iilnii^ly  boun 

Thu  very  dallvrlnf  lecepljon  whii-h  li»»  brr n  ai-cordf 

upon  il  bj-  llio  prufew-hin.  an  cvincvd  bv  Ihe  ciHi>laiil  an 

hall^led  iwii  luiwedilum*,  have  viioiukled  the  HUthaTK 

muta  worthy  olifae  Kureeva  which  hai>  alleuded  il.    Il 

and  KiK-b  crnin>  as  had  im  former  oFcaiion*  SMaiped  iilk 

arldilioniwi-ranemwarylonuiinlnin  il  an  a  level  with  r 

ThrexttiidnlxTiu-orillii-^ratinD''  ixm  Invn  still  fiirth 

a  -MsM  ■■iilann-niHiii  nl'ilte  page,  llaese  \-iiriiHi>  additiun; 

thelmlU-nfilwv.<l .'. 

Tlie  wiirt  i>,tbervriire.Biain  Br«ienii'd(>«emtiientlyiii 
bet-u  reivived.  As  u  Ihrnkllir  ilaity  relVreniv  i>y  Ihtt  xli 
tesl-biHikis  ax  a  muiiUiil  Tor  prei'eplori'  ilesirinB  ti>  mimi 
elaminuliiHi,  or  ui  a  wuirre  from  which  Ibe  practiliunen 
a  biinwinliwuf  ihu  vbaugeaaiMl  impruvenwiil  iu  profea 

Th«  \<nt  wnrk  of  llin  kind  wilb  wbitb  we  arc  |  tba  ■' 

acquDinieJ— iU'il.  E^aMimir.  ;  nan 


It  an  admirabla  eniiiiHnd  ■  "^  "J 
ItirwiuiinH,  ann  nrnccialivDirral  111  pmrntim  B**" 
wlii>  rXHiniu  Ihrir  pnpila.  Il  will  nTdiietnirker  i^. 
mach  lalKir  br  CMbliiig  klia  readily  lo  rmll  aU  <if  ,  J^j 

lbs  bcaiofili  rlaia.— TVamWrnf  MiiT.  /ohtmJ.     -  P^"" 

In  Ibc  rB]>id  ounns  tiT  laelBcu,  where  walk  for  .  (ce^l 

NEILL  (JOHN), 

OXTTLTNKS  OF  TIIH  VEINS  AND  LYMI 

OUTl.IXKS  OV  THE  NERVKS.    With  Iiai 

NELIGAN  rj.    MOOAE),  M. 


(Ai- 


;m/i.l  1^ 


■i.    J< 


ATLAS  OF  rrTANKOi:S  DISKAPKS.    I 

r!ol)i.  wjih  -pli'iidid  colored  pluw*,  prerenling  nearl] 

Tlii>  l.'Siil.lEil  vuliitiie  i.  iiili-iidcd  a-  iii'niillili'li-  Ulld 
of  i  l,-.,M..  ,.|  ilie^km.  \\'bi;o  i(  .-ui.  !-■  .■..iiMilicd  ill  .■>. 
c-i-vLii  r.-Jrn'ii.-.<  l„  ilic  iilitlu.r's  ->Tr.niti-c  ,qi  [li-^-H-t 


of  dl»!l fllK-J 


A    I'lt,\CTr<'.\Ti  TIIKATISK   OX   DISK 
Bsai"  T\iii  V«y  noWiwa  ■wWWiq,  ■maa.V'j  wvsSi 


AN'  I       ;  '^         PUBLICATIONS.  25 


{Now  Comp/fte,) 
PEREIRA  (JONATHAN),  M.  D.,  F.  R.  8.,  AND  L.  8. 

THE   ELEMENTS    OF   MATERIA    MEDICA   AND    THERAPEUTICS. 

Third  American  edition,  enlarged  and  improved  1>y  the  author;  includinfp  Noticed  of  mo!(t  of  the 
Medicinal  t^iibntance'i  in  ii«e  in  the  civilized  world,  and  forming  an  Encvclopiedia  of  Materia 
Medrca.  Edited,  with  Additions,  by  Josrph  Carbon,  M.  D.,  Prufeiisor  o(  Materia  Medic*a  and 
Pharmacy  in  the  Univerniiv  of  Pennsylvania.  In  two  very  lan^  octavo  volumcA  of  2100  pagef, 
oo  iimall  type,  with  about  lOO  illustrationa  on  atone  and  wood,  fttrongly  bound  in  leather,  with 
rai9e<l  band:*.    $9  00. 

Gentlemen  who  have  the  fir»t  volume  are  recommended  to  complete  their  copies  without  delay. 
The  fir«t  volume  will  no  longer  be  t>old  M*parate.    Price  of  Vol.  II.  SO  00. 

The  third  edition  of  hia  '*  Klemrnta  of  Materia  ,  and  to  the  directioQS  of  the  United  9tates  Pharma- 
Mediea,  althoagh  completed  under  the  auperviaion  of  copeeia,  in  eonnertion  with  all  the  articleB  contained 
vthera,  iiby  fur  the  inoRt  eluhoraie  trenrlne  in  the  >  in  the  vol ame  which  are  referred  to  by  it.  The  il- 
BBrliahlanguage,and  will,  while  medical  literataro  j  laatrationa  have  been  increaaed,  and  thia  edition  by 
iaeneriahed,  eontinae  a  monument  alike  honorable  Dr.  Caraon  cannot  well  be  regarded  in  any  other 
to  hia  geniua,  aa  to  hia  learning  and  induatry. — 


American  Journal  of  Pkanmcf. 


Uk^I  thnn  that  of  a  treaaure  which  ahould  be  found 
in  the  library  of  every  phyaidan. — New  YorkJoum' 


OoTOwnopinlcm  of  ita  merita  ia  thatof  itaeditora,  I  «'  of  Medical  and  CoUattral  SeUne: 

'  alao  that  of  the  whole  profeaaion,  biith  of  thia  .      The  work,  in  ita  preaent  ahape,  forma  the  moat 

foreign  conn triea— namely,  **  that  in  copinua-  '  comprehensive  and  complete  treatiae  on    mnteria 

*  "^  '  "  ■        urHcy  of  !  medica  extnnt  in  the  Kngliah  lanf^uage.    The  ac- 


of  dctaila,  in  extent,  variety,  and  accurncy 
inltorroatinD,  and  in  lucid  explanation  of  difficult  j  counta  of  the  phyaiological  and  thernpentic  eflfiecta 


recimditft  aubjecta,  it  aurpmaea  all  other  wnrka  '  of  remediea  are  given  with  great  clearneaa  and  ae- 
oa  Materia  Mi^lica  hitherto  puhliahed."    We  can*  i  cumcy,  and  in  a  manner  calculntrd  to  interest  aa 
■ot  eloae  thia  notice  without  alludina  to  the  apeeial  'well  aa  inatruct  the  reader. — Edinburgh  Mtdieal 
•dditinnaiif  the  American  editor,  which  pertain  to  I  aiuC  Surgical  Journal. 
thm  prominent  vegetable  producttuna  of  thia  country,  I 

PEA8LEE  (E.  R.),  M.  D., 
Profeasor  of  Phyaiology  and  General  Patholitgy  in  the  New  York  Medical  College. 

HUMAN  HISTOLOGY,  in  its  relations  to  Anatomy,  Physiology,  and  i^atbology; 

for  the  use  of  Medical  Students.    With  four  hundred  and  thirty- four  illui^trutiona.    In  one  hand- 
some octavo  volujne,  of  over  000  page:*.    {Now  Ready.)    S3  7.'>. 

The  rapid  advances  made  of  late  yearH  in  our  knowledge  of  the  Mrncturc  and  functions  of  the 
dement!*  which  coiiKtitute  the  human  body,  have  rendered  the  sulijeot  of  Ilistolosry  of  the  hiphoi^t 
importance  to  all  who  re^rd  medicine  as  a  science.  At  the  t^ame  time,  the  vast  body  of  facta 
covered  by  Physiology  has  cau-^cd  our  text*liooks  on  that  i^ubject  to  be  necessarily  rcsirictt-d  in 
their  treatment  of  the  port  ion  a  devoted  to  Histology.  A  want  hn»,  therefore,  arisen  of  a  work  de- 
voted especially  to  the  minute  anatomy  of  the  body,  giving  a  complete  and  detailed  account  of  the 
fttmeture  o{  the  various  iiN<^ues,  as  well  as  the  ttolids  and  fluids,  m  all  the  dillerent  organs — their 
functiona  in  health,  and  their  chants  in  disease.  In  undertaking  this  task,  the  author  ha«*  endea- 
vored to  present  his  extensive  subject  in  the  manner  most  likely  to  interest  and  bencrit  ihc  physician, 
confident  that  in  these  details  will  lie  found  the  basis  of  true  medical  science.  The  very  largo 
number  of  illustratitms  introduced  llirou;rht»ut.  servos  amply  to  clucidnle  the  text,  while  the  typo- 
graphy of  the  volume  will  in  every  ropcct  be  found  of  the  handsomest  de^i'ripti«>n. 

It  embrucea  a  library  upon  the  topica  diacuaaed  '  into  a  harmoninua  whole.  We  roinmend  the  wttrk 
■within  itaelf,  and  iajuat  what  the  teacher  and  learner  to  atudenta  and  phyaieiana  geuenillv.  —  Sa»hTille 
need.  Anotlier  advnnnige,  bv  no  menna  to  he  over-  \  Journ.  ef  Mtd.  and  Surgerf^  Dec.  I^*)?. 
looked,  everything  of  real  vulne  in  the  wide  nii.Ke  [  jt  far  aurpaaaea  our  expectation.  We  never  eon- 
whicn  it  enibracea,  la  with jr rent  f.kill  compreaaed  reived  the  poaaihilify  of  comprentinjr  ao  marh  valu- 
into  an  octavo  volume  of  but  little  more  tlinn  aix  ^ble  informalifm  into  ao  compact  a  lorm.  We  will 
hundred  pi^ea.  We  have  not  only  the  whole  aub-  „„,  cjmBuine  apace  with  commc  ndationa.  We  re- 
ject of  HiatoU.gy,  intereating  in  itaelf.  ably  and  fully  |  p^j^c  thia  cimlributi  »n  to  phyaiolopical  acience, 
diaeoaaed.  but  what  la  of  inlinilely  preatrr  intereat  ,  41  ^„t  with  vain  thank  a,  but  with  acceptance  bouL- 
totha  atudenl,  becauae  of  irrealer  practical  value,  |  teoaa."      We  have  already  paid  it   the  practical 


liahing  and  iJlaalrating  each  other,  are  interwoven    readera.— M«m|»Ai*  Mtd.  Recorder ,  Jan.  Ift&j. 


PIRRIE  (WILLIAM),  F.  R.  S.  E., 

Profeaaor  of  Surgery  in  the  Univeraity  of  Aberdeen. 

THE   PRINCIPLES  AND  PRACTICE  OP  SURGERY.    Edited  by  John 

NxiLi^  M.  D.,  Professor  of  S^urgery  in  the  Penna.  Medical  College,  Surgeon  to  the  Pennsylvania 
Hospital,  ito.  In  one  very  handsome  octavo  volume,  leather,  o(  780  pages,  with  316  illutftrations. 
$3  75. 

We  know  of  no  other  anrgical  work  of  a  reaaon- 
nblc  aize,  wherein  there  ia  aomuch  theory  and  prae- 
ticn,  or  where  anbjecta  are  more  aoundly  or  clearly 
taiught.— TA«  Suihoeeopo 


arrived.  Prof.  Pirrie,  in  the  work  before  aa,  haa 
elaborately  diaenaaed  the  principlea  of  aurgery.  and 
a  aafe  and  effectnal  practice  predicated  nnon  tnem. 
Perhana  no  work  npim  thia  aunject  heretorore  iaaned 
~"  '  '  ^     ^  -.  I  '■  ■'»  »ull  upon  the  acience  of  the  art  of  aurgery. — 

There  ia  acarcely  a  diaeaae  of  the  bonea  or  aoft  ,  jfashville  Journal  0/ Mfdieine  and  Surgery. 

EarU,  fractaro,  ordialoeation.that  ia  not  illuatrated  ■     o».«r  th.  h*.t  frMti^.nn  .mw^rv  intK*  v.^it.h 
J  o^icml^  wood-enaravinga.    Then,  again,  every  \  ,.?"*  ;l***V^L^i?  JoV«2^  ^ 

taatniment  employedTby  the  aargwm  ia  thua  repre-    langaage.— Coniufo  Med.  Journal. 


ted.  Theae  engravinga  are  not  only  correct,  bnt 
Ily  beaalifnl,  anowing  the  aatoniahing  degree  of 
'    "on  to  which  the  art  of  woud-engraving  haa 


Our  impreaaion  ia,  that,  aa  a  manual  for  atadciita. 
Pirrie*a  ia  the  beat  work  extant.— Vrttfcm  Med.  and 
Surg.  Journal, 


PARKER  (LANQ8TON), 

Bnrgeon  to  the  Qaeea'a  Hoapital,  Birmingham. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES,  BOTH  PRI- 
MARY AND  SECONDARY;  oomDiiainfftheTfealiiiralofCooslilutioiwliikdCQiBi&EMn^^l^- 
Us,  br  a  iafe  fend  aucceaafnl  nielhod.    With  nunieraui  C«im,  Votrnx^^  %&4  C\\DAn\CMK«^ 
lioa*.   From  the  Third  mod  entirely  rewritten  London  «^\kA.   ^  owb  wsix  wMn^  ^«d(?>»> 
tKtrmeIolh,of316jmge9,    $1  7S. 
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PAR.F113H   (EDWARD), 
Leeiurer  on  Prmctie»l  PhurniMy  mil  SUtitU  Modi™  ia  tbe  PewiaTtruiia  Aeadcmr  Bt 

AN  INTRODUCTION  TO  PRACTICAL  PHAR.MACr.     Designed  u t Tat- 

tlooklor  Ihe  Siudenl,  and  u  i  Guide  Tor  the  PhyMCian  aail  Pbsnnuwulita .     Will  ^n  r* 
~  PreBdriplians.    In  one  bandiume  ocuivo  volume,  exlia  cloth,  of  5S0  sub,  «M  10 
Ulusinuioni.  fl9  7S. 
A  Ckicful  BUmlnatioB  oT  thi 
■      ■ligbwl  -  - 


Mr.  Pirriah  hmi  r 


mbieetvrnioti 

10  Ihs  pbyiiei 

Ihg  >»<. 

to  thi  donwln  dI 


■  la  upseial  pnetinal  IP- 

.  funtivliB*  ttrp  ■tudoil.  ai 

__  Mulls*,  wItt  that  iafer- 

of  Iha  jnaMat  iiaportaDpo  in  ini- 


cuUDuo,  ■■  It  ii  decJgDad  uol  OBlr  fw  ■!■  *■■•« 
■Bit  phiiciineeiitui.  Wt  itlsa  for  Hi*  (n«ia#^ 
prtolitliMera  UinHighinil  (Be  •oawrT.wtaia* 


HlCORD  (P.),  M.  D., 
A  TREATISE  ON  THE  TENEREAL  DISEASS.     By  Joh-s  Htwrot,  ?  El 

Wilh  copious  Addilions,  by  Pa.  RicoBD,M.D.    Ediled,  with  Noie-  '■•■  P .-  '   "-cuiA 

H.D.     luuoetiuidBomBacIaTO  volume,exlr>dolb,ori)20p*geE.  u...  .  .  . 

G'flTT  one  will  recofniift  tbe  iKracuvenfld 
Tmluowhicli  IhitwDrk  qerive*  lh>ni  UiuK  prctE 

Ik*  bank, i>  tlie  ftei  thai  li  Huuin*  il»  "umi 
plale  enbodwcHt  of  Iha  nriiabb  duciriiici  a 
liSplUl  ta  mm/-  wliioh  ha*  oiar  bscn  niule  pi 
Tka  dKlriluU  Meaa  of  H.  Ricard,  ideal  whick.  i 

■altsnallr  adiwied,  are  ineanuiMably  durainaau . 

kerBiDroroonlybsaiiiniBrpniMdbynioieBrlsHBkiinil    ■ 

ILLUSTRATIONS  OF  SYPHILITIC  D1SGA8K.  1  LETTERS  0 


[ 


RIG8Y   (EDWARD),   M.  D., 

acnior  Phyiiciiia  lo  ijie  G.ociel  Lyiqg-io  Ho.piul.  to. 

A   SYSTEM   OP   MmWITERY.    With  Notes  and  AddiUooJ  Dlutaite^ 

Second  American  EJilioo.    Ona  volume  oolavo,  extra  ololh,  432  pages.     $a  SO. 

BT  THE  9ASIE  AUTHOR.      (WdW  Kfody,  1S57.) 

ON  THE  CONSTITUTIONAL  TREATMENT  OF  FEMALE  DISEASE 

In  one  iieal  royal  lamo.  volume,  eilm  cloth,  of  ulwul  250  ptigea.     81  00. 

of  (he  Bulbor  hai  been  ihroughoul  to  jiresenl  Bound  nradlml  vlevn  of  lha  liwiW 
der  consideration  ;  and  without  enloriog  into  thcorolicaf  di^piitmions  and  duqauira^* 
!  results  o[  bit  long  and  eiionded  eiperieuce  in  aocb  a  oomlenaed  lattn  ■•  f^' 
■Bible  to  tbe  pracliliooer. 


rmbody  lb 


HOTfLVVa  WkTYi'KVK  "^YaWk   kND   THERAPKUTICS- 

WiThm>.uV  "«'"  "«4«»«-    H^^^™^:,*S,^^^ 


AND   SCIENTIFIC   PUBLICATIONS.  27 

RAM8BOTHAM  (FRANCIS  H.)i  M.D. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  »IEDICINB  AND 

SURGERYi  in  reference  to  the  Process  of  Parturition.  A  new  and  ehlarged  edition,  thoroughly 
revised  by  the  Author^  With  Additions  by  W.  V.  Keating,  M.  D.  In  one  large  and  handsome 
inaperial  octavo  volume,  of  650  pages,  strongly  bound  in  leather,  with  raised  bands;  with  sixty- 
four  beautiful  Plates,  and  numerous  Wood-cuts  in  the  text,  containing  in  all  nearly  two  hundred 
large  and  beautiful  figures.  {Lately  Issued^  1856.)  95  00. 

In  calling  the  attention  of  the  profession  to  the  new  edition  of  this  standard  work,  the  publishers 
would  remark  that  no  eflurts  have  been  spared  to  secure  for  it  a  continuance  and  extension  of  the 
remarkable  favor  with  which  it  has  been  received.  The  last  London  issue,  which  was  considera- 
bly enlarged,  has  received  a  further  revision  from  the  author,  especially  for  this  country.  Its  pas- 
nge  through  the  press  here  has  been  supervised  by  Dr.  Keating,  who  has  made  numerous  addi- 
tions with  a  view  of  presenting  more  fully  whatever  was  necessary  to  adapt  it  thoroughl]^  to 
American  modes  of  practice.  In  its  mechanical  execution,  n  like  superiority  over  former  eiditions 
will  be  found. 

Ftom  Prof.  Hodg;  o/  th$  Universiif  of  Pa. 

To  the  American  public,  it  is  mott  valuable,  from  its  intrinsic  undoubted  excellence^  and  as  being 
the  best  authorized  exponent  of  British  Midwifery.  Its  circulation  will,  I  trust,  be  extensive  throughout 
onr  country. 

The  publishers  have  shown  their  appreciation  of  cine  and  Surgery  to  our  library,  and  confidently 
the  merits  of  this  work  nnd  secured  its  success  by  recommend  it  to  our  readers,  with  the  aaauranoe 
the  truly  elegant  style  in  which  they  have  brought  that  it  will  not  disappoint  their  most  sanguine  ex- 
it out,  excelling  themselves  in  ita  production,  espe-  pectations.— ITfilerM  Lanett. 
eiallr  in  its  platea.  It  ia  dedicated  to  Prof.  Meiga,  it  i,  nnneceaaary  to  aay  anything  in  regard  to  the 
and  haa  the  emphatic  endoraenieiit  of  Prof.  Hodge,  ntaity  of  this  wort.  It  iaalreadySppreciated  in  our 
M  the  beat  exponent  of  Britiah  Midwifery.  \\  e  country  for  the  value  of  the  matter;  the  cleameaa  of 
know  of  no  text-book  which  dwervea  in  all  reapecta  jt.  ,tyle,  and  the  fulneaa  of  ita  illuatrationa.  To  the 
to  be  more  highly  recommended  to  atndenta,  and  we  phyaieian'a  library  it  ia  indiapensable,  while  to  the 
•ouldwiah  to  aee  it  in  the  hands  of  everv  practitioner,  J^'dent  aa  a  text-book,  from  which  to  extract  the 
for  they  will  find  it  invaluable  for  reference .--M«rf.  material  for  laying  the  foundation  of  an  education  on 
Oa*4tu.  obstetrical  science,  it  has  no  superior. — OAte  Med. 

BntCNice  in  a  long  time  some  brilliant  genius  rears  and  Surg.  Journal. 

kia  head  above  the  horizon  of  acience,  and  illumi-  __       .„      ,      jj  *l  * ».      ^  .     .     .,i  • 

wtea  and  purifiea  every  department  that  he  invcati-  .,  ^.\^"  ^'^  ■<***  ^•^  the  atudent  will  learn  from 

ntes;  and  his  works  become  types,  by  which  innu-  »{  ■"  he  need  to  know,  and  the  practitioner  will  find 

merable  imitators  model  their  feeble  productions,  it,  aj  a  book  of  reference,  surpassed  by  none  other.— 

8neh  a  genius  we  find  in  the  younger  Ramsbothara,  SUtko$eopt. 

and  aucn  a  type  we  find  in  the  work  now  before  na.  The  character  and  merits  of  Dr.  Raraabotham'a 

The  binding,  paper,  type,  the  engravinga  and  wo<m1-  work  are  ao  well  known  and  thoroughly  eatabliahed, 

eata  are  allao  excellent  aa  to  make  thia  book  one  of  that  comment  ia  nnneceaaary  and  praiae  auperflnoua. 

the  fineat  apecimena  of  the  art  of  printing  that  have  The  illuatrationa.  which  are  numeroua  and  accurate, 

given  Buch  a  world-wide  reputation  to  ita  enter-  are  executed  in  tne  higheat  atyle<»r  art.    We  cannot 

priaing  and  liberal  pnbliaheri.    We  welcome  Rama-  too  highly  recomroencTthe  work  to  our  readers.— «5l. 

Dotham's  Principles  and  Praotice  of  Obatetrie  Medi-  LonU  Med.  and  Surg.  Journal. 

ROKITAN8KY  (CARL),    M.D., 
Curator  of  the  Imperial  Pathological  Muaeum,  and  Profesaor  at  the  Univeraity  of  Vienna,  Ac. 

A   MANUAL  OF  PATHOLOGICAL    ANATOMY.    Four  volumes,  octovo, 

bound  in  two,  extra  cloth,  of  about  1200  pages.    Translated  by  W.  E.  Swaine,  Edward  Sixvk- 
KINO,  C.  H.  Moors,  and  G.  E.  Day.    {Just  Ixsited.)  $5  50 
To  render  thia  large  and  important  work  more  easy  of  reference,  and  at  the  same  time  less  cum- 
brous and  costly,  the  four  volumes  have  been  arranged  in  two,  retaining,  however,  the  separate 
paging,  &c. 

The  publishers  feel  much  pleasure  in  presenting  to  the  profession  of  the  United  States  the  great 
work  of  Prof.  Rokitansky,  which  is  universally  referred  to  as  the  standard  of  authority  by  the  pa- 
thologists of  all  nations.  Under  the  auspices  of  the  Sydenham  Society  of  London,  the  combined 
labor  of  four  translators  has  at  length  overcome  the  almost  insuperable  difficulties  which  have  so 
long  prevented  the  appearance  of  the  work  in  an  English  dress.  To  a  work  so  widely  known, 
eulogy  is  unnecessary,  and  the  publishers  would  merely  state  that  it  is  said  to  contain  the  results 
of  not  less  than  thirty  thousand  post-mortem  examinations  made  by  the  author,  diligently  com- 
pared, generalized,  and  wrought  into  one  complete  and  harmonious  system. 


The  profeaaion  is  too  well  acquainted  with  the  re- 
putation of  Rokitansky's  work  to  need  our  aaanr- 
aace  that  thia  is  one  of  the  moat  profound,  thorough, 
and  valuable  hooka  ever  iaaued  from  tne  medical 
preaa.  It  ia  migeii/fij,  andhaanoatandardof  eom* 
pariaon.  It  ia  only  neceMaary  to  announce  that  it  ia 
issaed  in  a  form  as  cheap  as  ia  eompatible  with  ita 
aise  and  preaervation,  and  ita  aale  followa  aa  a 
matter  of  courae.  No  library  can  be  called  com- 
plete without  iX.'-Buffalo  Mtd.  Journal. 

An  attempt  to  give  our  readera  any  adequate  idea 
of  the  vaat  amount  of  inatructioa  accumulated  in 
these  volumea,  would  be  feeble  and  hopeleas.  The 
flffort  of  the  diatinguiahed  author  to  concentrate 
!■  a  small  apace  his  great  fund  of  knowledge,  has 


BO  charged  his  text  with  valuable  trutha,  that  any 
attempt  of  a  reviewer  to  epitomize  ia  at  once  para- 
lyzed, and  muat  end  in  a  failure.— WetMm  Lamest.* 

Aa  thia  ia  the  higheat  aouree  of  knowledge  np<m 
the  important  subject  of  which  it  treats,  no  real 
student  can  afford  to  be  without  it.  The  American 
pnbliahera  hare  entitled  theraaelvea  to  the  thanka  of 
the  profeaaion  of  their  country,  for  thia  timeoua  and 
beautiful  edition^-NaskvilU  Jourfial  of  Medieins. 

As  a  book  of  reference,  therefore,  thia  work  muat 
prove  of  ineatimable  value,  and  we  cannot  too  highly 
recommend  it  to  the  profeaaion.— Ciar/olea  Jtfttf. 
JourruU  and  iUeww,  Jan.  1850. 

Thia  book  is  a  necessity  to  every  practltkmer.— 
Am.  Med.  Monthly. 


8CHOEDLER(FRIEDRICH),  PH.D., 

Professor  of  the  Natural  Sciences  at  Worms,  &e. 

THE  BOOK  OF  NATURE;  an  Elementary  Introdnciion  to  thq  Sdences  of 

Ph3r8ie8,  Astronomy,  Chemistry,  Hineralogy,  Geology,  Botany,  Zoology,  and  Physiology.    First 
American  edition,  with  a  Glosaary  and  other  Additions  and  Improvemeata;  Cran^  Vbi^  wutxn^ 
Ei^iah  edition.    Translated  finom  the  tizth  G«nniii  «Ai\KN^  Yrf  ummci  1Axi>u(msi^^  .^  .^^Ha^ 
Jm  cae  raitoDe,  anudl  ooUlyo,  eztrm  ekHh,  pip.  602,  wit^L  On^  VW»MnA\aBdi^   %\  ^« 
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8HARPEY  (WILLIAM),  M.  D.,  JONES  QUAIN,  M.  D.,  AND 

RICHARD  QUAIN,  F.  R.  S.,  &c. 

dUMAN  ANATOMY.     Revised,  with  Notes  and  Additions,  by  Joseph  LeidTi 

M.  D.,  Profe89or  of  Anatomy  in  the  UniTereity  of  Pennsylvania.  Complete  in  two  large  octavo 
▼olumea,  leather,  of  about  thirteen  hundred  pages.  Beautifully  illustrated  with  over  five  hundred 
engravings  on  wood.    $6  00. 


h«  relative  importance  of  each ;  and  so  skilfully 
lava  the  diflfierent  parts  been  interwoven,  that  no 
■e  who  mal^  this  wor|c  the  basis  of  hit  studies, 
rill  hereafter  have  any  excuse  for  nej^Iecting  or 
ladervaluing  any  important  particulars  connected 
rith    the   structure  of    the   human   frame;    and 

rbether  the  bias  of  his  mind  lead  him  in  a  m(»re  j  viriel— rA^'idSiiirifi  MelLtttid'suriTjouf^!^ 
•peeial  manner  to  surgery,  physic,  or  physiology, !  * 


It  is  indeed  a  work  calculated  to  make  an  era  in  I  he  will  find  here  a  work  at  once  so  comprehensive 
jmtomical  study,  by  placing  before  the  student  {  and  practical  as  to  defend  him  from  excluaiveaess 
Tery  department  of*^ his  science,  with  a  view  to    on  the  one  hand,  and    pedantry  on    the  other. -<> 

Journal  atut  Retrospect  of  tkt  Medical  SeienctM. 

We  have  no  hesitation  in  recommending  this  trea- 
tise on  anatomy  as  the  most  complete  on  that  sub- 
ject in  the  English  language:  and  the  only  one, 
perhaps,  in  any  language,  wnich  brings  the  state 
of  knowledge  forward  to  the  most  recent  disco- 


SMITH  (W.  TYLER),  M.  D., 

Physician  Accoucheur  to  St.  Mary*s  Hospital,  fte. 

)N   PARTURITION,   AND   THE   PRINCIPLES   AND   PRACTICE   OF 

'OBSTETRICS.    In  one  royal  12mo.  volume,  extra  cloth,  of  400  pages.    $1  25. 

BT  THE  SAME  AUTHOR. 

L  PRACTICAL  TREATISE  ON  THE  PATHOLOGY  AND  TREATMENT 

OF  LEUCORKHCEIA.    With  numerous  illustrations.    In  one  very  handsome  octavo  volume, 
OEtra  cloth,  of  about  250  pages.    $1  50. 

We  hail  the  appearance  of  this  practical  and  invaluable  work,  therefore,  as  a  real  acquisition  to  our 
ledieal  literature. — Medical  Qaxette. 


TAYLOR  (ALFRED  S.),  M.  D.,  F.  R.  8., 
Lectnrer  oa  Medical  Jurisprudence  and  Chemistry  in  Guy's  Hospital. 

4BDICAL  JURISPRUDENCE.     Fourth  American,  from  the  flfth  improved  and 

enlarged  Eiiglis^h  Edition.  With  Notes  and  References  to  American  Decisions,  by  Edward 
Haetshornb,  M.  D.  In  one  large  octavo  volume,  leather,  of  over  seven  hundred  pages.  (JuH 
Issusd,  IS50.)    $3  00. 

This  standard  work  has  lately  received  a  very  thorough  revision  at  the  hands  of  the  author,  who 
!••  introduced  whatever  was  necesttary  to  render  it  complete  and  satisfactory  in  carrying  out  the 
ibjects  in  view.  Tne  editor  has  likewise  used  every  exertion  to  make  it  eoually  thorough  with 
egard  to  ail  matters  relating  to  the  practice  of  this  country.  In  doing  this,  he  has  carefully  ex- 
imined  all  that  has  appeared  on  the  subject  since  the  publication  of  the  last  edition,  and  has  incorpo- 
«ted  all  the  new  information  thus  pre^tented.  The  work  has  thus  been  considerably  increased  in 
rise,  notwithstanding  which,  it  has  been  kept  at  its  former  very  moderate  price,  and  in  every  respect 
t  will  be  found  worthy  of  a  Continuance  of  the  remarkable  favor  which  han  carried  it  through  so 
■any  editions  on  both  sides  of  the  Atlantic.    A  few  notices  of  the  former  editions  are  appended. 

We  know  of  no  work  on  Medical  Jurisprudence 
Vhich  contains  in  the  same  space  anything  like  the 
mum  amount  of  valuable  matter. — N.  Y.  Joumai  of 
Mi$dicim4. 

No  work  upon  the  sableet  can  be  put  into  the 
luidsof  students  either  of  law  or  meuicine  which 
ill  engage  them  more  closely  or  profitably ;  and 


lone  could  be  offered  to  the  busy  practitioner  of 
nther  calling,  for  the  purpose  of  casual  or  hasty 
■eferenee,  that  would  be  more  likely  to  afford  the  aid 
lesired.  We  therefore  recommend  it  as  the  best  and 
■ifest  manual  for  (Uily  use. — ^Americam  Joumai  o/ 
Wbdieal  Sciences.   * 


we  do  not  hesitate  to  affirm  that  after  having  once 
commenced  ita  perusal,  few  could  be  prevailed  upon 
to  desist  before  completing  it.  In  the  last  London 
edition,  all  the  newly  observed  and  accurately  re • 
corded  facts  have  been  inserted,  including  much  that 
is  recent  of  Chemical,  Microscopicifl,  and  Patholo- 
gical research,  besides  papers  on  numerous  subjects 
never  before  published.-CAar/<i<im  Medical  Joumai 
and  Review. 


It  is  not  excess  of  praise  to  say  that  the  volume 
before  us  is  the  very  best  treatise  extant  on  Medical 
Jurisprudence.  In  saying  this,  we  do  not  wish  to 
be  understood  as  detrartingfrom  the  merits  of  the 
excellent  works  of  Beck,  Ryan,  Traill,  Guy,  and 
others;  but  in  interest  and  value  we  think  it  must 
be  c«inced(Kl  that  Taylor  is  superior  to  anything  that 
has  preceded  it. — N.  W.  Medical  and  Surg.  Joumai. 


This  work  of  Dr.  TayIor*s  is  generally  acknow- 
•edged  to  be  one  of  the  ablest  extant  on  the  subject 
if  BMdicai  jurisprudence.  It  is  certainly  one  of  the 
nost  attractive  tKNiks  that  we  have  met  with;  sup- 
^ying  so  much  both  to  interest  and  instruct,  that 

BT  THK  8AXK  AUTHOE. 

ON  POISONS,  IN  RELATION  TO  MEDICAL  JURISPRUDENCE  AND 

MEDICINE.  Edited,  with  Notes  and  Additions,  by  R.  £.  Guffitu,  M.  D.  In  one  large  octavo 
volume,  leather,  of  688  pages.    $3  00 

TANNER  (T.   H.),    M.  D., 
Physician  to  the  Hospital  for  Women,  ite. 

A  MANUAL  OF  CLINICAL  MEDICLVE  AND  PHYSICAL  DIAGNOSIS. 

To  which  is  added  The  Code  of  Ethics  of  the  American  Medical  Association.  Second 
American  Edition.  In  one  neat  volume,  small  12mo.  Price  in  extra  cloth,  87|  cents ;  flexible 
style,  for  the  pocket,  80  cents. 

The  work  is  an  honor  to  its  writer,  and  mast  ob-  I  homely  bnt  expressive  word,  *<  handy.*'  The  style 
laiB  a  wide  oircnlatioa  by  its  intrinsie  niarit  alooe.  i  is  admirablv  clear,  while  it  is  so  sententious  as  not 
Baited  alike  to  the  wants  of  students  and  praeti-  |  to  burden  the  memory.  The  arrangement  is,  to  onr 
tioiiers,  it  has  only  to  be  seen,  to  win  for  itself  a  j  mimi,  anexoeptiooaDle.  The  work,  in  short,  de- 
alaee  npoa  the  shelves  of  every  medical  library.  I  serves  the  heartiest  eoBuneadatio^4— >Ba%\i«iw  sUi^. 
Nor  will  it  be  **  shelved*'  long  at  a  time ;  if  we  mis-  1  and  8«rf .  Ja«f«Mt. 
inks  sot,  it  will  he  fooad,  in  the  best  sense  of  the  | 


I 
I 


BLANCHARD   ft    LEA'S    MKUiU&I* 

No-w  Complete  (April.  1857.) 
TODD  (ROBERT  BENTLEYl.  M.  D.,  P.  R 
ptof«i»rof  Pliy>i..l.>eyii.Kmg'.CoUtSF,  l..n><1<n  ^  ma 
WILLIAM  BOWMAN,  F.  R.  8., 

THE  PH  YSIOIX)GICAL  AN  ATOM  Y^  ANl)  PHVttlOt^Y  OF  MAK."»dl' 

■  undrad  large  and  bcauiiful  illu'inUoos  on  wnoJ.     Ccmplcle  .' 

Tuiunw,  oi  DJO  pdgea,  loBther.     Price  91  SO. 

The  very  great  delif  which  bat  occurred  in  Ihe  eompUtiiMi  thTlliia  work  hki 
■ireor  Vtteaulhan  la  verify  by  Ibeir  own  exBioiailion  Ibe  Tartoui  qDHtioaa 
aenled,  llina  rendering  Ihe  work  one  of  peculiar  vaiue  aod  aiilhorily.     BjT  Ifce  " 

and  iha  aocuracy  of  ila  facls  it  tbus  occupies  a  poiiliun     '' —  ' '  — 

phyrtological  aiudcnls. 

Q^Genilenien  wbo  hsve  receiTed  porlione  of  Ihie  wnrk,  as  fub)i*h«d  bi  the  "l 

a.>D  LrsajiKT,"  csnnow  oompiele  Ihcir  oopiet,  if  immiNliBIa  pnplicBtloa  be  made.    fa«3kii» 
Dialled  aa  fuLlowa,  Iree  by  mau,  in  paper  eovar*,  With  cluth  baoka. 

PiBT*  I.,  II.,  HI.  (pp.  25  lo  552),  S3  50. 

PiiBT  IV.  (pp.  553  to  end,  wiih  Tiile,  Fnftce,  Canteni;.  See.).  S3  00. 

Or,  Pabt  IV.,  SiCTiOM  II.  [pp.  TJ3  lo  end,  With  Tllle,  Preface,  C«nlMlta,  &4.1.  f  1  SV 

A  maaDiEiinl  eoatribatiaa  to  Btlliih  nsill 
uaibeAmerlsuiphyaialuwbuitiallfBll  top 


tarr.— /v.  O.  Mid 


rs  brier,  b 

llBilniloi 


r'aPrioelpl, 

iditiuanrMt 


>eoru»nrT| 
Ml  ptxa.     W. 

Iii« medical  raan,  and  il  Bay,  wittall  F^n 

irith  Ihe  uitnim  adraatar*  U  MteiHOMi' 

by  uiTmlDdeBI  wlKi  wdoM  uotvo^ty 


I  .»e«la'!ir,?J"' 
[T  of  nian,l>Dt  we 


D    the    ffilBUU 

ty  and  phy aiology  vf  maiif  bnl  we  admiro  tht 
aoDKiul  aaiDfliatiaB  dI  aaatomy  wilfa  phyaioJo^r 
Tie  iBOtiTe  power  iiMndled  ialti  odBneetiuBBunil 
adaptalionalolhemaehiaeil  li  dealiaea  to  laide. 
and  tl>e  aludiDI  foali  coaitaaUy  impreaKd  witli  tbi 

tar  or  lu  raoellDBi. 

et  orpbyiioJofy 


dapted  to  tlia  waa 


Si«.^i!'ZiJiiiJj5JS'w"«rB.'X«™ 


TODD  (H.   B.l,  M.  D.,    F.  R.  3.,    a_ 
CLINICAL  LECTURES  ON  CERTAIN  DISEASES   OF  THE  UBCtAIf 

ORGANS  AND  ON  DROPSIES.     In  one  oclqvo  volume.     (AVw  B«rf,,  isn.)    11 II 
Tbe  valuable  prsciicsl  nature  of  Dr.  Todd's  writing*  bave  de«ervi 
with  Ibe  pro  esrion,  and  tbe  preseai  volutne,  embodying  the  medical  orpecia  of 
lilnrly  treated,  can  bardly  fail  to  supply  a  vani  bMi 


»  found  si 


WATSON   ITHOMASI,    M.D,,    Ac. 
LECTURES   ON    THE   PRL\CIPLES    AND    PBAOTICB   OF  PHTS16 

""'on,  revised,  with  Additions,  by  D,  Fkanok  Cohdib.  M.  D.,anil 
"  "' folutno,  of  neMljr  d«T«B  I 


.     .  ii  of  Children,"  Sic.     In  one  oclavo 

rotigly  boiind  witta  miped  batids.    93  2.^. 

CirariiiHdly 


M«iVial  Jcaml. 
or  Ibe  lEiI-bon 


"iVJianl 


best  Celt-book*  in 


anguine— /«««j  ■ 


St.— St.i.»>iJtfid.Jc 


->r  Ua  very  b«at  a 
UMea  awl  praelicauf  ph^iit  ig  U 

,  other  bBgiHBa.-M.rf.  i„ 

Aia  teil-biwk  ii  baa  i 
palhology  aad  praoUi 


WHAT   TO   OBSERVE 
AT    THE    BEDSIDE    AND    AFTER   DEATH,   IN    MEDICALI 

¥...,.i:_.._  i.._  .__.L .  ifiiy  oflhe  LundonSociely  for  Medical  Obaervatiua. 

''      '        'on.    In  one  very  handiume  n  ' 
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WILSON   (ERASMUS),  M.  D.,  F.  R.  S., 

Leetnrer  on  Anatomyi  LosdoB. 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.    Fourth  Ameri- 

can,  from  the  la»t  EogUsh  edition.  Edited  by  Paul  B.  Goddaed,  A.  M.,  M.  D.  With  two  hun- 
dred and  fifty  illustrations.  Beautifully  printed,  in  one  large  octavo  voiumei  leather,  of  nearly 
six  hundred  pages.    $3  00. 

In  many,  if  not  all  the  CoUeg es  of  the  Union,  it 
kas  become  a  standard  text-btKik.  This,  of  itself, 
ia  soflScientiy  expressive  of  its  value.    A  work  very 


It  offers  to  the  student  all  the  assistance  that  can 
be  expected  from  such  a  work. — Medical  Examintr. 

'      •        ^  .  •        V      The  most  complete  and  convenient  manual  for  the 

desirable  to  the  student;    one.  the  possession  of ;  .(gdent  we  possess.'-.iifMrtcm /o»r»ai  o/ Jf«tfteai 
which  will  greatly  facilitate  his  procress  m  the  |  Seieuc€. 
■tnd]|r  of  Practical  Anatomy.— iVins  York  Journal  of 
MUdieitu. 


Its  author  ranks  with  the  highest  on  Anatomy. — 
SstflAsm  Midical  and  Surgical  Journal . 


In  every  respect,  this  work  as  an  anatomical 
guide  for  the  student  and  practitioner,  merits  our 
warmest  and  most  decided  praise.— Lomoa  Mediet^ 
Gazette. 


BY  THK  SAMS  AUTHOS.      {Just  IsSUed,) 

THE    DISSECTOR'S  MANUAL;  or,  Practical  and  Surdcal  Anatomy.     Third 

American,  from  the  last  revised  and  enlaiged  En^li»h  edition.  Modified  and  rearranged,  by 
WiixiAM  Hunt,  M.  D.,  Demonstrator  of  Anatomy  m  the  University  o(  Pennsylvania.  In  one 
large  and  handsome  royal  12mo.  volume,  leather,  of  582  pages,  with  154  illustrations.    $2  00. 

The  modifications  and  additions  which  this  work  has  received  in  passing  recently  through  the 
author's  hands,  is  sufficiently  indicated  by  the  fact  that  it  is  enlarged  by  more  than  one  hundred 
psiges,  notwithstanding  that  it  is  printed  in  smaller  type,  and  with  a  greatly  enlarged  page. 


ing  very  superior  claims,  well  calculated  to  facilitate 
their  studies,  and  render  their  labor  less  irksome,  by 
constantly  keeping  befure  them  definite  objecta  of 
interest. — The  Lances. 


It  renuins  only  to  add,  that  after  a  careful  exami> 
nation,  we  have  no  hesitation  in  recommending  this 
irork  to  the  notice  of  those  for  whom  it  has  been 
eqireasly  written— the  students— as  a  guide  possess- 

BT  TBI  SAME  AUTHOS.    {Now  Rsadft  May,  1857.) 

ON  DISEASES  OF  THE  SKIN.     Fourth  and  enlarged  American,  from  the  last 

and  improved  London  edition.    In  one  large  octavo  volume,  of  650  pages,  extra  cloth,  $2  75. 

This  volume  in  parsing  for  the  fourth  time  through  the  hands  of  the  author,  has  received  a  care- 
fal  revision,  and  has  been  greatly  enlarged  and  improved.  About  <Hie  hundred  and  fifty  pages  have 
been  added,  including  new  chapters  on  Classification,  on  General  Palhoiog)%  on  General  Thera- 
peutics, on  Furuncular  Eruptions,  and  on  Disiease:*  of  the  Nails,  besides  extensive  additions  through- 
oat  the  text,  wherever  they  have  seemed  desirable,  either  from  former  omissions  or  from  the  pro- 
gress ol  fecience  and  the  increased  experience  of  the  author.  Appended  to  the  volume  will  also 
now  be  found  a  collection  of  Selected  Formuub,  consisting  for  the  most  part  of  prescriptions  ot 
which  the  author  has  tested  the  value. 

The  writings  of  Wilson,  upon  diseases  of  the  skin,  a  place  in  this  volume,  which,  withont  a  doubt,  will, 
are  by  far  the  most  scientific  and  practical  that    for  a  very  long  period,  be  acknowledged  as  the  chief 


have  ever  been  presented  to  the  medical  world  on 
this  subject.  The  present  edition  is  a  great  improve- 
naent  on  all  its  predecessors.  To  dwell  upon  all  the 
great  merits  and  high  claims  of  the  work  before  us, 
seriatiniy  would  indeed  be  an  a|freeable  service;  it 
would  be  a  mental  homage  which  we  could  freely 
offer,  bnt  we  should  thus  occupy  an  undue  amount 
of  space  in  this  Joumeil.  We  will,  however,  look 
at  some  of  the  more  salient  poinU  with  which  it 
abounds,  and  which  make  it  incomparably  superior  in 
excellence  to  all  other  treatises  on  the  subject  of  der- 
matology.   No  mere  speculative  views  are  allowed 


standard  work  on  dermatology.  The  principles  of 
an  enlightened  and  rational  tnerapein  are  introduced 
on  every  appropriate  occasion.  The  general  prac- 
titioner and  surgeon  who,  peradventure,  may  have 
for  years  regarded  cutaufous  maladiea  as  scarcely 
worthy  their  attention,  because,  forsootb,  they  are 
not  fatal  in  their  tendency ;  or  who,  if  they  have 
attempted  their  cure,  have  followed  the  blind  guid- 
ance of  empiricism,  will  almost  assuredly  be  roused 
to  a  new  and  becoming  interest  in  this  department 
of  practice,  through  the  inspiring  agency  uf  this 
book.— ^m.  Jour.  Med.  Sctsacs,  Oct.  i6S7. 


ALSO,  JUST  READT, 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OF 

THE  SKIN ;  consisting  of  nineteen  beautifully  executed  plates,  of  which  twelve  are  exquisitely 
colored,  presenting  the  Normal  Anatomy  and  Pathology  of  the  SSkin,  and  containing  accurate  re- 
presentations of  about  one  hundred  varieties  of  disease,  most  of  them  the  size  of  nature.  Price 
in  cloth  $4  25. 

In  beauty  of  drawing  and  accuracy  and  finish  of  coloring  these  plates  will  be  found  superior  to 
anything  of  the  kind  as  yet  issued  in  this  country. 

The  plates  by  which  this  edition  is  accimipanied  The  representations  of  the  various  forms  of  cutanc- 
leave  nothing  to  be  desired,  so  far  as  excellence  of  ons  disease  are  singularly  accurate,  and  the  coloring 
delineation  and  perfect  accuracy  of  illustration  are  ',  exceeds  almost  anything  we  have  met  with  in  point 
eoncerned . — Med  ico- Chirurgical  Review.  ,  of  del  icacy  and  finish ,~^Britisk  and  Foreign  Medical 

Of  these  plates  it  is  impossible  to  speak  too  highly.  |  ^«^*«*'- 

BT  THE  SAME  AI7THOK. 

ON    CONSTITUTIONAL   AND    HEREDITARY    SYPHILIS,  AND    ON 

SYPHILITIC  £R(JPTIONS.  In  one  small  octavo  volume,  extra  cloth,  beautifully  printed,  with 
four  exquisite  colored  plates,  presenting  more  than  thirty  varieties  of  S)'philitic  eruptions.  $2  25. 

BY  THE  SAME  A17THOK.      {Just  IsSUed.) 

HEALTHY  SKIN;  A  Popular  Treatise  on  the  Skin  and  Hair,  their  Preserva- 

tioa  and  Management.  Second  American,  from  the  fourth  London  edition.  One  neat  volume, 
royal  12mo.,  extra  cloth,  of  about  300  ptges,  with  numerous  illustrations.  %l  00 ;  paper  cover, 
7«)oents. 

WILDE  (W.   R.), 
SaTgeoB  to  St.  Mark's  Ophthalmia  and  Avral  Hoapital,  Dahlia. 

AURAL  SURGERY,  AND  THE  NATURE  AS1>  'EM^K^tS^S^  ^^  \S«s. 

EASES  OF  THE  EAR.     In  one  handsome  oclvvo  TrfAum^^  «i!a%  <\<q^q\.  iCX^  ^^^KP^^^vrfi^ 
WuBtntioaB.    $2  80. 


^^^^^  DCaASD  ft   LEA'S   MEDICAL   PUBLICATION 

WEST  (CHARLES), 

Ao^Ducheur  In  i.6d  Uctnr.r  nn  Midwifery  m  St.  B-.thol<..7.« 
SirkCbildr«i,tc. 

LECTURES   ON   THE   DISEASES   OP  IXFANCT  AND  CHILDBOOft 

gnymd  Anierion.  from  tfae  9«nHid  and  Enlarged  Luuilon  etiilioa.      In  ooe  volttnc,  aOM^ 
■     ■       ■  '    "-« bandred  pngn.    Si  0'^ 


llgtlian  hf  t<ii>  able,  thomngk.  «ad  laU 
upon  ■  labiet?!  irlitcb  ftJiTjcvi  dailr  tut*  e 

ip'tit  Uie  akin  uf  th«  veA«ni1  tra«UQA«r. ^ 

Willi  ■ia«nlar(«licnyihi«a(d^)iiaw«]ranait4 
UiB  uuigona  Ubyiiulbm  of  Ibi  aif—''  — ■ — '-*- 


We  ta.lct  le»»e  nf  t».  Waal  Willi  (frtiit  Mipwf  fCT 

pnwetao*  ob—t«iioB, Md  •  **P  """Jii^  obllga- 

Dr.  Waat  tua  plucil  tks  ptofeaaltB  iiBdu  deep  ob- 

BT  TBI  Ba.lU  AETTBOK.       (JWt  JaJKacf.) 

LECTCKES  ON  THE  DISEASES  OF  WOMEN.     In  two  narta. 

Fart  1.  8vo.  dolb,  of  ibual  300  pogK?,  conipriting  (he  DrSE*SES  otr  the  (jTRsrs.     11  M. 
~        '■      "  THE  OvAKiBS,  and  o(  all  tae  pnm  bmi 

lElTEBNALOaa^NS. 

acoraplel, 
.     „  .  'ine  the  Im 

■DdlbeMiawirery  Hiwpiula.ag  W«llae  in  pnvule  praciie 

■iMidBrd  Bulhorily  oa  kh  inipoiiwil  mibjecl.    To  show  iheg«ier*i  scope  ol'tbB  iniric,  umoiMd 

ihe  CoDWaia  of  Fan  I.  !■  tnbjeiiiDd. 
'  L^tturif  I.,  II. — IirrBODUCTORT — Symptoms — Exammalion  of  Symptama — Mode*  r£  ETanJii 
Uoas.  Leaurn  III.,  JV,  T — Disoedebs  of  MEnsTitrATiON,  AmenarrhfEBiMniorrhagu,!^ 
menorihiM.  Ltdmnt  VI,,  VIL,  FJ/^.— iNrLatdUATiDM  OF  THE  Ursitra.  tl>'pentop)i),  1(M 
Infl&mmauon,  Chrauc  InflBmmeitoii,  Ulcemioa  of  ihe  O*  Uuri,  Cerrical  LeuiurrlnaL.  £*at 
lX.,S.,XI.,XII.,XIU.—iAmitjn:^itssTo*  tbk  Uterus.  Prolan.us,  AnleverHon,  Belina 
biou,  tavemioii.  LttturH  XIV.,  X7.,  XYL,  Xr/f.— Utkbihe  Tijmobs  ass  OiiuMmd 
Mueoiu.Fibro-Mllular.and  Glandular  Polypi.Miii 
FIbroa»  Poln>ii  Fut)'  Tumara,  Tabercular  DiKi 


WILLIAMS  (C.  J.  B.).   M.  D.,  F.  R.S., 

PioftMoi  cr  OUaleal  Hedielme  1>  UalraialtT  Col  Uifa,  Uwha,  *«. 

FBIN0IFLB8  OF  HBDIOINE.    As  ElamenteT  View  of  the  Okobbs,  Nitn^ 

TkaMmMt, DIacBotta, tadn«gDO*ii  of  DiMuo;  wttli  brJal  ramubaa  Hnfanin^iv  tka)M 

MttalSoa oTbadtt.    AMwABerieao,ftaiBlkslUrdwidnTiM>dId]adai«dilwa.    Ibomooh) 

Taliinie,lMku,ol*lMMilIiOO|ii«aa.    «3  30.    (/f*w£M^,lbr,  1SS7J 

Tha  Toy  raoeM  wd  Iboroogfa  ravakn  which  thii  worfc  hu  aq^wd  ai  lbs  hand*  oT  the  a«k« 

hu  broughlUaoooBplsidr  ■>£!<>  tbapraaeat  Mate oftbaM^iBat  thai  in rapradDci^ii  ^utfuii 

hava  baan  fbnod  ncMMtrjr.    llie  anoceu  which  the  work  ha*  bereiofom  mat  abowa  ibai  iu  ■• 

porUace  has  been  approcialed,  and  in  iti  preF«Dl  fonn  il  will  be  found  emitienily  worthy  ■  caiieii' 

aoea  of  ifae  aama  Ihvor,  ponKwiog  a*  il  doea  the  itrongeat  claims  to  Ihe  alteniiog  of  the  DfAn. 

Nudent  and  practitioner,  from  Ihe  admirable  maiuier  in  which  tha  varioua  ioquiriei  id  the  dinenai 

bianchsii  of  pathology  are  invealigaled,  combined  and  generaliied  by  an  eiporienced  practicai  pby 

alaian,  tmd  direclly  ajqilied  to  ibe  ln*ealigation  and  trealiueat  of  diaeaae. 

We  Bnd  ttiat  Ihe  deeplv-intcrintiag  mailer  and    reeoiamead  it  for  a  teit.book,  guide,  and  w 

Img,  indeed,  for  our  owb  proi 
Tjewera  can  be  permilled  tv  id 
nmber  analjeit  lo  the  aiadent  i 
JDdgmeBl  of  die  w 
aapnTaaed.    Itiae 

S"lE;  ' 

WHITEHEAD  ON  THE  CAUSES  AND  TEEAT- 
MBNT  OP   ABORTION    AND  STERII.1TY. 

YOUATT  IWILLfAM),  V.  8. 
THE    HOBSE.     A  new  edition,  with  sumerons  illiutntionB;   togetlier  with  • 

C era]  hiMoryoflbe  Hone,'  a  Disaertatiai  on  tbe  American  Trotting  Horae ;  howTrantedBid 
keyed  J  an  Accomtlofhia  Ramark^le  PerTcRiiiaacea ;  and  an  Eaaay  on  UwAai  and  the  Mole. 
By  J.  8.  SxiKRiB,  Ibrmerly  Awiatant  Po>tma>tei~Oe&erBl,  and  EdiUir  of  tha  Tmf  HwMet. 
One  large  octavo  toIuhw,  extra  cloth.    91  SO. 

ar  tH>  aaMa  adtbok. 
THE  DOG.  ^\(b4.  W&j3- \«wtt,  11.  D.    WWii 
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To  avoid  fine,  this  book  Bbonld  be  returned 
r  before  the  dale  last  stamirad  belov. 
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